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Foreword 


This edition of the Minerals Yearbook discusses the performance of the 
worldwide minerals industry during 1984 and provides background informa- 


. tion to assist in interpreting developments during the year being reviewed. 


Content of the individual volumes follows: 

Volume I, Metals and Minerals, contains chapters on virtually all metallic 
and nonmetallic mineral commodities important to the U.S. economy. In 
addition, it includes a statistical summary chapter, a chapter on mining and 
quarrying trends, and a chapter discussing the statistical surveying methods 
used by the Bureau of Mines. 

Volume II, Area Reports: Domestic, contains chapters on the mineral 
industry of each of the 50 States, the U.S. island possessions in the Pacific 
Ocean and the Caribbean Sea, and the Commonwealth of Puerto Rico. This 
volume also has a statistical summary. 

Volume III, Area Reports: International, contains the latest available 
mineral data on more'than 130 foreign countries and discusses the importance 
of minerals to the economies of these nations. A separate chapter reviews the 
international minerals industry in general and its relationship to the world 
economy. 

The Bureau of Mines continually strives to improve the value of its 
publications to users. Therefore, constructive comments and suggestions by 
readers of the Yearbook will be welcomed. 


Robert C. Horton, Director 
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Nonfuel Minerals Survey 
Methods 


By Staff, Branch of Statistical Standards 


The Bureau of Mines Minerals Informa- 
tion organization collects worldwide data on 
virtually every commercially important 
nonfuel mineral commodity. These data 
form the base for tracking and assessing the 
health of the minerals sector of the U.S. 
economy. 

This data collection activity was insti- 
tuted by the 47th Congress in an appropria- 
tions act of August 7, 1882 (22 Stat. 329), to 
place the collection of mineral statistics on 


an annual basis. The most recent authority 
for the Bureau of Mines Minerals Informa- 
tion activity is the National Materials and 
Minerals Policy, Research and Develop- 
ment Act of 1980 (Public Law 96-479, 96th 
Congress), which strengthens protection for 
proprietary data provided to the U.S. De- 
partment of the Interior by persons or firms 
engaged in any phase of mineral or mineral- 
material production or consumption. 


DATA COLLECTION SURVEYS 


The Bureau of Mines initiates the collec- 
tion of domestic nonfuel minerals statistics 
with an appraisal of the information re- 
quirements of Government and private or- 
ganizations of the United States. Those 
information needs that can be satisfied by 
data from the minerals industries are form- 
ulated as questions on Bureau of Mines 
survey forms. Figure 1 shows a typical 
survey form, Alumina (6-1013-A). Specific 
questions pertaining to the production, con- 
sumption, shipments, etc., of mineral com- 
modities by industrial establishments are 
structured to provide data that will be 
aggregated into meaningful totals. One 
hundred and sixty-six monthly, quarterly, 
semiannual, and annual surveys cover the 
entire mineral economic cycle from produc- 
tion to trade and consumption. 

Once the survey form has been designed, 
a list of producers or consumers is devel- 
oped. Many sources are utilized to deter- 
mine the companies, mines, plants, and 
other operations that should be included in 
the survey to produce meaningful national 
and State totals. Bureau of Mines State 
Mineral Officers, State geologists, Federal 


organizations (e.g., Mine Safety and Health 
Administration), trade associations, and in- 
dustry publications and directories are 
some of the sources that are explored to 
develop or update survey listings. With few 
exceptions, an attempt is made to canvass 
the entire population of appropriate estab- 
lishments. The iron and steel scrap industry 
is an example of one of the exceptions 
where a sampling plan is employed rather 
than a complete canvass of the entire indus- 
try. 

Prior to mailing, the survey form must be 
approved by the Office of Management and 
Budget (OMB). Under the Paperwork Re- 
duction Act of 1980, OMB approves the need 
or requirement for collecting the data and 
protects industry from unwarranted Gov- 
ernment paperwork. 

The Bureau publishes a “Survey Forms 
Catalog," which describes the content of 
each survey. Copies of the catalog may be 
obtained by contacting the Branch of Statis- 
tical Standards, Division of Minerals Infor- 
mation Systems, U.S. Bureau of Mines, 
Washington, DC 20241. 
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SURVEY PROCESSING 


The 166 surveys yield more than 61,000 
responses from approximately 29,000 estab- 
lishments annually. Each of the completed 
survey forms returned to the Bureau under- 
goes extensive scrutiny to ensure the high- 
est level of accuracy possible in recording 
mineral data. Bureau specialists ensure 
that no error is introduced owing to report- 
ing in units other than those specified on 
the survey form. Relationships between re- 
lated measures such as crude ore produced 
and marketable product are analyzed for 
consistency. Internal numerical relation- 
ships such as column and row totals are 
checked. The data reported in the current 
reporting period are checked against prior 
reports to detect possible errors or omis- 
sions. 

For automated surveys, the specialist re- 
views the form for correctness and com- 
pleteness before the data are entered into 
the computer. The computer is programmed 
to conduct a series of automated edit checks 
to ensure mathematical consistency and to 
identify any discrepancies between the data 
reported and logically acceptable responses. 

The Bureau of Mines has an ongoing 
program to modernize and automate all of 
its survey processing methods. The focal 
point of this program is the development of 
the Automated Minerals Information Sys- 


tem (AMIS). AMIS commodity data sub- 


systems support the processing of individual 
surveys and the preparation of publication 
quality statistical tables. A central data 
base includes the minerals data gathered 
through surveys as well as pertinent data 
from other sources. The data base enables 
Bureau specialists to rapidly retrieve the 
data required for analysis of minerals prob- 
lems and for answering specific user ques- 
tions. 

Survey Responses.—To enable the reader 
to better understand the basis on which the 
statistics were calculated, each commodity 
chapter of the "Minerals Yearbook" in- 
cludes a section entitled "Domestic Data 
Coverage." This section briefly describes the 
data sources, the number of establishments 
surveyed, the response percentage, and the 
method of estimating the production (or 
consumption) that is accounted for by non- 
respondents. 

Although the response to Bureau surveys 
is generally very good, the Bureau must 
employ an efficient procedure for handling 
instances of nonresponse in order to pro- 
duce reliable aggregated data. Second mail- 
ings of the survey form may be made. 


Followup by telephone is employed exten- 
sively to provide complete data entries on 
the survey forms, to verify questionable 
entries, and also to encourage those not 
reporting to either return survey forms or 
provide the information orally. Periodic 
visits to important minerals establishments 
are also made by Bureau commodity spe- 
cialists or State Mineral Officers. These 
visits are made to gather missing data and 
also to point out the importance of the 
companies' reporting to the production of 
accurate national as well as State and 
county statistics. By showing the use of 
these statistics and the impact of nonre- 
sponse, the Bureau hopes to encourage as 
complete and accurate a canvass as possi- 
ble. 

The OMB “Guidelines for Reducing Re- 
porting Burden" stipulates that the mini- 
mum acceptable response rates shall be 
75% of the panel surveyed. In addition, the 
Bureau strives for a minimum reporting 
level of 75% of the quantity produced or 
consumed (depending on the survey) for 
certain key statistics. Response rates are 
periodically reviewed, and for those surveys 
not meeting the minimum reporting level, 
plans are developed and implemented to 
improve response rates. 

Estimation For Nonresponse.—When ef- 
forts to obtain response to a Bureau survey 
fail, it is necessary to employ estimation or 
imputation techniques to account for the 
missing data. These techniques are most 
effective when the response rate is relative- 
ly high. The Bureau is continually striving 
to develop and make use of the most effec- 
tive techniques. Some of the imputation 
methods depend only on knowledge of the 
prior reporting of the establishment, while 
others rely on external information to esti- 
mate the missing data. Survey forms receiv- 
ed after publication cutoff dates are edited, 
and necessary imputations are made for 
missing data. The data base is updated, and 
these revisions will be reflected in subse- 
quent publications. 

Protection of Proprietary Data.—The 
Bureau of Mines relies on the cooperation of 
the U.S. minerals industry to provide the 
minerals data that are presented in this and 
other Bureau publications. Without sub- 
stantial response to survey requests, the 
Bureau would not be able to present reli- 
able statistics. The Bureau in turn respects 
the proprietary nature of the data received 
from the individual companies and estab- 
lishments. To ensure that proprietary 
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rights will not be violated, the Bureau 
analyzes each of the aggregated statistics to 
ascertain if the statistics of an individual 
company or establishment can be deduced 
from the aggregated statistics. For example, 
if there are only two significant producers 
of a commodity in a given State, the Bureau 
will not publish the total for the State since 


either large producer could readily estimate 
the production of the other. It is this obliga- 
tion to protect proprietary information that 
results in the “Withheld” or “W” entries in 
*Minerals Yearbook" tables. When the com- 
pany gives permission in writing, the Bu- 
reau may release data otherwise withheld 
because of proprietary considerations. 


FOREIGN DATA 


Volume I of the “Minerals Yearbook" 
contains a “World Review" section in each 
commodity chapter that usually includes a 
world production table. These tables are 
prepared in the Bureau's Division of Inter- 
national Minerals. These data are gathered 
from various sources including published 
reports of foreign government mineral and 


statistical agencies, the U.S. Department of 
State, or international organizations such 
as the United Nations and the Organization 
of Petroleum Exporting Countries. Missing 
data are estimated by the country specialist 
based upon information gathered from a 
variety of sources. 


PUBLICATIONS AND DATA SERVICES: 


In addition to the three volumes of the 
„Minerals Yearbook," the statistical data 
collected are published in other reports, the 
principal series being the “Mineral Indus- 
try Surveys.” Mineral Industry Surveys are 
concise monthly, quarterly, or annual re- 
ports that contain timely statistical and 
economic data on nonfuel mineral commod- 
ities. The surveys are designed to keep 
Government agencies, the minerals indus- 
tries, and the business community regularly 
informed of trends in production, distribu- 
tion, inventories, and consumption of non- 
fuel minerals. 

One of the earliest publications contain- 
ing information on mineral production, re- 
sources, reserves, imports, exports, uses, 
recycling, substitution, environmental con- 
siderations, and related subjects is Mineral 
Commodity Summaries.” Published in Jan- 
uary, it covers approximately 90 mineral 
commodities for the previous calendar year. 

“Mineral Facts and Problems” is a one- 
volume reference book containing world- 
wide production information and demand 
forecasts for all nonfuel minerals. It is 
published every 5 years. In the 1985 Miner- 
al Facts and Problems," each commodity 
chapter covers the structure of the industry, 
uses of the commodity, reserves and re- 
sources, technology; supply-demand rela- 
tionships, byproducts and coproducts, stra- 
tegic considerations, economic and operat- 
ing factors, and forecasts to 1990 and 2000. 
Each chapter also compares U.S. and world 
reserves with cumulative demand to ap- 
praise the adequacy of world mineral sup- 


plies. The 1985 edition of “Mineral Facts 
and Problems’ will be available in Decem- 
ber 1985 from the U.S. Government Print- 
ing Office. 

The “Mineral Perspectives" series reports 

on the mineral resources, industries, and 
related infrastructure of those foreign coun- 
tries er regions of the world that assume 
major importance to our Nation's mineral 
needs. 
Minerals and Materials / A Bimonthly 
Survey provides timely information on 
selected commodities. Data and analyses 
are presented that are germane to policy 
issues of current interest. Brief narratives 
are supplemented by statistical graphs and 
tables. Data are provided for the current 
month and the previous 22 months, and 
estimates are made for the upcoming 
month. 

The "Minerals Yearbook" and “Mineral 
Facts and Problems" are available from the 
Superintendent of Documents, U.S. Govern- 
ment Printing Office, Washington, DC 
20402. For additional information on the 
other Bureau publications, contact the Divi- 
sion of Publication, U.S. Bureau of Mines, 
2401 E Street, NW., Washington, DC 20241. 

Two types of machine readable (computer 
compatible) data are provided. A 10-year 
time series of domestic supply-demand rela- 
tionships data on each commodity is distrib- 
uted on 5-1/4-inch floppy disks. These disks 
are compatible with many types of micro- 
computers and popular microcomputer 
application software packages. These 
data have been published every 5 years in 
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"Mineral Facts and Problems" and are 
being updated annually in “Mineral Indus- 
try Surveys" and on the floppy disks. Copies 
of Bureau survey mailing lists are also 
available on magnetic tape or in printed 
form. These lists include the company and 
plant names, Standard Industrial Class- 


ification (SIC) codes, and the addresses to 
which the survey forms are mailed. Infor- 
mation on obtaining data on floppy disks or 
purchasing copies of mailing lists can be 
obtained from the Division of Minerals 
Information Systems, U.S. Bureau of Mines, 
2401 E Street, NW., Washington, DC 20241. 
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Mining and Quarrying Trends 


in the Metal and Nonmetal 
Industries 


By Robert J. Willard? 


This chapter includes tables from 1983 
that were not available in time for publica- 
tion of the 1983 Minerals Yearbook, but 
does not include corresponding tables for 
1984. The value of raw nonfuel minerals 
produced in the United States during 1984 
was estimated at $23.2 billion, an increase 
of $2.1 billion over the value for 1983. This 
is the second consecutive year that the 
value has increased, and except for a de- 
crease in 1982, the value for each year has 
increased since 1971, or 12 out of 13 years. 
In 1984, 16 out of 21 metal commodities 
increased in output while 5 metals decreas- 
ed; 14 metals increased in value and 7 
decreased. Of 46 nonmetal commodities, 37 
increased in output while 7 decreased and 2 
remained unchanged; 35 nonmetals increas- 
ed in value and 11 decreased. 

These statistics are grounds for continu- 
ing the cautious economic optimism ex- 
pressed in 1983. Despite the note of opti- 
mism, however, numerous problems plague 
the mining industry, weakening its stability 
and inhibiting its growth potential. The 
problems are a complex mix of internation- 
al and domestic factors that have been 
building in the recent past, but have become 
even more troublesome in 1984. 

Extraction and processing of mineral re- 
sources continue their shift to foreign coun- 
tries, and because the metals market is 
increasingly influenced by these countries, 
the United States has moved into a kind of 
international or global economy character- 
ized by depressed metal prices and overpro- 
duction by foreign producers. It is doubtful 
that this situation will change in the fore- 
seeable future, since some foreign countries 


must produce metals regardless of price in 
order to meet their debt servicing obliga- 
tions. The strength of the economic recov- 
ery that began in 1983 among industrialized 
Western World nations, and particularly 
the United States, has been confined largely 
to the consumer. More recently, it has 
spread to capital goods that consume met- 
als. This progression reemphasizes the tra- 
ditional role of the metals industry as one of 
the last sectors to improve after a recession, 
and another aspect of why metal prices are 
depressed and will probably remain so for 
an extended period of time. 

Gold has continued as the bright spot in 
domestic metal mining, and production is 
expected to expand further in the next few 
years. This suggests that gold and other 
precious metals will claim a high percent- 
age of exploration costs, and as a result, ore 
reserves will probably be enlarged. Most 
production is from open pit mines with heap 
leaching becoming increasingly more popu- 
lar. This method permits mining of low- 
grade ores at costs on a par with costs to 
mine higher grade, underground deposits, 
and is further aided by gold prices that are 
high in comparison with other metals. 

As noted in 1983, the domestic industry 
has been seeking ways of cutting costs 
through technological improvements aimed 
at increasing productivity. This approach, 
however, may be reaching a point of no 
return. An undercurrent of change is taking 
place in the industry, according to some 
observers, apart from seeking Government 
protection. Since a global economic setting 
has emerged, and since the industry wants 
to remain competitive, it may consider di- 
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versifying efforts into such options as re- 
placing reserves through acquisitions rath- 
er than through exploration and develop- 
ment, collaborating with other industries 
for new sources of revenue, curtailing pro- 
duction when market prices are unaccept- 
able, and using innovative financing meth- 
ods. Other factors may influence the under- 
current: namely, closing of less efficient 
operations, selling of assets to reduce oper- 
ating costs, and effecting improvements in 
corporate debt positions. Still another fac- 
tor is the interest shown by some in the 
industry in exporting in-house expertise to 
foreign operations as a means of preserving 
viability. The expertise includes every type 
of mining-related engineering service from 
initial survey and prospecting to processing 
and refining of mined ore. Benefits from 
such export help increase profits through 
service contracts and improved access to 
Strategic materials produced in foreign 
countries. Despite such diversified efforts, 
most of the accomplishments reported in 
1984 continue to be technically oriented, 
signifying that technological improvements 
are still a viable way of increasing produc- 
tivity. 

Legislation and Government  Pro- 
grams.—Several bills of concern to the min- 
ing and minerals industry were enacted in 
1984. Included among these is the Critical 
Materials Act, attached as title II to the 
Arctic Research and Policy bill. Enacted on 


July 31, 1984, the act establishes a three- 


member National Critical Materials Coun- 
cil that reports on materials coordination 
and policy to the Executive Office of the 
President. 
The President also signed into law a State 
Mining and Mineral Resources Research 
Institute program bill, extending authoriza- 
tion for the program for 5 years. Funding 
levels were set at $300,000 for each institute 
for the first year and $400,000 for each year 
thereafter. The grant money is to be match- 
ed on a basis of no less than $1.50 from non- 
Federal sources for each $1.00 from Federal 
sources during the first 2 years, and no less 
than $2.00 from non-Federal sources there- 
after. New criteria were also established for 
determining whether a university qualifies 
as a mineral institute to become eligible for 
funding under the act. Membership on the 
advisory committee for program direction 
and recommendations was expanded to in- 
clude representatives of academia, industry, 
labor, and the environmental community. 
The second session of the 98th Congress 


included passage of a number of wilderness 
bills affecting some 20 States. Rapid move- 
ment of wilderness legislation through the 
Congress occurred only after a compromise 
was reached in May 1984 between Senate 
and House committees on releasing certain 
forest lands to multiple use. By yearend, 
over 70 wilderness bills had been introduc- 
ed, 20 of which were passed and signed into 
law, adding over " million acres of land to 
the National Wilderness Preservation Sys- 
tem. 

Two measures were also passed that have 
an impact on National Defense Stockpile 
activities for fiscal year 1985. First, the 
Continuing Resolution, which was signed 
into law by the President in October 1984, 
contains a $10 million, 2-year authorization 
for “purchases and/or commitments to pur- 
chase metals, minerals, or other materials 
by the U.S. Department of Defense..." The 
General Services Administration (GSA) sec- 
tion of the Continuing Resolution desig- 
nates $185 million, in addition to amounts 
previously appropriated, to the National 
Defense Stockpile Transaction Fund. A 
*Buy America" clause was included in the 
GSA appropriation requiring that none of 
the funds be used to purchase any stockpile 
materials not mined and refined in the 
United States, other than those not current- 
ly mined and refined in the United States or 
not available in quantities sufficient to 
fulfill the requirements of the Federal 
Emergency Management Agency. Second, 
the Department of Defense Authorization 
Act gives authority to the President to 
dispose of 19 materials currently held in the 
National Defense Stockpile that have been 
determined to be excess. These include 
20,000 metric tons of tin, 225 metric tons of 
mercuric oxide, 10 million troy ounces of 
silver, 2,880 metric tons of antimony, 
262,800 metric dry tons of metallurgical- 
grade manganese, and 1,080 metric tons of 
tungsten. No time limit was set for the 
disposal, as the effect of such sales on 
markets must first be considered. The act 
also requires the President to submit a 
report analyzing the appropriateness of 
placing all aspects of the stockpile under a 
single authority and the adequacy of exist- 
ing legal authority for barter of surplus and 
excess materials. In addition, the act calls 
for 30% of all fiscal year 1985 money ac- 
cruing from the naval petroleum and oil 
shale reserves to be credited to the National 
Defense Stockpile Transaction Fund. 

The Trade and Tariff Act of 1984 was 
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adopted by the House and Senate and sign- 
ed into law in October. In response to the 
President's decision not to impose counter- 
vailing duties or restrict quotas on imported 
copper and steel goods, the law, in a non- 
binding “sense of Congress" suggestion, in- 
structs the Administration to negotiate vol- 
untary copper import reductions with major 
foreign producers. It also requests the Presi- 
dent to reduce steel imports to between 17% 
and 20.2% of the U.S. market, and gives the 
President authority to enforce restraints on 
steel imports. This authority is linked to the 
steelmakers’ commitment aimed at modern- 
izing operations and retraining workers. It 
requires that “substantially all" the steel- 
makers’ net cash flow be reinvested in 
equipment and modernization with 1% of 


the net cash flow for worker retraining 


programs. The President is also given the 
power to negotiate free trade arrangements 
with any country or group of countries if 
Congress gives advance approval of the 
negotiations. Both Houses of Congress, how- 
ever, would have to approve the agreement. 

Exploration.—Federal agencies continue 
to gather more on-site information on ma- 
rine mineral deposits, largely as the result 
of the 1983 Presidential Proclamation of an 
Exclusive Economic Zone (EEZ). The efforts, 
conducted cooperatively by the U.S. Geolog- 
ical Survey (USGS) and National Oceanic 
and Atmospheric Administration have been 
focused on the polymetallic sulfide (PMS) 
deposits off the California-Oregon coast. 
The USGS has also collaborated with the 
State of Hawaii and the Federal Republic of 
Germany in assessing the cobalt-rich, man- 
ganese oxide pavement-like deposits south 
of the Hawaiian Archipelago. In support of 
these efforts, the Bureau of Mines has 
intensified its studies on the metallic con- 
centrations in samples of offshore minerals 
such as the PMS deposits, the evaluation of 
extractive techniques, and the determina- 
tion of engineering properties of pavement 
samples. Thus far, most of the exploratory 
work has been conducted under U.S. Gov- 
ernment sponsorship with the present goals 
of locating and mapping the deposits and 
adding data to the body of scientific knowl- 
edge. None of the work thus far has been 
aimed at deposit delineation for tonnage 
and ore grade factors that would be neces- 
sary precursors to mining. Furthermore, 
commercial mining systems have not been 
developed to mine these kinds of deposits. 
Therefore, the likelihood is that future 
efforts will continue to focus on gathering 


more information on location and composi- 
tion of known deposit. areas, exploration for 
new areas, improvement of sampling tech- 
niques, and planning of mining scenarios. 
New exploratory, side-scan sonar tools are 
now in vogue, such as the SeaMARC, Sea 
Beam, and GLORIA systems that are able 
to provide considerable seafloor detail. The 
USGS's EEZ-SCAN program utilizes GLO- 
RIA, for example, to detect features less 
than 1-foot high separated by only 135 feet 
normal to or 300 feet parallel to ship 
direction.* | 
Although mineral exploration is clearly a 
critical factor in mining, it is a high-risk 
venture where chance often plays a lead 
role. As such it tends to become an early 
casualty of slowdowns in the economy that 
affect the metals market. Nevertheless, 
good management leadership in the timing 
of exploration activity and control of its 
high costs can make the difference between 
success and failure, and recognition and use 
of technological advancements in explora- 
tion tools can improve the quality of explo- 
ration. As a case in point, aeromagnetic 
surveying was the bright spot in mineral 
exploration in 1984, aided by new surveying 
tools and techniques. E G and G Geomet- 
rics reported increased use of the horizontal 
aeromagnetic gradiometer for small, localiz- 
ed “‘bull’s-eye” type deposits. The company 
uses three magnetic sensors per aircraft to 
provide better total field delineation be- 
tween flight lines than does one sensor. In 
addition, the company has developed a 
method of producing vertical gradient maps 
from airborne horizontal gradiometer data, 
utilizing transverse and longitudinal gradi- 
ent data to calculate the maps. 
Development.—The ever important need 
for cost effectiveness in mining was noted in 
1983 for its growing importance to this 
phase of mining. Foreign mining companies 


also have been seeking ways to minimize 


development costs, which may have applica- 
tion to the domestic industry. For example, 
in the Republic of South Africa, a handheld 
drill has been developed for use in hard 
rock that incorporates a completely new 
engineering technology and has the poten- 
tial to improve productivity significantly.* 
The drill is hydraulically operated and is 
particularly effective in highly fractured 
and stressed rocks. For example, 55 holes 
per drill crew per shift were completed with 
20 to 25 hydraulic drills operating on a 
2, 700-foot face. This compares favorably 
with an industry average of only 30 holes 
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using pneumatic drills. With a powering 
medium of 95% water and 5% lubricants to 
avoid contamination costs, the drill con- 
sumes only a fraction of the electrical ener- 
gy needed by pneumatic drills to do an 
equivalent amount of work, and it can be 
repaired and serviced quickly by personnel 
without high technical skills. In addition, 
the hydraulic drill is much quieter and 
provides better visibility at the rock face 
since it does not produce the fog associated 
with the use of compressed air. Several 
drills can be connected to a centralized 
power generation plant located away from 
the face, allowing easier maintenance, less 
stringent engineering requirement, and 
greater control over fluid filtration. 

The recent recession (1980-82) from 
which the world economy is recovering, 
continues to exert an adverse effect on the 
mining industry through a flat or decreas- 
ing demand for minerals. During periods 
such as this, mine development becomes 
secondary to simply staying in business, and 
companies are more concerned with elimi- 
nation of unprofitable operations. Since 
mine development costs traditionally have 
involved financing by commercial banks, 
loan portfolios have generally looked good, 
but now there is much less demand for 
financing projects involving iron and cop- 
per, for example, and to a lesser extent gold 


and silver. Still, as depletion of reserves 


continues, and with major exploration at 
low levels, a backlog of new projects is 
awaiting development. These projects are 
being scrutinized carefully, particularly 
where newer technologies could be involv- 
ed. These technologies could be expected to 
require more detailed pilot testing or even 
performance bonds, which will add to devel- 
opment costs. Hence, successfully financed 
development projects will be those that are 
well conceived and have high economic 
potential. 

Interest in development of precious metal 
mines continues the trend reported in 1983. 
Golden Sunlight Mines Inc. has been ex- 
panding its pit operation in a low grade, 
gold mineralized breccia pipe near Butte, 
MT.* With reserves estimated at 25.8 mil- 
lion tons, an average grade of 0.05 troy 
ounce of gold per ton, and a cutoff grade of 
0.02 troy ounce per ton, the company antici- 
pates a recovery of 72,000 troy ounces per 
year. The mine.design for the deepened pit 
involved a 2-to-1 strip ratio to reach 550 feet 
below a lower bench in the ore. Since the 
ore is of uniform grade, bulk or mass 
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mining will be the likely method of remov- 
ing the ore. This arrangement provides a 
net energy saving because of the downhill 
haul for loaded trucks over much of the 
mine's expected lifetime. Development costs 
were held to less than two-thirds of budget 
because of reduced interest rates, relatively 
low inflation rates, competitive bidding by 
contractors, and excellent project design 
and construction management. 

Numerous other reports of advances in 
drilling technology have added to the trend 
toward more efficiency in development sys- 
tems. A new drill design was introduced at 
the Magmont Mine in the lead belt of 
southeastern Missouri. Mine management 
switched to a more cost effective, highly 
efficient pneumatic drill, the PR-1000 
Drifter.“ Three drifters were fitted to a 
Universal III Jumbo in hopes of increasing 
productivity. Since compressor stations and 
pneumatic systems were already in place in 
the mine for use with older model, Jumbo- 
mounted pneumatic drills, management de- 
cided to hold its equipment upgrading costs 
to a minimum by acquiring the latest tech- 
nological advances in pneumatic drills. The 
new drills proved to be better, because they 
increased total footage per shift by 31%, 
from 3,200 to 4,200 feet, a new mine record 
high for one shift. 

Another drill design was developed,“ test- 
ed, ahd marketed by Tround International 
Inc. of New Jersey. Known as the Tround 


Blast Hole Drilling System, the system 


incorporates a conventional drill with an 
innovative combination of a 3-barrel gun 
magazine, power unit, and controls, all 
sealed and self-contained in a drill collar. 
The system was designed to enhance con- 
ventional drill penetration through hard 
rock by firing continuous salvos of ceramic 
projectiles from a magazine containing up 
to 6,000 projectiles. Projectiles are fired at 
microsecond intervals to induce stress wave 
interactions that damage the rock and cre- 
ate fractures up to 20 inches beyond the bit. 
The operator controls the rate of fire, and 
with a full magazine can add an estimated 
1,000 to 1,500 feet of rock drilling capability. 
Since the conventional drill operates in 
rock prefractured by projectiles, drilling 
rates are increased, and bit wear and drill- 
ing costs are reduced, resulting in increased 
productivity. The system has been tested 
successfully in both hard and soft rocks, and 
when the drill penetrates soft rock, the 
projectile gun can be shut down so that the 
conventional drill can still penetrate the 
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rock but in a less expensive, energy conserv- 
ing manner. Tround has an air drilling 
version of the system with 9-7/8- and 15- 
inch bit sizes already on the market. 

New bit designs have been introduced by 
Atlas Copco to improve drilling efficiencies 
in abrasive and nonabrasive rock for down- 
the-hole drilling of blastholes, waterwells, 
etc. The bits feature redesigned sludge 
grooves to enhance uniform flushing. This 
feature is particularly attractive for use in 
high-pressure drilling, since it reduces bit 
Steel erosion caused by high-velocity cut- 
tings. Another feature is the redesigned 
button pattern that improves rock frag- 
mentation, reduces bit stress, and promotes 
smoother running. Finally, the grade of bit 
Steel has been improved to give greater 
button support and shank strength, thus 
lowering replacement costs associated with 
button failure and fatigue cracking in the 
shank. 

Two handbooks on drilling technology 
published by Tamrock of Finland are being 
touted as valuable additions to libraries of 
managers and engineers involved with un- 
derground and surface excavations.” One 
of them, the "Handbook of Underground 
Drilling," covers the latest technology on 
drifting, tunneling, mining methods, shaft 
sinking, raise drilling, and rock scaling. The 
other, the "Handbook of Surface Drilling 
and Blasting," covers the latest surface 
drilling patterns, blasting practices, and 
blast planning and design. According to the 
handbooks, the use of hydraulics on drills 
and rigs has revolutionized the state of the 
art in rock drilling. Entire mining systems 
are now designed to take advantage of the 
development capabilities and productivity 
improvements afforded by modern, high- 
capacity, small- and large-diameter rock 
drills. Such drill systems are fast, efficient, 
and pose a challenge to mine operators to 
make maximum use of the time that the 
systems are mechanically available. 

A dragline larger than the Ransomes and 
Rapier W2000 unit that was reported last 
year has been assembled at Saskatchewan 
Power Corp.'s Popular River Mine, continu- 
ing a trend to ever larger units in dragline 
technology. This unit, the Bucyrus-Erie 
2570-W, has a 400-foot boom and a suspend- 
ed load capacity of 126 tons. Featuring a 
195-foot mast, it has an effective operating 
radius of 382 feet, a digging depth of 160 
feet, and a dumping height of 150 feet. The 
dragline exceeds the W2000's boom length 
by 87 feet and its operating radius by 116 


feet. Mine operators can move overburden 
greater distances from greater depths than 
before with the unit, thus increasing effi- 
ciency while holding overburden removal 
costs to a minimum. 

John Deere Inc. claims that “bigger is not 
always better." Some users and manufac- 
turers believe that smaller machines rather 
than larger ones can cut earthmoving 
costs.!° This belief is particularly appropri- 
ate in open pit development where overbur- 
den removal costs can make or break a 
developing mine. With  ever-increasing 
prices for earthmoving equipment, mine 
managers are seeking ways to hold their 
expenditures in-line while maintaining effi- 
cient operations. As an alternative to larger 
units that move massive amounts of materi- 
al, a company representative recommends 
downsizing units to smaller, less expensive 
ones while adding some extra workers. 
Overall costs then can be held in check, 
since labor rates are not increasing as fast 
as equipment prices. In addition, smaller 
units of support equipment such as bulldoz- 
ers, scrapers, and wheel tractors. should 
make up to one-third of the earthmoving 
equipment used in smaller tasks, because 
their operational costs become insignificant 
in comparison with those of major units 
pulled off the production hne to do smaller 
tasks. 

Underground Mining.—Sunshine Mining 
Co.'s Sixteen-to-One Mine in Nevada's Sil- 
ver Peak Mountains is an example of a 
highly efficient underground mine that has 
adapted mass mining to a small ore body.!! 
The ore body was originally developed as a 
spiral and ramp operation, and the adapta- 
tion is a variation of vertical crater retreat 
and end slicing that significantly reduces 
labor requirements and enables Sunshine to 
operate profitably its first active project 
outside its famous mine in the Coeur 
d'Alene district. Vertical slices of ore are 
removed by drilling and blasting between 
sublevels into voids created by previous 
blasts. The fragmented ore is then removed 
from drawpoints at the bottom of the ore 
body. Explosive charges are placed near the 
collars of large-diameter holes, which crater 
out to the nearest face when shot. Perime- 
ter holes are then shot into the craters to 
square up the new face. This sequence of 
operation is an equipment-intensive stoping 
method usually employed at much larger, 
multithousand-ton-per-day operations, but 
Sunshine has found that it can be applied 
successfully to a small mine in a remote 
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location, as in the case of the Sixteen-to-One 
Mine. The company draws further benefit 
from a favorable precious metals market, 
since the mine produces about 1 million 
troy ounces per year of silver and 8,500 troy 
ounces per year of gold. 

Continuous Mining Systems Ltd. (CMS) of 
Canada considers bulk mining methods to 
be more efficient, productive, and safer 
than other methods.: The equipment asso- 
ciated with such methods can convert hard- 
rock operations into a new generation of 
hard-rock mining equipment. For example, 
a down-the-hole drill enables less efficient 
cut-and-fill and under-and-fill stopes to be 
replaced with vertical crater retreat min- 
ing, thereby expanding use of large-diam- 
eter drilling for the bulk mining method. 
For example, an electrically operated, 
continuous-loading machine with a tight 
turning radius can replace a conventional 
underground loader, increasing by tenfold 
the muck handling capability. The machine 
has a patented oscillating lip to agitate the 
muckpile and feed a high-capacity (1,000 
tons per hour) conveyor. In addition, a 
battery-powered, remote-controlled under- 
ground locomotive can be used to operate 
the haulage equipment, and is capable of 
delivering power for 16 hours. Finally, a 
new generation drill fitted with a micro- 
processor allows the dril to be operated 
unattended, and all rig functions are auto- 
mated. Since the drill has a low profile, it 
can be moved through small openings, as is 
often necessary when converting pillars 
from under-and-fill to a bulk mining meth- 
od. The CMS bulk mining method was in- 
troduced this year with initial production 
anticipated before yearend. 

A radically redesigned drill rig has been 
developed for use in underground mining by 
Tamrock of Finland. Named Solo H8O8RA, 
the rig is applicable to most longhole drill- 
ing operations including vertical crater 
retreat, underground benching, and sublev- 
el, open stoping.'* The rig is considered to 
be competitive with in-the-hole and rotary 
drills, leading a trend to longer and larger 
holes in underground mining. Solo H808RA 
with its hydraulic drifter is considered to be 
the most powerful longhole percussive rock 
drill in the world. It can produce holes 5 to 6 
inches in diameter routinely at lengths up 
to 150 feet, and even lengths up to 300 feet 
while consuming energy at amounts only a 
quarter of those required for in-the-hole 
drilling. The rig has improved ergonomic 
features such as orientation of the feed and 
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drifter to face the operator's cabin so that 
the operator's functions, including mechan- 
ized rod changing, are performed from un- 
der the protection of a safety cabin or 
canopy. Other features include the special 
lights to identify reference lines painted on 
drift walls for alignment purposes, an accu- 
rate positioning capability aided by angle 
indicators on the boom and feed, and a 
patented alignment system to ensure accu- 
rate and straight longholes. Rig stability is 
enhanced during drilling as the front frame 
is used as a stabilizer. 

A method for cutting deep slots in hard 
rock has been developed by the Bureau of 
Mines as part of its research to selectively 
mine ore from surrounding waste rock in 
underground mines. Cutting is achieved by 
means of a collimated water-et system 
operated at a moderate pressure of 10,000 
pounds per square inch. The jet system 
includes an abrasive entrainment assembly 
and a traversing system mounted on a drill 
carrier that permits the jet to traverse 
along a rock surface at standoff distances 
up to 4 feet from the nozzle. The jet retains 
its cutting ability through the range of 
distances, thus allowing the cutter head to 
follow into a kerf and extend the depth of 
cut. The range of distances is achieved by 
advancing the collimating pipe into the cut 
to increase the depth of cut; kerfs as deep as 
4 feet have been cut in dolomite, limestone, 
granite, and other hard rocks. The method 
was tested at Vetter Stone Co.'s quarry in 
Kasota, MN, where a 12- by 30- by 33-inch 
block of dolomite was cut from a bench. The 
rock was then removed by wedging the 
block out between parallel cuts. 

Surface Mining.—Computer-based pro- 
duction control systems are gaining recogni- 
tion for their efficiency in quarrying oper- 
ations. Genstar Stone Products Co. has 
doubled capacity at its Frederick, MD, plant 
by regulating a $12 million expansion with 
a programmable controller.“ The principal 
components of the expansion included a 
new primary crusher, a new feed system for 
the original plant, a secondary-tertiary cir- 
cuit, a 12-cubic-yard hydraulic shovel, and a 
new electrical distribution system. As the 
result of this expansion, output has risen 
from 450 to over 1,000 tons per hour. The 
controller, assisted by 110 new motors and 
60 miles of wiring to operate the screening 
and conveying systems, is also used to 
regulate the plant's complex interlock sys- 
tem and the process control system, an 
approach new to the field of aggregate 
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processing. From the time quarry material 
leaves the haulage trucks, passes through 
the various crushing units and emerges in 
finished product piles, its flow is regulated 
by the controller. The resulting piles consist 
of sized materials ranging from small rip- 
rap (4 by 7 inches) to minus 1/4 inch. 
Altogether, the expansion has resulted in a 
highly productive and cost effective crushed 
stone operation. 

Another application of computer-based 
production control systems involved earth- 
moving equipment. The type of application 
is termed “mechatronics,” by Komatsu Ltd., 
and is the merging of mechanical and 
electronic technologies to get the most bene- 
ficial effects of both. For example, new 
generation excavators such as front-end 
loaders can have add-on sensors that relay 
information to microprocessors for making 
instantaneous operational decisions and 
monitoring precise operational control. 
Three major benefits of these systems are 
improved safety warning response, fuel effi- 
ciency, and ease of operation. Komatsu’s 
largest front-end loader, the PC 1500, incor- 
porates mechatronics capabilities. Its hy- 
draulic system is controlled by a microproc- 
essor; sensors on the bucket, arm, and boom 
relay information about their movement to 
the microprocessor, which activates only 
that pump capacity needed for a given task. 
This feature has resulted in an energy 
savings of as much as 23% and component 
life is extended. To illustrate this point, the 
positions of pistons in hydraulic cylinders 
are monitored by sensors feeding informa- 
tion to the microprocessor. This arrange- 
ment ensures that movement is automati- 
cally slowed gently as the pistons reach the 
end of strokes, and the resulting cushioning 
effect reduces wear and extends piston life. 

Numerous advances have been reported 
this year in crushing operations. Kone Corp. 
introduced a new line of primary "BML- 


Jaw" crushers with a cost-saving geometry 


combining the best features of Blake and 
single-toggle crushers.'* Single-toggle crush- 
ing action in the upper part of the jaw cuts 
blockages and production stoppages to a 
minimum, and permits effective crushing of 
relatively large blocks of rock. The Blake- 
type crushing action in the middle and 
lower part of the jaw is achieved by a 
perpendicular stroke against the fixed jaw, 
resulting in purely compressive crushing 
that minimizes jaw wear and power wast- 
age. The two crushing actions are oriented 
in such a way that machine forces are 
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small, allowing use of lightweight supports, 
which lower investment costs. 

Newpoint Stone Co. of New Point, IN, 
solved its problem of oversized fragments of 
dolomitic limestone by installing a Kue-Ken 
4860 oversize, primary jaw crusher.“ Prior 
to installation, the company was continual- 
ly troubled with oversized fragments due to 
geological structures that did not allow the 
stone to be shot small enough to fit into the 
preexisting crusher. The thickness of the 
limestone ledges made shooting difficult, 
causing the stone to break into thick slabs. 
The crusher is operated at 600 tons per hour 
to produce 5-1/2-inch fragments, but if a 
greater throughput were needed, the dis- 
charge size could be increased until the 
crusher reached about 1,200 tons per hour. 
The crusher has enabled the company to 
cope with oversized fragments and increase 
production, even though it exceeds the ca- 
pacity of the secondary plant. To compen- 
sate for this imbalance, the company allows 
the surge pile to be built up to 5,000 tons, 
and then the crew is shifted from the 
crusher to the plant. Thus, crushed stone 
products are produced with one-half the 
labor that would normally be required if the 
entire plant were operating with a full 
crew, and as an added benefit, the electrical 
cost is halved when starting up the plant. 

In another example of advances in crush- 
ing operations, Chemical Line Co. has 
switched to an in-pit crushing-system and 
an overland conveyor in its limestone quar- 
ry at Clifton, TX. s This system replaces an 
all-truck haulage transport system, and as a 
result, diesel fuel costs have been reduced 
by one-half, production has tripled, and 
truck maintenance has been significantly 
reduced. Still another instance of reduced 
costs from changes in crusher operation 
occurred at the Crawford Quarry near Ce- 
dar Rapids, IA. A 5165 impact primary 
crusher, grizzly feeder, and hopper were set 
on the first level of the quarry and fed from 
the top. This arrangement permitted short- 
er truck hauls and cycle times resulting in 
more loads per day. In addition, fewer 
trucks and drivers were needed to keep the 
surge bins full. 

Rock cutting methods are becoming more 
diversified in the quarrying industry. Ver- 
meer Manufacturing Co. of Pella, IA, devel- 
oped a rock cutter machine, the T-600, for 
use in Weber Stone Co.'s limestone quarry 
at Anamosa, IA.» Although an experimen- 
tal machine in the 1970's, the T-600 soon 
proved its worth by dramatically increasing 
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the amount of salable stone. Since it re- 
places the drilling and blasting cycle at the 
quarry, there is much less damage to good 
rock material. In actual operation, a car- 
bide-tipped cutting wheel penetrates a layer 
of limestone to depths of 33 inches while an 
indicator aids in maintaining a constant 
depth of cut. The cut width of 4 inches 
creates minimal waste, and along with elim- 
ination of drilling and blasting, the compa- 
ny has realized a cost savings of almost 5096 
in labor and materials. Before using the T- 
600, the longest slabs that could be quarried 
were 8 feet, whereas 15 foot slabs are now 
commonplace. 

Mine management continues to take a 
close look at truck haulage over a variety of 
mining situations in efforts to cut costs. 
Truck haulage of ore and waste from pits 
continues to be the dominant method of 
transport, because trucks are flexible 
enough to negotiate tight, narrow roadways 
and can climb relatively steep road grades. 
However, trucks account for one-half of all 
mining costs, and as pits are deepened and 
haul roads lengthened, mine operators are 
seeking ways to improve haulage efficiency 
or else use other less costly transport alter- 
natives. Reserve Mining Co. has looked at 
truck haulage and devised a computer- 
controlled Mine Management System at its 
Peter Mitchell iron ore mine near Babbitt, 
MN. Phase one of the system automatical- 
ly dispatches trucks and provides operating 
Statistics for adjusting dispatch intervals, 
thus reducing haulage costs by 17%. Phase 
2 of the system is being developed to moni- 
tor the operational status of key equipment 
units such as haul trucks and other work- 
related activities. The system applies com- 
munication and data processing technology 
to gather and ‘utilize data for generating 
messages that maintain an optimal equip- 
ment movement pattern throughout the 
mine. Such an approach was found to be the 
most cost-effective method to reduce waste 
motion and idle time and to redirect efforts 
toward greater resource utilization and 
more meaningful work. 

Continuous belt haulage (CBH) systems 
have been scrutinized by mine manage- 
ment, and improvements in mining efficien- 
cy have been made with a combination 
mine-run-rock conveyor (MRRO) and a high- 
angle conveyor (HAC).*! This combination is 
applicable to surface and underground min- 
ing, and is a viable alternative to the usual 
materials transport method of using large 
haul trucks. The Bureau of Mines also 
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examined conveyor systems and completed 
a study of HAC applications, including such 
variations as the “Snake Sandwich," me- 
chanically pressed conveyors, and MRRC 
applications including crib-and-cable de- 
signs. HAC's are more compact, mobile, and 
flexible than conventional out-of-pit convey- 
ing systems. The MRRC crib-and-cable sys- 
tem has demonstrated its mechanical feasi- 
bility, and CBH systems offer several impor- 
tant advantages over truck haulage in 
terms of cost cutting and mining efficiency. 
They include a more stable source of fuel 
(electricity versus diesel fuel) longer life, 
lower maintenance costs, greater efficiency 
in elevating materials from pit depths, and 
less excavation along pit slopes. 

Duval Corp.s Sierrita open pit copper 
mine estimated a savings of $8 to $10 
million per year in truck haulage costs by 
using a large-scale portable crusher and an 
extra long mainline conveyor instead of 
trucks. The conveyor is equipped with port- 
able, extendable, drive stations that propel 
the 152-centimeter-wide  Flexsteel Belt 
along at a capacity of 4,536 tons per hour 
over a distance of 4 miles. This distance 
extends from the pit to the ore stockpile, 
and as the pit is deepened, the conveyor will 
be extended to follow the crusher, continu- 
ing the savings on haulage costs. 

Front dump loaders have been around for 
many years, but they are taking on added 
importance because of a recent shovel modi- 
fication. An automatic three-way loader 
attachment, the LIBU-AB, has been devel- 
oped for rapid attachment in the field. The 
attachment enables conversion of front- 
dump loaders to side-dump loaders with 
capacities from 1 to 10 cubic meters. Nu- 
merous economic advantages of this conver- 
sion include shorter travel distances with 
the loading cycle, reduced tire wear and 
fuel consumption, and faster cycle times. In 
some instances, the side-dump loaders have 
increased loading capacity up to one-third 
more and reduced loading costs by one-half 
on a cost-per-ton basis. 

Precious metals such as gold and silver 
have enjoyed a reasonably favorable mar- 


‘ket, continuing the trend from 1988. As. 


evidence of this trend, gold placer deposits 
in Yuba County, CA, have been undergoing 
a revival; participants include Placer Ser- 
vice Corp. and Yuba Natural Resources. 
Redredging of older dredge sites is taking 
place with dredges modified to excavate 
greater depths. For example, the Yuba 21 
bucketline dredge can'now excavate allu- 
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vium to 140 feet below pond level, is ranked 
as one of the deepest onshore bucketline 
dredges in the Western World, and is the 
only gold mining dredge in the lower 48 
States. Modification is being planned for 
another dredge, the Yuba 17, to reach 175 
feet. Yuba 21 operates in an overall mining 
plan that includes conventional front-end 
loader stripping of 80-foot overburden tails 
from previous dredging and a 2,000-foot 
overland segmented conveyor to support the 
stripping work. Productive mining is 
enhanced by the plan, since the dredge is 
not required to handle overburden or pre- 
viously processed, barren alluvium; the re- 
sult is a more cost-effective operation. 

Heap leaching continues to be regarded 
as a viable economic alternative to other 
more costly ways of mining precious metals, 
following the example reported last year at 
Nerco Minerals Co.’s Candelaria Mine. In 
the present example, Vanderbilt Gold 
Corp.’s Morning Star Mine in San Bernardi- 
no County, CA, is being converted from an 
underground operation to an open pit, heap 
leach operation.* An estimated 1 million 
tons of overburden is being removed to 
expose 700,000 tons of gold ore for the heap- 
leaching process. Leach pads are also being 
constructed with a total capacity for han- 
dling 2 million tons of ore. The conversion 
plan involves placement of 100,000 tons of 
ore in the pads. The company considers the 
ore as composed of richer grades averaging 
0.06 ounce per ton and leaner grades aver- 
aging between 0.03 and 0.04 ounce per ton. 
The gold-bearing ore extends into adjacent 
properties held by the company that repre- 
sent long-term prospects for future develop- 
ment and continued use of heap leaching. 

Remote Mining.—Remote mining is in- 
troduced as a new title for trends and 
accomplishments that heretofore were as- 
signed to a section entitled “In Situ Min- 
ing.” The new title involves those kinds of 
mining methods that do not place miners 
underground, that do not require removal 
of overburden, and that involve physical 
separation of the miners from the ore body. 
Remote mining is normally accomplished 
through a borehole containing appropriate 
piping and fluids that are associated with 
such specific methods as in situ leach min- 
ing, solution mining, hydraulic mining, 
slurry mining, and water-jet mining. Re- 
naming of this section thus serves the 
purpose of emphasizing the diversity of 
remote mining methods. 

The Bureau of Mines has completed study 
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of a mining method in which a water-jet 
cutter is combined with a downhole slurry. 
pump to mine phosphate in northeastern 
Florida. The study, a cooperative venture 
with Agrico Mining Co. of St. Johns County, 
was aimed at converting untapped phos- 
phate resources into recoverable ‘reserves 
with a minimum of environmental dam- 
age. The method utilizes a single bore- 
hole drilled from the surface into which a 
tool is inserted with openings for water jets. 
The jets break up the ore into a slurry, 
which flows into a pump inlet for. lifting: to 
the surface and into a pipeline for transfer . 
to a mill. About 1,700 tons of phosphate was 
mined by this method at a rate of 26 tons 
per hour from a depth of 250 feet. Roof 
support for the resulting cavity was han- 
dled initially by water from the jet system 
that filled the cavity and provided hydro- 
static head to keep the roof from collapsing. 
After mining, the cavities were backfilled 
with sand to provide long-term support and 
inhibit ground subsidence. As the result of 
this venture, Agrico is planning pilot-scale 
tests in 1985 to determine commercial feasi- 
bility. 

The Bureau of Mines and Westinghouse 
Electric Corp. have devised a cooperative 
test program to promote the advantages of 
in situ leach mining and to investigate its 
applicability to a variety of mineral depos- 
its. Program work this year involved. an 
evaluation of the effectiveness of a well 
integrity system to locate leaks in the 
leaching system piping. The test work, com- 
pleted in 43 well stations at the Irigaray 
uranium mine near Buffalo, WY, showed 
the system to be faster to operate and with 
fewer personnel than earlier leak-detecting 
systems. The faster leaks could be detected, 
the faster they could be repaired to main- 
tain leaching efficiency, and only one opera- 
tor was needed to test four wells in a day. 

As an additional part of its research in 
remote mining methods, the Bureau of 
Mines has developed up-to-date, computer- 
based bibliographies on various techniques 
in in situ leach mining and solution mining. 
The bibliography on in situ leach mining 
covers those metal-bearing ores amenable 
to leaching, and the bibliography on solu- 
tion mining covers nonmetallic deposits 
such as trona, potash, and rock salt that are 
amenable to dissolution. In addition to cita- 
tion of publications, each bibliography in- 
cludes patent references, and any reference 
can be retrieved by use of one or more key 
words in common usage throughout the 
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mining industry. Included as key words are 
such terms as well construction, fluid flow, 
restoration, explosive fragmentation, specif- 
ic metals, and geologic factors. 

Leach solution flow through ore-bearing 
rock is often difficult to maintain in in situ 
leach mining, and the Bureau of Mines has 
been investigating ways to minimize this 
difficulty. A report completed on the inves- 
tigation indicates that treatment of ore 
material with the proper stabilizing poly- 
mer can maintain permeability levels two 
to five times that of untreated ore.?* Swell- 
ing and dispersion of clay particles were 
found to be the chief culprits in permeabili- 
ty reduction during leaching, and their 
effects can be substantially reduced by the 
polymers. 

Beneficiation.—The economic pressures 
of the international marketplace have 
forced innovative, cost-reducing improve- 
ments in existing beneficiation technology. 
For example, angular spiral liners? for 
grate discharge ball mills are proving to be 
extremely important in commercial grind- 
ing circuits. When placed in service at the 
San Manuel, AZ, concentrator of Magma 
Copper Co., grinding medium consumption 
decreased by 19% and grinding energy con- 
sumption decreased by 16%. Similar sav- 
ings were obtained after installation in the 
Corporación Nacional del Cobre de Chile 
mills. These are substantial savings in the 
two highest cost areas of mineral benefi- 
ciation—energy and grinding medium con- 
sumption. 

Further savings have resulted from im- 
proved understanding of the mechanisms of 
grinding medium loss. Grinding media 
(balls, rods, and mill liners) are consumed 
through abrasion, corrosion, and fracture. 
Research has shown that the relative con- 
tribution of each of these factors depends on 
the metallurgical properties of the medium 
(usually steel), the type of ore being ground, 
and the grinding conditions (wet or dry). 
Abrasive wear is influenced by the rheologi- 
cal properties of the ore slurry and is the 
dominant mechanism in the absence of 
sulfide minerals. If sulfides are present, 
electrochemical reactions between the sul- 
fide mineral and the grinding steel in- 
creases the corrosive wear. The electro- 
chemical reactions also dissolve metal ions 
into solutions, reducing the efficiency of 
subsequent flotation steps, creating an 
environmental problem in effluent disposal, 
and affecting water recyclability. As a re- 
sult, research into grinding medium wear 
and the development of methods to reduce 
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wear are also helping to reduce other pro- 
duction and environmental costs. 

Increasing use is being made of advanced 
process control technology in grinding cir- 
cuits. This use is largely the result of bet- 
ter on-line instrumentation for measuring 
process variables and a better understand- 
ing of the effects of these variables on 
process behavior. The ability to automati- 
cally compensate for variations in ore feed 
reduces overgrinding, which notoriously 
wastes energy and creates an excessive 
quantity of fine particles. Mineral fines 
often contain lost metal values that inter- 
fere with subsequent separations and create 
additional environmental costs. Before 
state-of-the-art computerized process con- 
trol can be fully utilized, methods such as 
image analysis are needed to obtain min- 
eral-specific on-line particulate data and 
classification of grind mill output with re- 
spect to mineral as well as particle size. 
Mineral-specific classification based on the 
data would then enable the removal of a 
mineral as soon as it is liberated, whether 
or not it has been reduced to a particular 
size. One method of mineral classification 
being evaluated involves placement of a 
flotation cell into the grinder output just 
ahead of the hydrocyclone size classifier. 
This method results in improved classifica- 
tion efficiency. 

The search for more selective reagents is 
a dominant factor in industrial flotation 
research, because of their high production 
costs. The domestic minerals industry uses 
about $150 million worth of flotation re- 
agents annually?" Even if the research 
produces a reagent suite that makes only a 
1% improvement in recovery, the addition- 
al income generated can more than offset 
the total reagent cost.” Such an improve- 
ment makes flotation reagent research a 
continuing endeavor. The first comprehen- 
sive conference devoted exclusively to min- 
eral processing reagents, “Reagents in the 
Minerals Industry," was held in Rome, 
Italy, in September 1984, attesting to their 
importance. Normally, after laboratory 
studies are complete, new reagents must be 
tested on actual equipment in order to 
determine economic viability, and it is this 
development area that is often prohibitively 
expensive for the small operator. Custom- 
designed reagents are generally made by 
chemical companies only for the larger 
deposits where the costs of research are 
small in comparison to the size of the 
market. 
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Column flotation cells, developed almost 
20 years ago, are becoming more common in 
flotation plants. Improved efficiency over a 
wider particle size range and higher capaci- 
ty per unit volume are the principal reasons 
for this increased usage.?? Key to the broad- 
er particle size range is the ability to 
generate ultrafine bubbles by aspirating gas 
into surface tension-lowered water under 
extremely high shear forces. 

Automatic control is being applied to 
more and more flotation concentrators,** 
even though fully automatic control using 
advanced computer technology has yet to be 
realized. Remaining problems include lack 
of appropriate sensors and a sufficiently 
detailed model of the processes being con- 
trolled. The most important sensor in cur- 
rent flotation control systems is the on- 
stream X-ray analyzer, which provides 
chemical analyses of the metal content of 
process streams. However, mineral content, 
the parameter needed for control, can only 
be inferred from this chemical data, partic- 
ularly if the pulp consists of a complex 
mixture of sulfides. Based on elemental 
analysis alone, it is difficult to distinguish, 
for example, between chalcocite (CuS,), cu- 


banite (CuFe;S;), chalcopyrite (Cu FeS), and 


pyrite (FeS;). These minerals have very 
different flotation properties that require 
very different variable changes for opti- 
mum flotation. Nevertheless, research con- 
tinues to develop more comprehensive mod- 
els of flotation systems and to identify new 
control parameters to more fully utilize the 
advanced process control technology avail- 
able today. 

External control of electrochemical po- 
tential continues to show promise as a 
method for separating mixtures of sulfide 
minerals.“ The method is especially effec- 
tive for controlling particle interaction with 
organic collectors. For instance, separations 
are achieved in mixes of sulfide minerals 
with different electrochemical potentials 
and collector adsorption levels. This is bas- 
ed on the notion that the electrochemical 
potential of mineral surfaces can be varied 
by adjusting the oxygen partial pressure of 
a closed system. In addition, use of oxygen 
pressure instead of cyanide for mineral 
depression may significantly reduce sub- 
sequent environmental disposal costs and 
reagent loading of subsequent flotation 
stages, thus simplifying sequential separa- 
tion of minerals from complex ores. Flota- 
tion control by oxygen partial pressure is 
currently in the experimental stage, and 


research continues in an effort to transfer 
this technology to actual mineral separa- 
tions. . 

A new dimension has been added to con- 
ventional magnetic separation technology. 
Separation depends on differences in the 
forces exerted on mineral particles by a 
magnetic field owing to differences in inher- 
ent magnetic properties of the minerals. 
Improved particle separating has recently 
been achieved by selective coating of non- 
magnetic minerals or metallic particles 
with colloidal, chemically precipitated mag- 
netite followed by magnetic separation. 
The selective adherence of the coating to a 
particular mineral is obtained by control- 
ling the surface properties of the particles. 
Mixtures that have been separated thus far 
include phosphate-carbonate, quartz-fluo- 
rite, and metallic lead-copper. 

Health and Safety.—Preliminary injury 
statistics compiled by the Mine Safety and 
Health Administration revealed the 1984 
nonfatal injury rate to be 4.81 per 200,000 
employee hours in metal and nonmetal 
mines, close to the 4.86 rate of 1983. The 
fatal injury rate was 0.06, up from 0.05 in 
1983. 

Bureau of Mines reports have been re- 
leased on two advances in the use of radar 
to detect hazardous ground conditions 
ahead of mining. The first is an improve- 
ment of the borehole radar probe (BRP), 
which now can detect the direction of poten- 
tial hazards, not simply their proximity. 
The second is a “synthetic pulse" radar 
(SPR) device for detecting underground 
mining hazards. Both devices are aimed at 
improving the detection of geologic anoma- 
lies such as faults or water-filled cavities 
and a variety of manufactured features that 
could endanger miners at underground 
working faces. The use of radar to spot 
hazardous conditions before they are en- 
countered will allow timely changes in mine 
planning or appropriate safety measures to 
prevent accidents. Although both devices 
were developed for use in coal mines, they 
are just as applicable in metal and nonme- 
tal mines. Their full potential has not yet 
been realized, since an upper limit on pene- 
tration distances is not known. BRP sends 
electromagnetic pulses into rock strata, and 
records and analyzes the reflected waves to 
detect geologic irregularities at distances up 
to 100 feet. SPR sends one frequency at.a 
time into rock strata, and after a series of 
different frequencies have been transmit- 
ted, their response times are synthesized 
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into a reconstructed pulse similar to the 
wave form of short-pulse radar; transmis- 
sion distances in excess of 100 feet have 
been achieved thus far. 

An encapsulated chemical rock splitter 
has been developed by FOSROC Interna- 
tional Ltd. of England for application in the 
mining industry.“ Although breakage from 
pressure induced by chemical hydration has 
been known for some time, the FOSROC 
splitter adds à new feature with its capsu- 
lated form. After soaking in water, the 
splitter is inserted in the drill hole and 
rammed forcibly inward, completely filling 
the hole and maximizing the chemical reac- 
tion's destructive forces. Alternatively, the 
chemical can be used in bulk powder form 
by mixing the powder with water and pour- 
ing down the hole. In either case, the 
splitting technique is useful in mining situ- 
ations where blasting is dangerous, such as 
near transformers or electric cables, since 
the reaction safely fragments rock without 
the danger of flying fragments. 

According to a Bureau of Mines study, 
methane gas hazards exist in a number of 
domestic mines that include Louisiana salt 
mines and Colorado oil shale mines.** Most 
of the salt mines have experienced gas out- 
bursts in face areas during blasting, and 
some oil shale mines have had significant 
methane releases during blasting. Although 
methane emissions in face areas are clearly 
safety hazards, little was known about how 
released methane mixed with air at the 
face, how fast it mixed, or how rapidly its 
concentration was diluted to safe levels as 
the gas cloud traveled away from the face 
and through return airways. The Bureau 
found that a tracer gas, sulfur hexafluoride 
(SF), could shed light on these unknown 
behavior factors. The gas was used to simu- 
late a cloud of methane gas so that down- 
stream concentrations and distances could 
be evaluated. The readings that were ob- 
tained served as the basis for developing 
guidelines to select methane monitor loca- 
tions and to decide where permissible equip- 
ment is needed, thus giving mine operators 
the opportunity to better control potential 
gas hazard problems. 

The Bureau of Mines has developed a 
“roof sounder” device that provides a quan- 
titative measure of roof rock stability in 
underground mines. The age-old qualitative 
method of tapping the roof and listening to 
the pitch of the resulting sound depends on 
a miner's experience to equate pitch with 
some degree of stability, and to accurately 
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repeat the tapping action. The device re- 
places a miner's subjective approach with 
an objective, repeatable numerical measure 
of any instability in the overhead rock. The 
roof sounder operates on the well-known 
notion that unstable rock resonates at lower 
frequencies and for a longer time than does 
stable, solid rock. The sounder is also insen- 
sitive to background noise and nearby min- 
ing equipment, thus adding to the reliabil- 
ity of its readings. Besides providing quanti- 
tative information on roof rock, it offers 
miners additional safety because, unlike the 
currently used tapping method, it allows a 
miner to stand away from the area to be 
tested. 


1Staff en inet Twin Cities pear Center. Statistical 
data compiled by Stephen D. Smith, UE mineral 
data assistant, Division of Ferrous Me 

"Gardner, J. V. Program EEZ-SCAN: A Reconnaissance 
View of the Western U.S. Exclusive Economic Zone. U.S. 
Geol. Surv. Circ. 938, 1984, pp. 125-132. 

SHood, P. Mineral Exploration: Trends and Develop- 
ments in 1984, Can. Min. J., v. 106, No. 1, 1985, pp. 14-41. 

Mining Journal (London). New South African Hydrau- 
17 Boosts Output. V. 303, No. 7778, 1984, pp. 180- 


sWilson, W. W. Changes in Mine Financing Forecast. 
Amer. Min. Cong. J., v. 70, No. 21, Nov. 1984, p 

Dayton, S. H. Golden Sunlight Sheds Warming Rays on 
Placer U.S. Eng. and Min. J., v. 185, No. 7, 1984, pp. 34-36. 

o, Mining and Processing ee Lead/ Zinc Sets 

ith New Drills. V. 9 12, 1984, p. 7 

The Mining Record Co. (Denver). The Mining Record. 
5.1384. 5. 10 the Tround Blast Hole Drilling System. Dec. 

Engineering and Mining Journal. Two Drilling Hand- 
books. V. 185, No. 12, 1984, p. 54. 

1°World Mining Equipment. Ways To Cut Earthmoving 
Costs. June 1984, p. 21. 

Engineering and Mining Journal. Sunshine's New 
Sixteen-to-One ilver Mine. V. 185, No. 5, 1984, pp. 46-50. 

2———. New Machines Designed for Bulk Mining. 
V. 185, No. 12, 1984, p. 56. 
New Drill Rig Is 188, N00 To Provide Un- 
aud Longhole Verai V. 185, No. 3, 1984, p. 111. 
14Robertson, J. L. Expansion Doubles Output. Rock 
Prod., v. 87, No. 5, 1984, pp. 34-37. 

!SPit and Quarry. "Mechatronics"—Emerging High 
Technol for Earth-Moving Equipment? V. 7 775 No. 3, 
1984, pp. 60-62. 

Engineering and Mining Journal. New Crushers Fea- 
ea pena Cost-Saving Geometry. V. 185, No. 3, 1984, 
p 


17Robertson, J. L., and L. Penny. Portable Plants on 
Parade. Rock Prod., v. 87, No. 10, 19 p. 51. 

18Robertson, J. L. In-Pit Crusher Cuts Truck Haul. Rock 
Prod., v. 87, No. 8, 1984, pp. 40-42. 

is pit and Quarry. "Experimental" Mariine Cuts Lime- 
stone and Costs at Weber Stone Quarry. V. 76, No. 12, 


1984, pp. 64-67. 
20Sassos, M. P. Reserve's Mine Management System. 
Eng. and Min J., v. 185, No. 9, 1984, pp. 42-49. 

Frizzell, E. M., and T. W. Martin. Mine- Run-Rock and 
High-Angle Conveyors Increase Mining Efficiences. Min. 
E oe 86, No. 10, 1984, pp. 1407-1412. 

ngineering and Mining Journal. Economic Advan- 
tages Cited for New Loader Attachment. V. 185, No. 6, 
1984, p. 89. 
Lewis, A. (ed). The Comeback of California Placers. 
Eng. and Min. J., v. 185, No. 2, 1984, pp. 36-39. 

North American Gold Mining Industry News (Wilson- 
ville, OR, and Vancouver, British Columbia, Canada). 
Switch to Open Pit of Vanderbilt's Morning Star Advanc- 
ing. V. 2, No. 21, Nov. 9, 1984, p. 10. 

5Savanick, G. A. Borehole Mining of Deep Phos xi 
Ore in St. John's County, Florida. Min. Eng., v. 37, 
1985, pp. 144-148. 

?5Hjelmstad, K. E. Effect of Clay Stabilizers on Perme- 

ability of Clayey Ore. BuMines RI 8902, 1984, 13 pp. 


MINING AND QUARRYING TRENDS 


?7Dopson, G. W., and P. A. Korpi. The ASL System, 
Operation Update 1978-1984. Magma Copper Co., San 
Manuel, AZ; available from G. W. Dopson, Magma Copper 
Co., San Manuel, AZ. 

3éIwasaki, I., K. A. Natarajan, S. C. Riemen, and J. N. 
Orlich. Corrosive and Abrasive Wear in Ore Grinding 
(Proc. Internat. Conf. Wear of Mater., Vancouver, British 
Columbia, Canada, Apr. 14-18, 1985, sponsored by Amer. 
Soc. Mech. Eng.) Elsevier Sequoia, Netherlands, v. 103, 
1985, pp. 253-267. 

39 Adam, K., and I. Iwasaki. Pyrrhotite-Grinding Media 
Interaction and Its Effect on Floatability at Different 
P ppc Potentials. Soc. Eng. AIME, preprint No. 84-9, 


Cooper, F. D. Mining and Quarrying Trends in the 
Metal and Nonmetal Industries. Ch. in BuMines Minerals 
Yearbook 1980, v. 1, p. 34. 

3iCrozier, R. D. Plant Reagents. Part 1: Changing 
Patterns in the Supply of Flotation Reagents. Min. Mag., 


19 


Sept- 1984, p. 202. 
37ipperian, D. E. Charecteristics of Columm Flotation 
Utilizing Aspirated Aeration. Soc. Min. Eng. AIME, pre- 
print No. 84-394, 1984. 

33Wills, B. A. Automatic Control of Flotation. Eng. and 
Min. J., June 1984, p. 62. 

Gebhardt, J. E., N. F. Dewsnap, and P. E. Richardson. 
Electrochemical Conditioning of a Mineral Particle Bed 
Electrode for Flotation. BuMines RI 8951, 1985. 

35Parsonage, P. Selective Magnetic Coating for Mineral 
Separation. Inst. Min. and Metall. Trans., 8, 
Mar. 1984, p. C37. 

360 S. Department of the Interior, Bureau of Mines. 
Radar Technology Promises Better een of Geologic 
Hazards for Miners. News Release, Sept. 27, 1984. 

37Mining Journal. Chemical Rock Splitter. V. 308, No. 
7787, 1984, p. 344. 

35Cecala, A. B., et al. How Gassy Noncoal Mines Can 
Simulate Methane Flow. Eng. and Min. J., v. 185, No. 2, 
1984, pp. 51-52. 


Table 1.—Material handled at surface and underground mines in the 


United States, by type 
(Million short tons) 
Surface Underground All mines! 
Type and year Crude i Crude i Crude 
ore Waste Total ora Waste Total 5 Waste Total 

Metals: 

1919 ois 1,350 1,930 93 10 103 613 1,360 2,030 

1980. ...... 520 1,180 ,100 77 11 88 597 1,190 1,790 

1981 ... — 592 1,050 1,650 82 15 97 674 1,070 1,740 

1982________ 371 677 1,050 60 12 72 431 689 1,120 

198 380 557 938 47 6 53 427 564 991 
Nonmetals 

1919. — s 2,360 590 2,950 81 (?) 81 2,440 590 3,040 

1900 2,060 620 2,680 78 2 78 2,140 620 2,160 

19815 . ...— 1,150 584 1,740 68 6 74 1.220 590 1.820 

19827 _______ 837 366 1,200 61 2 63 899 368 1,270 

19833 _______ 1,070 155 1,230 62 1 62 1,130 155 1,290 
Total metals and 

nonmetals:? 

P 2,940 1,940 4,880 174 10 185 3,120 1,950 5,070 
1900 2, 580 1,800 4,980 155 11 167 2,130 1,810 4,540 
198814. ec 1,750 1,640 3,390 151 20 171 1,900 1,660 3,560 
19822 1,210 1,040 2,250 121 14 135 1,330 1,060 2,390 
1983. . 1,450 712 2,160 109 7 116 1.560 719 2,280 


Data may not add to totals shown because of independent rounding. 


2Less than 1/2 unit. 


Includes industrial sand and gravel. Construction sand and gravel data were not available for 1981 and 1983 because of 


biennial canvassi 


ng. 
Crushed and broken and dimension stone data were not available for 1982 because of biennial canvassing. 
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Table 5.—Crude ore and total material handled at surface and underground mines 
in the United States in 1983, by commodity 


(Percent) 
Crude ore Total material 
Commodity Under- Under- 
Surface ground Surface ground 
METALS 
III ͥ ³¹ͤͤ ³ ⁰⁰ mn A DUE - 100.0 6.5 93.5 
Bauxite tp aa er iud. Lue EL E Ud 100.0 T 100.0 ee 
BI ³]ͥ ⁰¶⁰ſꝗdſ kt e LI iE 100.0 "m 100.0 M 
%%% ³⁰Üi IM A Le E 89.1 10.9 95.3 4.1 
Gold: 

Lodè REL NHIEU MEUS 90.8 9.2 96.0 4.0 
Pläċcer Se ee ee ee eee Repeat ume e, 100.0 E 100.0 aus 
OTN ON ß ñ p d en Le ee 98.9 1.1 99.3 7 
FJff]]]f]]ſ]]!]fſfſßlhj!llw A 88 W 1100.0 W 1100.0 
Manganiferousore eee „ 100.0 am 100.0 "m 
/ ] ß ,. ꝛĩ ¹ʒ nn y E Lue 100.0 EET 100.0 2a 
G % 2100.0 W 2100.0 W 
Nickel- e ß ee b s T mayne RS 
FFH ⁰⁰y ³⁵ 100.0 D 100.0 m 
Rare-earth metals „ 100.0 = 100.0 EEF 
SIIVBE S « ˙ e qe S E T ge 41.9 52.1 65.4 94.6 

Titanium (ilmenito-iDwnnniꝛnn „„ 100.0 "—-— 100.0 " 
hgsten c p E W 1100.0 W 1100.0 
Uranium eue Se e i M eu. 82.8 17.2 97.3 2.7 

NV NAY goa a te m Ce en oe zo me m" 
22 ³ ð EDI ORE ERE 88 = 100.0 ne 100.0 
Average - d See LUE ie 89.0 11.0 94.6 5.4 

NONMETALS 
Abrede”... deeds e E — em ae 
PU a o ˙ꝛꝛ ³Ü Bee es Be ad ca, 100.0 "v 100.0 SS 
P;'õõĩĩßĩ?]7.. Se eee d 100.0 s 100.0 DN 
ö cci no aL y y yt et oat 100.0 n 100.0 TON 
Boron minerals =< 2222020464 coe oe eet ee ee caesus E PN TN — 
Claye ce hrec c nne LBS E E 2100.0 W 2100.0 W 
Di ³¹wä y uec 100.0 S 100.0 ee 
FeldSDBE on e eese ³ ³ 100.0 eS 100.0 as 
Flúörspar pd su t e tx W 1100.0 W 1100.0 
GVDSUH A ec cos E :.. LIA LE EA DL A 18.2 21.8 84.1 15.9 
Iron oxide pigments (crude) .. 2-2. --- 100.0 A 100.0 SR 
Valle ⁵ ] ¹ q ⁰ wVAAſãſͤͥͤ AE E e re 100.0 PA 100.0 PS 
Lithium mineralsgk”gggʒ = =e aes ae 
ll NEC 100.0 e 100.0 EN" 
MICA (GOTO) ure b (x tuc 100.0 T 100.0 EN 
miese... oup cS dei 100.0 IR 100.0 Mes 
OUVING o eus i ee eh S 100.0 Uh 100.0 Mig 
F ĩ˙²¹tudiA ˙ͤũ.ͤ ꝶꝙ': Sue mt 88 100.0 E 100.0 se 
Phosphate rock —— ß eme ie oa 2100.0 2100.0 W 
Potassium salts _____________~__- „„ ee 100.0 UT. 100.0 
Puümiee 22 cale eI e iL. 100.0 SE a €: 
SB oo cos Lc a LEE 2.1 97.9 21 97.9 
Sand and gravel |... ee 100.0 NS 100.0 me 
Sodium carbonate (natural)) k. L2 cc s 100.0 e 100.0 
Stone: 

Crushed and broken -----------------------—- 96.8 3.2 97.0 3.0 
Diff ]³ðV!.!; y 99.4 6 99.6 4 
Talc, soapstone, pyrophylliteeeee 2-- 2100.0 W 2100.0 W 
Vermiculite RN 100.0 NEN 100.0 E 
Average — — c ³ 8 95.4 4.6 95.8 4.2 
Average, metals and nonmetalsss 93.0 7.0 94.9 5.1 


W Withheld to avoid disclosing company proprietary data; included with “Surface” or "Underground." 
Includes surface; the Bureau of Mines is not at liberty to publish separately. 
*Includes underground; the Bureau of Mines is not at liberty to publish separately. 


Includes industrial sand and gravel. Construction sand and gravel data were not available for 1983 because of biennial 
canvassing. 
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Table 6.—Crude ore and total material handled at surface and underground mines 
in the United States in 1983, by State 


(Percent) 
Crude ore Total material 
State Under- Under- 
Surface ground Surface ground 

Alabama oc mtu etai ð;-oy 1100.0 W 1100.0 W 
d ³ð⅛ um a o eC Lee v ie iie seit 100.0 M 100.0 e 
Aroi ga 8 86.1 13.9 92.7 7.3 
ATKAHSHS ac. ] ſꝑꝓ⁊ rte a Ste ee ee ae 100.0 IN 100.0 oe 
Californias. unm eh ee, km es te ot es Eh c 98.9 1.1 99.0 1.0 
M fa eh a es ly a a el ete 89.6 10.4 94.9 5.1 
Connecticut — ß ee Se er 100.0 SN 100.0 e 
Flórida ox: mccum VL e tec LAT 100.0 ERN 100.0 zn 
Goria ub GS A a AL DIES Le 98.2 1.8 98.5 1.5 
;ĩĩ ĩ²˙ ʃ¹rc ʃ˙ ¹rIIIIIIꝛĩĩ pr 1100.0 W 1100.0 W 
Idabo 2. ess hate . e LLLA E 90.1 9.9 95.4 4.6 
III!öõĩõĩ58˙iö ̃ ²j ũy“: m mts ME Lu. HU ae a ces 95.9 4.1 96.2 3.8 
Indiana e . E tec e 92.9 T1 93.5 6.5 
//öĩͤöö ³ y . a he A E 91.5 8.5 92.1 7.9 
Kansas =en ͥ ꝗ ꝙ ↄ ↄꝙͥö ...,... LL Uer 82.5 17.5 84.1 15.9 
Kentucky unu cer ⁰ uet el 72.3 27.7 74.2 25.8 
Louisiana- — oo m = ·wd csesens 98.1 1.9 98.1 1.9 
Malle. ono Dori cte icu scu uc i cu. 100.0 MR 100.0 ae 
Tl ³˙Ü.ww os See te 1100.0 1100.0 
Massachusetts______________________________e_ 100.0 — 100.0 ms 
Meng. 8 1100.0 1100.0 W 
Iii ðͤ 100.0 DS 100.0 ND 
ii.“! 100.0 = 100.0 e 
Missouri ---—-----2222222222—--—————-————_— cs 74.7 25.3 13.1 26.3 
Montana 2 3.2.2 omn j ⅛ð ey tt s et 79.6 20.4 85.5 14.5 
Nebraska ny . ¼ 00 a rein lee 15.8 24.2 77.6 22.4 
Nevada «”¹.v...² e E e ²· AA ³ Rg e e E d 97.8 2.2 98.3 1.7 
New Hampshirr·e „„ 1100.0 W 1100.0 W 
New Jersey. -—----------------------------—-— 1100.0 W 1100.0 W 
New Mexico ĩ§ĩ?᷑¹—b7ꝛ˙ ˙i‚ ] ¹mmõg.ͥͥꝛ˙·˙⅛Ppͥ́́ «m ⅛˙ :NA.. ues ML Y 64.5 35.5 82.7 17.3 
U ꝛ”“i... cle yd ⁰dtt 89.9 10.1 90.1 9.9 
North Carolina ______________________________ 100.0 — 100.0 "e: 
North Dakota ci 8 100.0 ees 100.0 fe 
%%%!!! ²· ree ot 95.0 5.0 95.0 5.0 
Oklahoma ee i 1100.0 W 1100.00 W 
Oo.... LL mL 100.0 TE 100.0 Ta" 
Pennsylvania — ⁵ðVUi ⁵ dd 96.0 4.0 96.3 3.7 
Rhode Island________________________________ 100.0 EIN 100.0 iut 
South Carolina ______________________________ 100.0 e 100.0 EA 
South Dakota _________________________ Lee 1100.0 W 1100.0 W 
Tennessee -_—--------------------—-—--—---——— 78.0 22.0 79.0 21.0 
(i245 MEER 99.1 9 99.2 8 
õöÜ˙§ö%êOö5öbi irÜ ⁵ĩðxß . . 8 98.3 1.7 99.1 9 
l Hrn 8 1100.0 W 1100.0 W 
Vina ⁵ LULLL a LE EI eL 1100.0 W 1100.0 W 
Washington --—-—----------------—--—-—--—-——-—-—_- 99.5 5 99.3 7 
West Virginia 22 NM 82.4 17.6 83.8 16.2 
hi ngu Be he ß eye 8 1100.0 W 1100.0 W 
J77%%%%%%³[Ü%?d 60.0 40.0 92.1 7.9 

Were... ecce nl TL LLL crue 93.0 7.0 94.9 5.1 


W Withheld to avoid disclosing company proprietary data; included with Surface.“ 
1Includes underground; the Bureau of Mines is not at liberty to publish separately. 
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Table 7.—Number of domestic.metal and nonmetal mines! in the United States in 1983, 


by commodity 
Total Lees 1,000 10,000 100,000 1,000,000 More 
y of 1,000 10,000 100,000 1,000,000 10,000,000 10, 000, 000 
mines tons tons tons tons tons tons 
METALS ` 
Bauxite 8 "E m 3 5 de NN 
Cop PERMITEN RCM 26 2 1 3 2 12 6 
Gold: 
Loden 87 35 13 12 19 7 1 
Pl acer. 34 8 10 10 4 2 re 
Iron ore 23 = 3 5 1 9 5 
MM ee Tee eee eee 16 4 2 1 3 6 oe 
Silver 52 26 9 7 7 3 Me 
Titanium (ilmenite) ....... 3 TN EN oe za 3 xd, 
j| eo EHE ee 8 5 1 ] 1 8 "T 
Uranium 102 19 26 35 21 1 em! 
Ce rs a Ae ee 13 1 ur 3 7 2 E 
Other? .. 17 3 5 5 2 2 


3 
l 

! 

I 

l 

l 

l 

| 

1 

| 

l 

| 

| 
8 
e 
= 
-J 
e 
oo 
on 
-J 
toó 
i» 
-J 
j 
to 


NONMETALS 
Abrasives 14 2 7 4 1 "M T 
777 ce 3 —- TE 1 1 1 ale 
Barnte- —— ˙¼— a E 15 1 3 8 3 sa ME 
Clayg — to 936 42 216 513 105 Vm De 
Diatomite 10 RON 3 4 8 e e 
Feldspat 16 ct 2 10 4 ete RM 
Fluor per 5 2 2 -— 1 E Ee 
Gypsum ______________ 70 2 6 26 36 a c 
ca (scrap) ------------ 11 1 2 5 3 ET w 
erite — oer a 12. xc 4 6 2 Lm Lu 
Phosphate rock 38 e De 4 15 15 4 
otassium salts. ------ 6 a a 1 1 4 "E 
Pumiſtt˖e 23 4 10 7 2 2a ER 
Sall luu 8 18 . 2 4 7 5 8 
Sand and gravel* _________ 169 4 15 83 66 1 ee 
sodium carbonate ________ 5 TA gir. SEN 2 3 xs 
Crushed and broken 3,851 115 430 1,603 1,546 157 Bae 
Dimension 298 75 152 68 3 ecc is 
E soapstone, pyrophyllite _ _ 32 4 7 18 3 S mc 
JJ 31 11 4 12 4 aa tes 
CC 5,563 263 925 2,377 1,808 186 4 
Grand total________ 5,952 366 995 2,462 1,880 233 16 


1Excludes wells, ponds, or pumping operations. 
5 antimony, beryllium, manganiferous ore, mercury, — platinum-group metals, rare-earth metals, 


*Includes abrasive stone, emery, garnet, and tripoli. 


“Includes industrial sand and gravel. Construction sand and gravel data were not available for 1983 because of biennial 
canvassing 


‘includes apiti, boron minerals, greensand mar], iron oxide pigments (crude), kyanite, magnesite, olivine, vermiculite, 
and wollastonite | 
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Table 8.—Twenty-five leading metal and nonmetal! mines in the United States 
in 1983, in order of output of crude ore 
Mine State Operator Commodity rant 
METALS 
Morenci __________ Arizona Phelps Dodge Cord Copper Open pit. 
Utah Copper tüh scc Kennecott __________- „„ Do. 
Minn tac Minnesota United States Steel Corp Iron ore Do. 
Sierril .. . Arizona Duval Sierrita Cord Copper Do. 
F e oie rus Bagdad Copper Co. — ----do ~. Do. 
San Manuel 3 agma Copper CO0o te ese Caving. 
Empire Michigan Empire Iron Mining Iron ore Open pit. 
Hibbing Taconite Minnesota Pickands Mather & Co e Do. 
Round Mountains Nevada .....- Copper Range o Lode gold Do. 
Tilden Michigaen Tilden Mining Co Iron ore Do. 
Chino unm New Mexico Chino Mines Co - - ------ Copper Do. 
Thunderbird Minnesota Oglebay Norton COo Iron ore Do. 
Cline 8 New Mexico Phelps Cord Copper Do. 
Green Cove Florida Associated Minerals Corp _ - Titanium .. Dredging. 
New Cornelia Arizona Phelps e Cord Copper Open pit. 
Minorca - aa Minnesota Inland Steel Mining Co Iron ore Do. 
Inspiration Arizona Inspiration Consolidated Copper Do. 
Copper Co. 
Trail Ridge Floridaa E. I. du Pont de Ne- Titanium Dredging. 
Berkel M The Ansconda Cos Co Ope 
rkeley pit ontanaa e con mpany y pper n pit. 
Eisenhower Arizona AS ARCO Incorporated 222200 1 Do. 
Highland _________ Floridaaa E. I. du Pont de Ne- Titanium Dredging. 
mours & Co. Inc. 
National Pellet Minnesota The Hanna Mining Co Iron ore Open pit. 
Project-Itasca. * 
Erie Commercial. 7 Pickands Mather & Co eee Do. 
National Pellet ick Ud. ient e The Hanna Mining Co- Sich i MMO da ses Do. 
t.Louis. 
Butler Taconite |... NEN. RE hr dd cc Do. 
NONMET ALS“ 
Ft. Green Florida Williams Co jeas. Open pit. 
rock. 
Noralyn ---------- 2ccdsdO s International Minerals & 3 Do. 
Chemical Corp 
Ft. Meade saadi cid 2 ie Mobil Oil Corp -------- 0 Do. 
Kingsford ll EENE.: E International Minerals & F Do. 
Chemical Corp. 
Clear Spring 3 j 88 TNR". ENS Do. 
Haynsworth _______ E American Cyanamid Co MONT. S MORE Do. 
Hookerss „ o |e nr ae an E W. R. Grace & co cuc dO ous Do. 
Ft. Meade „ cnr Gardinier In __-do ___ Do. 
Lonesome- -------- sl >: af oa ns 2 American Cyanamid Co- enna: |: c Do. 
Suwanee, et al asi Ss OO, ett ene Occidental Petroleum Corp _ TOR. MM Do. 
Georgetown... _ _ exas________ Texas Crushed Stone Co- Stone Open quarry 
FEC Hialea. Florida Rinker Materials Corp - sudden Do. 
Calcite. -- -------- Michigan United States Steel Cord ---.do ..- Do. 
Bonny Lake Florida W. R. Grace & xo n Open pit. 
rock. 
Thornton Illinois General Dynamics Corp _ _ _ Stone Quarry 
Internationalll New Mexico International Minerals & Potassium Stopes 
Chemical Corp. salts. 
McCook _________-_ Illinois Vulcan Materials Co_ _ _ _ _ Stone Open quarry 
Wingate Creek Florida Becker Industries Cor Phosphate Open pit. 
rock. 
Stoneport Michigaen Presque Isle Cor Stone n quarry 
New Braunfels exaS. Parker Bros. & Co. Inc xc ecl ies PDC Do. 
Pennsuco _________ Florida_______ Lone Star Florida Ine sista has Open pit 
rock. 
Lee Creek North Carolina Texasgulf Ine PEE RR Do. 
NE Be ula mu dues eee y 3 19 d DS ME scs do Do. 
or cross Be oS ulcan Materials Co... tone n quarry 
Brooks ville Florida 3 Florida Crushed Stone Co MET. ME * De. 


1Excludes brines and materials from wells. 


Includes industrial sand and gravel. Construction sand and gravel data were not available for 1983 because of biennial 


canvassing. 


30 MINERALS YEARBOOK, 1984 


Table 9.—Twenty-five leading metal and nonmetal! mines in the United States 
in 1983, in order of output of total materials handled 


Mine State Operator Commodity an 
METALS 
Utah Copper Utah -------- Henne cott Copper Open pit. 
Morenci -- -------- Arizona Phelps Dodge Cord CEE: o FETE Do. 
Bagdad e Cyprus Bagdad Copper Co. „ Do. 
Empire Michigan n Empire Iron Mining Iron ore Do. 
Inspiration Arizona 1 Consolidated Copper Do. 
pper Co. 
rone Lll New Mexico Phelps Dodge Cord Se > o cus Do. 
Ching e eos Chino Mines Co „ Do. 
Sierri aaa Arizona Duval Sierrita Cor MES. NOS Do. 
Minntac_ - -------- Minnesota United States Steel Corp Iron nre Lena Do. 
Hibbing Taconite ite MOO ecc Pickands Mather & Co- ee Do. 
Tonop agg Nevada ......- The Anaconda Company ß Molybdenum Do. 
Thunderbird Minnesota Megas Norton Co... Iron ore Do. 
San Manuel. Arizona . ~~ ~~ a Copper Co Copper Caving and 
open pit. 
Tilden Michi xc nt Tilden Mining Co Iron ore Open pit. 
Round Mountains Nevada ______ Copper Range Co Lode gold Do. 
Battle Mountain MNT, aee Duval Corp ----do0 c Do. 
Shirley Basin Wyoming Pathfinder Mines Cor Uranium Do. 
Mission Arizona . Incorpora EE Copper Do. 
Eisenhower ucc stes ãĩðâ1d 8 3 Do. 
Trail Ridge Florida E. I. aa] Pont de Ne- Titanium Dredging. 
Rock Hill- Red H wW Union Carbide Corp U Ope 
ill- orse __ Wyoming nion ide Corr ranium. _ — n pit. 
Bear Creek CCC ay so Energy Co_ EE» i Do. 
Ray Pit Arizona Kenne cott Copper Do. 
Highland ________~- Florida E. I. du P Pant de Ne- Titanium Dredging. 
N mours & Co. Inc. 
Clima Colorado Climax . APUL Co., a Molybdenum Caving and 
division of AMAX Inc. open pit. 
NONMETALS? 

Ft. Meade i Florida Gardinier Inne Phosphate Open pit. 
Ft. Greens IERE: |: P Williams xo e Do 
Noralyn _________-_ e International Minerals & ii 00 qeeeeee Do 

Chemical Corp. 
Ft. Meade... FF Mobil Oil Cor 3 0 Do 
Kingsford o international] Minerals & FW. S Do 
Chemical Corp. 
Clear Spring cnc occicc ) 8 ---.-do ..- Do 
Haynsworth |... 3 erican Cyanamid Co 22H. Do 
cookers -—-------- EMO." ne W. R. Grace & o 0 Do 
Lonesome _ _ _ _ _ _ _ —_ ii VEO 2 ll American Cyanamid Co — ..- Do. 
Georgetown Texas Texas Crushed Stone Co- Stone Open quarry. 
Suwannee, et al Florida Occidental Petroleum Corp Phosphate Open pit. 
rock. 
Harde need). cc rcs C. F. Mining Corp EV ___-do ___ Do 
FEC Hialea______ ~~ 3 Rinker Materials Corp. TUS Stone Open quarry. 
Gay §; oe Idaho J. R. Simplot Coo Phosphate Open pit. 
rock. 
Cal cite Michigan United States Steel Corp ... Stone Open quarry. 
Thornton Illinois ` General Dynamics Corp .. .. — ----do--- Do. 
McCook kk Ba Wo o Vulcan Materials Co ___-do ___ Do. 
International. ___ _ __ New Mexico International Minerals & Potassium Stopes. 
Chemical Corp. salts. 
Bonny Lake Florida W. R. Grace & o Phosphate Open pit 
| rock. 
Stonep ort Michigaen Presque Isle Corp Stone Open quarry. 
Wingate Creek Florida Becker Industries Cor * Open pit. 
rock. 
Big Four... Sc e e AMAX Phosphate Ine clade. oc Do. 
New Braunfels Texas Parker Bros. & Co. Ine Stone Open quarry. 
Penns uo Florida Lone Star Florida Ine Phosphate Open pit. 
roc 
Lee Creek North Carolina Texasgulf Ine ____do __- Do. 


IExcludes brines and materials from wells. 


Ancludes industrial sand and gravel. Construction sand and gravel data were not available for 1983 because of biennial 
canvassing. 
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Table 12.—Mining methods used in open pit mining in the United States in 1983, 


by commodity 
(Percent) 
Total material handled 
Commodit Preceded Not preced 
* by drilling by iln 
and blasting E 
METALS 

PCC uu nost LL / E LM rer ee E EE 100 zu 
CODDÉPR unc Le yy dd r ðHy ELM LE 94 6 

Gold: 
/G nisl IA n el ⁵ ⅛ Et NON RAM, OOS 8 97 3 
77 lt co Ns ho a ts te E LLL ß A in. 100 
TT i ruo scu cte ⁰ Le et Lee Link 8 95 5 
Manganiferous ore ee "- 100 
Mer Ui orar eel uu LET f eR DEL ti 10 90 
/// c cse es reyes ee pe ce 92 8 
Rare-earth metals... <5 ee ee oe Se ee EE Le 100 8 
J%ͤ˙Cßꝰk ꝛ ] ↄ ̃ x x y y k ts 99 1 
Titanium (ilmenit“““hhh0) hk ————— „„ PT 100 
Tungsten. ß E E ß 18 82 
ORIN oo is e d eI ue enl c Du ae a ee S 8 48 52 

NONMETALS 

ADO: ecu ß ELLE Ei E ad ee ee 100 a 
DestóR on an i ͤ ĩðVAdGͥꝙꝓVP/E ww. y hy eB 100 SM 
J io ese a m eu M ee ee Em 8 98 2 
Claya ROREM ↄ J ³ ³ . el mm 100 
Datome ³˙—»ðr a LL LL dd "E 100 
C] ↄ³ÄW• ⁰ͥAͥ! df d . ⁰ tes ut 100 MN 
EIGOPSDBI 9c ee ee ee ee E 100 m 
0 %ù½ͥÿÜ dk ð . 94 6 
Iron oxide pigments (crude). nnn „«„„„4„„„„„„4„„„„ͤ4„4 „ EN 100 
)) ͥ ͥ eie AA 7ꝛ²¾)¶.0. Rut eir end de 100 es 
ENIRO ea ... LA Seu t ee 100 e 
// oↄ³Ä1 w 0 aL mu LL A dT 24 76 
WMI ³ðKſ / ⁵³ð A ⁵ ⁵ ⁵³⁵²⁵m 8 99 1 
%%%%ͤ ˖½ MTA... ³WAeA. ⁰¹Ü¹ wm¹AAææ²ñ ĩ é ʒ e EE 100 mm 
F a Si mt e lc = ML tt 59 41 
Phosphate rock ß a eec e e eee 78 22 
Ff c i ss cL LL DM LI M LM E LE E E E. 2 100 
J ⅛˙⅛˙—Üͤ ñðx m ꝗ¶ qm,; dd (t t tah a EOM 100 
ad and EEA usd c A ee e Lei au ee oe 100 
Crushed and DFOKeH — Sa ee ß e M. 98 2 
Dirnen ] ⅛ y kd y D ee 100 
Talc, soapstone, pyrophyllite_— ~- - - - - - - - - - - - -- -—---—-——---—-—-—-—-——-————— 68 32 
Vermiculite soenan En a ee ee E LI t E AL E 55 45 
C),, ³· a ͥ⁰ß¼d¹xꝛ mt 83 17 


Includes 5 or cutting without blasting, dredging, mechanical excavation and nonfloat washing, and other 
surface-mining me 


ncludes industrial sand and gravel. Construction sand and gravel data were not available for 1983 because of biennial 
canvassing. 
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Table 13.—Development and exploration activity in the United States in 1983, by method 


Metals Nonmetals Total? 
Method Percent Percent Percent 
Feet of Feet of Feet of 
total? | total* total* 
DEVELOPMENT 
Shaft and winze sinking- — — — — — — — 218,000 27.5 W W 218,000 26.4 
DH NE NE NEM 
ifting, crosscutting, or eling .. j ; : ; ; i 
Solution mining 189,000 23.8 Ap. MAC 189,000 22.8 
TTT eee 792,000 100.0 85,600 100.0 827,000 100.0 
EXPLORATION 
Diamond drilling . 741,000 19.6 187,000 97.5 883,000 22.3 
Churn drilling 29,500 mcs 29,500 7 
0 drilling 1,580,000 4 3,550 2.5 1,580,000 40.1 
Percussion C 1,160,000 30.4 W 1,160,000 29.3 
drilling 261,000 0 W W 267,000 6.8 
ee Die pe repent 8 82,600 W W 32,600 8 
Total 8,810,000 100.0 140,000 100.0 8,950,000 100.0 
Grand total! |... 4,610,000 XX 176,000 XX 4,180,000 XX 


W Withheld to avoid disclosing company proprietary data. XX Not applicable. 
‘Data may not add to totals shown because of independent rounding. 
3Based on unrounded footage. 
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Table 16.—Total material (ore and waste) produced by mine development in the United 
States in 1983, by commodity and State 


(Thousand short tons) 
Drifting 
Shaft and 5» 
winze Raising R Stripping Total! 
sinking tunneling 
COMMODITY 
METALS 
(CODDeP- . ee PS is 1 W 1 
we J) 8 1.160 37 203 21,900 23,300 
IFÓILOFG ohh ee te ee eus i ds 7 20,200 20,200 
T PR MINE EEUU POR 4 1,940 EN 1,950 
Silver. 2 w i n ae bae tee W W 509 W 509 
eri. 8 = W 359 38,200 38,600 
VA CREER y ES W W 281 n 281 
Other? |... L2 LLL 222222 25 160 252 10,500 10,900 
Totaal! 1.180 200 3,560 90,800 95,700 
NONMETALS 
Gypsum --—-------------------—- is an oe 2,440 2,440 
Talc, soapstone, pyrophyllite ne W W ,490 1,490 
Other _______________________eL 8 6 274 1,810 2,100 
Tótal' 2:2 St eet SS os he 8 6 274 5,740 6,030 
Grand total!! 1,190 206 3,830 96,500 102,000 
STATE 
FCC tt ae ees zi T ($) 4,280 4,280 
J)GöGßGG0ö00—S/᷑ 6... m = 1 206 207 
Arkansas Mort ue E 5,060 5,060 
California - — - - - ----------------- ($) 3 5 2,120 2,130 
Colorado W 57 196 253 
Idaho e m nsu ff W W 192 2,250 2,440 
iii 8 W W W ee W 
Fi... 8 s W W ne W 
Missourrt:t:t:!:!:!:!:!:!:!: = << 2 1,920 es 1,920 
Montana 1 15 1,380 1,400 
Nevada um 88 1,160 W 40 16.000 17,200 
New Mexico 1 W 451 W 452 
New York ulum RR Lors W W — W 
North Carolina Mm EM eds 109 109 
D cC eee ee E (*) 1 2 W 8 
Pennsylvania de E W e W 
South Dakota... 222222 clc E W W e W 
enness enn ae W W NE W 
Ubh cecidi eh x et a Sie W 2 314 W 316 
Washingtoõo“nn”ꝰçw W W W tes W 
Wyoming _______________ ~~ ____e pM A W 38,300 38,300 
Undistributed ___________________ 142 690 26,800 21,600 
Total a o6 yx E LEE es 1,190 206 3,830 96,500 102,000 


W Withheld to avoid disclosing company proprietary data: included with “Other” or "Undistributed." 

1Data may not add to totals shown because of independent rounding. 

7Includes bauxite, beryllium, mercury, molybdenum, tungsten, vanadium, and items indicated by symbol W. 

Includes abrasives, barite, boron minerals, feldspar, fluorspar, mica (scrap), perlite, sodium carbonate (natural), 
vermiculite, and items indicated by symbol W. 

*Less than 1/2 unit. 
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Table 17.—U.S. industrial consumption of explosives 


(Thousand pounds) 
Quarrying Construction 
Year Coal i at and i eus l wori and i | 
mining mini nonmeta : other industria 
mining! industry uses? 
19/9. S Gi 2,231,393 612,820 653,033 3,503,246 587,212 4,090,458 
19880 8 2,503,359 559,229 624,184 3,686,772 587,690 4,274,462 
1981 — lt 2,249,262 695,449 493,771 3,438,482 902,567 4,341,049 
1982___-------- 2,269,565 530,384 423,353 3,223,302 687,189 3,910,491 
T983- ˙ A 2, 126, 263 481,129 467,110 3,075,102 655,150 8,130,252 


1Some quantities of this use are included with “Construction work and other uses" to avoid disclosing company 
proprietary data. 
Includes some quantities from “Coal mining,” Metal mining,” and “Quarrying and nonmetal mining." 


Note.—Data for 1979-80 are not comparable to data for prior years owing to change in reporting by the Institute of 
Makers of Explosives. 


Table 18.—U.S. consumption of explosives in the minerals industry 


(Thousand pounds) 
Coal Metal vere 
a e an 
Year mining mining nonmetal Total 
mining 
PERMISSIBLE EXPLOSIVES 
NOG NOE See ee ĩͤ v 44,891 281 615 45,787 
IC. | ace a RR DIDI UE MAN 52.476 81 716 53,273 
e . es ec eee 49,814 166 1,638 51,618 
WORD BD EAM mr ene 43,401 287 1317 45.005 
D. NEUEN mrtytß ß ee ne, 35,181 311 657 36,149 
OTHER HIGH EXPLOSIVES 
Jö ³ ð Zßd0 8 25,783 23,699 60,734 110,216 
J)) ͤõ x 24.912 25.085 50,138 100,135 
7 ences DM QE Ng eA MM RDUM 22.314 23.384 43,223 88,921 
ORD MM CE NM ID URN NM ENDE RUN RUN OON UDIN 19,360 13,108 29.329 61.790 
oc MEM eee eee es tee Ae DEREN ON MUN 17,964 8,861 31,833 58,658 
WATER GELS AND SLURRIES 
J/J;ö§B§ĩ«ĩ⁊ [k%ͤͥf½ Biden sip 174.739 238,738 107,280 420,157 
TORO EROR CAUSE NEGOCIO MESA POM DU 93,916 171,213 99.947 365,076 
OOS ee oe ee I 99,796 174,528 86,671 360,995 
EI ll See ee eee 104,364 90,738 80,503 215,605 
C ee s rra ors 94.518 49,699 94,261 238,538 
AMMONIUM NITRATE: FUEL-MIXED AND UNPROCESSED 
MOTO SERRA e y pe AE 2.091,980 350,102 484,404 2,926,486 
UT MEER MON AR CMM y 2.332.055 362,850 473,383 3,168,288 
OG S ne ee ye hee MM 2,077,338 497,371 362,239 2.936.948 
198z—— 6!!! c TD a 2,102,440 426,251 312,211 2,840,902 
ĩi QUSE RACE DOREM MIA 1,978,540 422 258 340,959 2.741.757 
TOTAL 
1979 MMC ML d %⅛˙¾: V ꝛ%¾ . OPPRIMO 2,231,393 612,820 653,033 3,503,246 
ORO ee le hae yet ee eee ee MN 2,503,359 559,229 624,184 3686772 
D^) ME ERROR ⁰ͥympe 8 2.249.262 695,449 493,771 3,438,482 
/// ⁵⁰¼y ß ⁊ v DOMNUM 2,269,565 530,384 423,353 3,223,302 
/ (v0yͥòqyV000u0uàĩ ¼ĩ V 2,126,263 481,129 467,710 3,075,102 


aw. 


Statistical Summary 


By Rose L. Ballard! 


This chapter summarizes data on crude 
nonfuel mineral production for the United 
States, its island possessions, and the Com- 
monwealth of Puerto Rico. Included also are 
the tables that show the principal nonfuel 
mineral commodities exported from and 
imported into the United States and that 
compare world and U.S. mineral produc- 
tion. The detailed data from which these 
tables were derived are contained in the 
individual commodity chapters of Volume I 
and in the State chapters of Volume II of 
this edition of the Minerals Yearbook. 

Although crude mineral production may 
be measured at any of several stages of 
extraction and processing, the stage of 
measurement used in this chapter is what is 
normally termed mine output.” It usually 
refers to minerals or ores in the form in 


which they are first extracted from the 


ground, but customarily includes the output 
from auxiliary processing at or near the 


mines. 

Because of inadequacies in the statistics 
available, some series deviate from the fore- 
going definition. For copper, gold, lead, 
silver, tin, and zinc, the quantities are 
recorded on a mine basis (as the recoverable 
content of ore sold or treated). However, the 
values assigned to these quantities are 
based on the average selling price of refined 
metal, not the mine value. Mercury is 
measured as recoverod metal and valued at 
the average New York price for the metal. 

The weight or volume units shown are 
those customarily used in the partitular 
industries producing the commodities. Val- 
ues shown are in current dollars, with 
no adjustments made to compensate for 


changes in the purchasing power of the 
dollar. 


!Statistical specialist, Minerals Information. 
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Table 1.—Nonfuel mineral production’ in the United States 


Mineral 


METALS 


Antimony ore and concentrate 
short tons, antimony content _ 
Baux ite thousand metric tons, 
dried equivalent 
CODICE (recoverable content of ores, 
„FFF metric tons 
Gold (recoverable content of ores, etc.) 
troy ounces. _ 
Iron ore, usable (excluding byproduct 
iron sinter) __— thousand long tons, 
gross weight 
Iron oxide pigments, crude 
short tons 
Lead (recoverable content of ores, etc.) 
metric tons. 
Manganiferous ore (5% to 35% Mn) 
short tons, gross weight 
Mercury 
Molybdenum (content of concentrate) 
thousand pounds. . 
Nickel (content of ore and concentrate) 
short tons... 
Silver (recoverable content of ores, etc.) 
thousand troy ounces. . 
Titanium concentrate: Ilmenite 
short tons, gross weight 
Tungsten ore and concentrate 
metric tons, contained W. 
Vanadium (recoverable in ore and 
concentrate short tons 
Zinc (recoverable content of ores, etc.) 
metric tons 
Combined value of beryllium concen- 
trates, magnesium chloride for mag - 
nesium metal, rare-earth metal con- 
centrate, tin, titanium concentrate 
(rutile), zircon concentrate, and val- 


ues indicated by symbol VW 
Total- ³o·w ( ee ets 
NONMETALS (EXCEPT FUELS) 
Abrasive stones: short tons... 
Asbestos... metric tons 
Barite thousand short m 2 
Boron minerals EA 
Bromine thousand N 
Calcium chloride short tons 


Carbon dioxide, natural 
thousand cubic feet: 


Cement: 
Masonry thousand short tons 
Portland do- 
r eee Ou 
Diatomite _ = 
Feldspar__________~- short tons 
Fluorp au- do... 
Garnet (abrasive) . . do- 
an stones 
—— thousand short tons 
Helium. (Grade-A) million cubic feet 


Et thousand short tons 
M compounds _ short tons 
Mica (scrap) - thousand short mee 


Phosphate rock 
thousand metric tons 
Potassium salts (K3O equivalent) 
8 


See footnotes at end of table. 


Quantity 


732 
1,146,975 
1,465,686 


35,751 
146,548 
512,516 


31,509 
25,760 


76,185 
3,203 
40,248 
233,063 
1,575 
4,098 
303,160 


XX 


616,513 
2, 067, 500 


Value 
(thousands) 


W 
$12,334 
1,840,856 
550,968 


1,491,705 
12,059 
288,579 


293 
W 


504,089 
W 


. 319,975 


19,093 


22,062 


52,577 
251,116 


154,917 
5,517,000 


3,399 


16, 044 
950,326 
265,600 


Quantity 


679 
1,038,098 


71,956,400 


44,295 
141,875 
1449, 216 


33,523 
25,070 


748,805 
43,415 
W 
1,016 
2,171 
275,294 


42,573 
1,513 


1983 


Value 
(thousands) 


W 
$11,309 
1,751,476 
"829,514 


1,938,496 
12,427 
"214,708 
216 

W 
"166,612 
496,671 
W 
10,528 
30,675 
251,204 


101 361 
345, 465 
757, 611 
182,495 
6,479 
18,667 
15,664 


71,021,095 
220,800 


Quantity 


557 
856 
1,091,284 
2,058,784 


W 
53,017 
321,897 


88,423 
19,048 


102,405 
14,540 
44,440 


Value 
(thousands) 


Table 1.—Nonfuel mineral production’ in the United States —Continued 
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1982 


Mineral 
NONMETALS (EXCEPT FUELS) — 
Continued 
Pumice _ _ _ _ thousand short tons 
Pyrites____ thousand metric tons. 
Salt thousand short tons 
Sand and gravel 
Construction do 
Industrial do 
Sodium sulfate (natural) / do- 
Stone: 
FFC do- 
Dimension do- 


Sulfur, Frasch process 

thousand metric tons. _ 
Talc and pyrophyllite 
5 thousand short tons 


li s 
Vermiculite - thousand short tons. . 
Combined value of aplite, asphalt 

(native), emery, graphite, helium 

(crude), iodine, kyanite, lithium min- 
erals, magnesite, marl (green- 

sand), olivine, sodium carbonate 

(natural), staurolite, wollastonite, and 


values indicated by aymbol Wee 


Quantity 


XX 
XX 
XX 


Value 
(thousands) 


959,269 
714,150,000 
719,667,000 


XX 
XX 
XX 


1983 


: Value 
Quantity (thousands) 


$4,486 

W 

597,081 
*1,935,000 
835,200 
39,425 


73,327,000 
1147, 843 


1414. 210 
20,280 


649 
21,170 


"867,486 


115,263,000 
121,100,000 


Quantity 


XX 
XX 


1984 


Value 
(thousands) 


946,109 
17,173,000 


XX 23,150,000 


*Estimated. Revised. NA Not available. W Withheld to avoid disclosing company proprietary data; value included in 


"Combined value" figure. 


XX Not applicable. 


1Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 


2Grindstones, pulpstones, and sharpe 


ning stones; excludes mill liners and grinding pebbles. 


5Excludes output in New Mexico; withheld to avoid disclosing company proprietary data; included in nonmetals 


Combined value" figure for 1982-83. 


*Excludes abrasive stone and bituminous limestone and sandstone; all included elsewhere in table. 
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Table 2.—Nonfuel minerals produced in the United States and principal 
| producing States in 1984 
: Principal producing States, ; 
Mineral in order of quantity Other producing States 
Antimony ore and concentrate Idaho. 
Ape es Va. 
BRE" Calif. and Vt 
Eph (native Tex. and Utah. 
AE ETC Nev., Ga., Mo., Mont Ill., Tenn., Wash. 
serm 7707000000000 „Ga. 
Beryllium concentrate Utah and S. Dak. 
Boron minerals if. 
Brom ine Ark. and Mich 
Calcium chloride Mich. and Calif. 
Cement Tex., Calif., Pa., Mich All other States except Conn., Del., Mass., 
Minn., N. H., N. J., N. Dak., R. I., Vt 
V; NS Ga., Tex., Miss, Wyo oo All other § States except Alaska, Del., Hawaii, 
Copper (mine) - -—--------- Ariz., N. Mex., Utah, Mont Calif., Colo., Idaho; Mo., Nev., Tenn. 
Diatomite ~- _—---------- Calif., Nev., Wash., Oreg. 
Emerrr N.Y. 
Feldspaoe --_ N. C., Conn., Ga., Calif. Okla. and S. Dak. 
Fluorp ar IIl., Nev., Tex. 
Garnet, abrasive Idaho, Maine, N.Y. 
Gold (min Nev., S. Dak., Utah, Mont Alaska, or Calif., Colo., Idaho, N. Mex., 
Gypsum .....--------- Tex., Okla., Mich., Io WWa —_— Ariz., Ark., Calif., Colo., Idaho, Ind., Kans., La., 
Mont., Nev., N. Mex., N.Y., Ohio, S. Dak., 
Utah, Va., Wash., Wyo. 
Heliunn8snsn Kans., Tex., N. Mex. 
Iodinee ------ Okla. and Mich. 
Iron ore Minn., Mich., Mo., Tek Calif., Colo., Mont., Nev. 
Iron oxide pigments (crude)... Mich., Ga., Mo., Va. 
Kyan ite Va. and Ga. 
Lead (mine) `~- ee Mo., Idaho, Colo, N.Y T Ariz., Calif., III., Mont., Nev., Tenn., Utah. 
Lime 45e ee ies Ohio, Pa., Mo, y: All other States except Alaska, Del., Ga., 
ine, Miss., N. H., N. J., N. Mex., N. C., R. I., 
| S. C., Vt. 
Lithium minerals N. C. and Nev 
VCC Nev. 
Magnesium chlorid Tex. 
Magnesium compounds Mich., Calif., Fla, Ten Del., N.J., Utah. 
iferous ore Minn. and SC. 
Marl, greensand ______.__ N. J. and Del 
Mercury 2. ee ee Nev. 
Mica (scrap - - -—--------- N.C., S. Dak., N. Mex, S. C Conn., Ga., Pa., Tex. 
Molybdenum ----~------ Colo., Ariz., Idaho, N. Me if., Nev., : 
Oliv-ine N.C. and Wash. 
Póst- 52 %¾²⁵m ee s i Fla, Mich., Ind., Il ——------ Calif., Colo., Ga., Iowa, Maine, Md., Mass., 
Minn., Mont., N.J., N.Y., N.C., N. Dak., ‘Ohio, 
Pa., S. C., Wash., Wis. 
Perlite N. Mex., Calif., Ariz., Nev ____ Colo. and Idaho. 
Phosphate rock Fla., N. C., Idaho, Tenn Mont. and Utah. 
Potassium salt N. Mex., Utah, Calif. 
Pumi ce „N. Mex., Calif., Idaho Ariz., Hawaii, Kans., Okla. 
Pyrites, ore and concentrate Tenn., Colo., Ariz. 
Rare-earth metal concentrate Calif. and Fla. 
SI. ³ðVà Soe La., Tex, N. V., Ohio Ala., Ariz., Calif., Colo., Kans., Mich., Nev., 
N. Mex., N. Dak., Okla., Utah, W. Va. 
Sand and gravel: 
Construction _ Calif., Tex., Mich., Ohio All other States. 
Industria!!! III., Mich., N J., Cali All other States except Alaska, Del., Hawaii, 
| Iowa, De N.H., N. Mex., N. Dak., Oreg., 
S. Dak., Vt., Wyo 
Silver (mine) Idaho, Nev., Mont., Ari Alaska, Calif. Colo, III., Mo., N. Mex., N. V., 
Oreg., S. Dak., Tenn., Utah, Wash. 
Sodium carbonate (natural). .. _ Wyo. and Calif. 
Sodium sulfate (natural) Calif., Tex., Utah. 
Staurolite _-____ .______ Fla. 
Stone: 
Cruse Tex., Fla., Pa Dl |  ...... All other States except Del. and N. Dak. 
Dimension ___________ Ga., Ind., N.C., vt All other States acpi Alaska, Ark., Del., Fla., 
Hawaii, Ill., Iowa, Ky., La., Miss., Neb., Nev. » 
N. Dak., Oreg., Utah, Wash., W. Va., W yo. 
Sulfur (Frasch) |... Tex. and La. 
a and pyrophyllite Tex., Mont., Vt, N.Y ~._____ Ark., Calif., Ga., N.C., Oreg., Va., Wash. 
PCC Alaska, Colo., Ariz. 
Titanium concentrate Fla. and N. V. 
TripolllL2TWTX＋ea III., Okla., Ark. 
r ore and concentrate Calif., Colo., Nev., N. Mex. 
F Colo., Idaho, Utah, Ark. 
l C Mont., .C., Va. 
Wollastonite. N.Y. and Calif. 
Zinc (mine) -- Tenn., N.Y., Mo, Colo Idaho, III., Ky., N. J., Utah. 
Zircon concentrate Fla. 


STATISTICAL SUMMARY 45 


Table 3.— Value of nonfuel mineral production in the United States and 
principal nonfuel minerals produced in 1984 


Value Percent MP : | 
State (thousands) Rank p ed Principal minerals, in order of value 
Alabama $409,841 22 1.77 Cement, stone (crushed), lime, clays. 
Alaska 88,683 42 38 Sand and gravel (construction), stone (crushed), gold, 
cement. 
Arizona 1,483,479 5 6.41 Copper, sand and gravel (construction), cement, molyb- 
num. 
Arkansaass 212,628 21 1.18 Bromine, cement, stone (crushed), sand and gravel 
(construction). 
California 2,003,445 1 8.66 Cement, boron minerals, sand and gravel (construction), 
stone (crushed). 
Colorado 436,082 20 1.88 l Eee sand and gravel (construction), 
stone (crus 
Connecticut 19,696 43 .94 Stone (crushed), sand and gravel (construction), feld- 
spar, sand and gravel (industrial). 
Delaware 12,813 50 .01 Magnesium compounds, sand and gravel (construction). 
Florida... 1,510,864 4 6.52 Phosphate rock, stone (crushed), cement, sand and 
| gravel (construction). 
Georgia 940,492 7 4.06 Clays, stone (crushed), cement, stone (dimension). 
Hawaii 51.247 44 22 Stone (crushed), cement, sand and gravel (construction), 
e. 
Idaho 412,295 21 1.78 Silver, phosphate rock, molybdenum, gold. 
Illinois 471, 861 18 2.04 Stone (crushed), cement, sand and gravel (construction), 
sand and gravel (industrial). 
Indiana 293,236 25 1.27 ne 3 cement, sand and gravel (construction), 
Iowa _.._____- 253,445 29 1.10 Stone! (crushed), cement, sand and gravel (construction), 
gypsum 
Kansas 812,010 24 135 Cement, salt, stone (crushed), helium (Grade-A). 
Kentucky 256,998 28 1.11 Stone (crushed), lime, cement, sand and gravel 
(construction). 
Louisiana 511,470 16 2.21 Sulfur (Frasch), salt, sand and gravel (construction), 
cement. 
Maine 37,939 46 .16 Sand and gravel (construction), cement, stone (crushed), 
peat. 
Maryland . 241,701 32 1.04 eroen stone (crushed), sand and gravel (construction), 
clays. 
Massachusetts 107,832 39 .46 Sand and gravel (construction), stone (crushed), lime, 
Stone (dimension). 
Michigan .....- 1,408,607 6 6.08 — Iron ore, cement, magnesium compounds, salt. 
Minnesota 1,676,247 8 7.24 Iron ore, sand and gravel (construction), stone (crushed), 
sand and gravel (industrial). 
Mississippi |... 94,178 41 41 8 „ (construction), clays, cement, stone 
Missouri 731,897 8 3.16 iur lead, stone (crushed), lime. 
Montana 249,363 30 1.08 Gold, silver, copper, cement. 
Nebraska a 100,368 40 43 Cement sand and gravel (construction), stone (crushed), 
e. 
Nevada 615,753 11 2.66 ^ Gold, silver, diatomite, molybdenum. 
New Hampshire 23,112 41 10 Sand and pay vel (construction), stone (dimension), stone 
(crushed), clays. 
New Jersey 156,236 35 68 Stone (crushed), sand and gravel (industrial), sand 
and gravel (construction), zinc. 
New Mexico 619,144 10 2.68 Copper, potassium salts, molybdenum, cement. 
New Vork 612,490 12 2.65 Cement, stone (crushed), salt, sand and gravel 
(construction). 
North Carolina 451,480 19 1.95 Stone (crushed), phosphate rock, lithium compounds, 
sand and gravel (construction). 
North Dakota 21,794 48 10 Sand and gravel (construction), lime, salt, clays. 
Ohio 552,903 13 2.39 Stone (crushed), salt, sand and gravel 
(construction), lime. 
Oklahoma 245,732 31 1.06 Cement, stone (crushed), sand and gravel (construction), 
gypsum 
Oregon 120,402 87 52 Stone (crushed), sand and gravel (construction), cement, 
Pennsylvania 708,356 9 3.06 Cement: stone (crushed), lime, sand and gravel 
(construction). 
Rhode Island 11,568 49 05 Stone (crushed), sand and gravel (construction), sand 
and gravel (industrial), stone (dimension). 
South Carolina 215,850 26 1.19 Cement, stone (crushed), clays, sand and gravel 
(construction). 
South Dakota 193,407 84 84 ^ Gold, cement, stone (dimension), stone (crushed). 
Tennessee 478, 321 17 207 Stone (crushed), zinc, cement, pyrites 
Tena 1,715,407 2 7.41 Cement, stone (crushed), sulfur (Frasch), sand and 
gravel (construction). 
Uta 524,162 15 2.26 Copper, gold, cement, sand and gravel (construction). 
Vermont 45,098 45 20 Stone (dimension), sand and gravel 
(construction), stone (crushed), asbestos. 
Virginia 341.589 23 148 Stone (crushed), cement, sand and gravel (construction), 
Washington 202,624 33 .88 Cement, sand and gravel (construction), stone (crushed), 
e. 


See footnotes at end of table. 
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Table 3.—Value of nonfuel mineral production in the United States and 
principal nonfuel minerals produced in 1984 —Continued 


State Value Rank of US Principal minerals, in order of val 
of U.S. cipal minerals, in order of value 
(thousands) total 
West Virginia $112,187 88 0.48 Sons (crushed), cement, sand and gravel (industrial), 
Wisconsin 129,348 36 56 Stone (crushed), sand and gravel (construction), lime, 
sand and gravel (industrial). 
Wyoming 549,292 14 2.37 Sodium carbonate, clays, cement (portland), sand and 
gravel (construction). 
Tot all 23,150,000 XX 100.00 
XX Not applicable. 
1Incomplete total. 


Table 4.—Value of nonfuel mineral production per capita and per 


square mile in 1984, by State 
Value of mineral production 
Area Population : : 
pue (equare miles) (thousands) Total  , Persquare mile _ ^ — Per capita 
(thousands) Dollars Rank Dollars Rank 
Alabama 51,705 3,990 $409,841 7,926 23 108 20 
Alaska 591,004 500 88,683 150 50 177 10 
Arizona 114,000 3,053 1,483,479 13,013 10 486 3 
53 53,187 2,349 2,628 ; 30 116 17 
California 158,706 25,622 2,003, 12,624 12 18 m 
orado....--- , , , , 
Colorad 104,091 8,178 436,082 90 36 137 1 
Connecticut 5,018 3,154 79, 696 15,882 7 25 45 
Delaware 2,044 613 12,818 1,376 45 5 50 
Florida... 58,664 10,976 1,510,364 25,146 1 188 14 
rgia ~.______ 58,910 5,887 940,492 15,965 6 161 11 
Hawaii ..-...-.-- 6,471 1,089 1,247 7,920 24 49 86 
Idao - 83,564 1,001 412,295 4,984 82 412 5 
Illinois 56,345 11,511 471,861 8,374 21 41 89 
Indiana .......- ,185 ,498 293,236 8,104 22 53 84 
Iowa aa 56,215 2,910 253,445 4,504 35 87 22 
555 82,277 812,010 3,792 37 128 16 
Kentucky _______ 40,409 8,723 256,998 6,360 26 69 28 
Louisiana 41,151 4,462 511,470 10,711 15 115 18 
ine 265 1.156 37,939 1,140 48 83 42 
land 10,460 4,849 241,701 23,107 3 56 88 
Massachusetts 8,284 5,198 107,332 12,957 11 19 48 
Michigan 527 9,075 1, 408, 607 24,068 2 165 12 
Minnesota 84,402 4,162 1,676,247 19,860 5 408 6 
Mississippi 47, 689 2,598 94,178 1,975 43 86 40 
issourl ________ 69,697 5,008 131,897 10,501 16 146 18 
Montana 147,046 824 249,363 1,696 44 808 8 
ebraska ......— 1,855 1, 100,368 1,298 46 6 29 
Nevada 110,561 911 615,753 5,569 29 676 2 
New Hampshire 9,279 977 23,112 2,491 41 24 46 
New Jersey 7,787 7,515 156,236 20, 064 4 21 47 
New Mexico _ 121,598 1,424 619,144 5,092 31 435 4 
New Vork 49,108 17,735 612,490 12,472 13 85 41 
North Carolina 52,669 165 451,480 8,57 19 18 27 
North Dakota 70,708 686 21,794 49 32 48 
Ohio 41,330 10,752 552,903 18,378 9 51 8b 
Oklahoma 69,956 ,298 245,132 3, 38 75 26 
Oregon 073 2, 674 120,402 1,240 47 45 88 
Pennsylvania 45, 308 11,901 708,356 15,634 8 60 81 
Rhode Island 1,212 962 11,568 9,545 17 12 49 
South Carolina 31,118 3,300 275,850 8,866 18 84 24 
South Dakota 77,116 706 193,407 2,508 40 274 9 
Tennesse 42,144 4,717 478,321 11,850 14 101 21 
Texas f 15,989 1,715,407 6,429 25 107 18 
3 84,899 1,652 524,162 6,174 21 317 7 
Vermont 9,614 530 45,098 4, 691 33 85 28 
Virginia |... 40,761 5,636 941,589 8,379 20 61 80 
ashington ______ 68,138 4,349 202,624 2,974 39 47 87 
West Virginia 24,2831 1,952 112,187 4,630 34 51 82 
Wisconsin . 56,158 4,166 129,848 2,304 42 21 44 
Wyoming 97,809 511 549,292 5,616 28 1,075 1 
Total? or 
average 3,618,701 235,538 23,150,000 6,397 XX 98 XX 
XX Not applicable. 
1Incomplete total. 


Po r ludes Washington, DC (which has no mineral production), with an area of 69 square miles and a population of 
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Table 5.—Nonfuel mineral production’ in the United States, by State 


1982 1983 1984 
Mineral l Value i Value ; Value 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 
ALABAMA 

Cement: 

Masonry ----—- thousand short tons 150 $9,086 210 $13,417 259 $17,247 
Portland . ------------- do- 2,558 104,461 3,219 150,255 8,656 167,191 

v RR do- 1.323 18,193 1,863 20,758 1,906 80,500 
Gem stones NA 1 NA 1 NA 1 
FFF thousand short tons 907 42,380 981 41,149 1,163 50,560 

Sand and gravel 
Construction ~~~ do. _ 7,019 17,226 *8,600 *23,500 10,848 26,188 

" Industrial _______.______ do- 8,096 418 3,256 442 8,600 

tone: 
TTT do... 21,200 89,600 20, 558 95,374 22,000 *98,500 
Dimension ----------—- do... re, r eg, 094 7 2,661 *8 2, 674 
Combined value of bauxite, clays (bentonite), | 
phosphate rock (1982-83), and salt XX 13,025 XX 710,956 XX 13,880 
C See XX 1299, 162 XX 1361, 327 XX 409,841 
ALASKA 
Gem stones NA $60 NA $60 NA $60 
Gold (recoverable content of ores, etc.) 
troy ounces.. 30,513 11,470 79,523 16,758 28,282 8,879 
Sand and gravel (construction) 
thousand short tons 40,832 74,895 45,200 97, 200 30,861 66,883 
Silver (recoverable content of ores, etc.) 
thousand troy ounces... 2 17 4 41 W 
Stone (crushed) ___ thousand short tons 5,100 25, 200 1,981 9,460 2,500 10,800 
Combined value of cement (portland, 1984), 
Esos (1982-83), lead (1982-83), tin, and 
indicated by symbol W.. XX 1,269 XX 971 XX 2,561 
Total o uon DUE E XX 112,911 XX 1124, 496 XX 88,688 
ARIZONA 
Class thousand short tons 143 $998 151 $1,425 188 $819 
Copper (recoverable content of ores, etc.) 
metric tons... 769, 521 1,235,055 678, 216 1,144,285 746,453 1,100,182 
Gem stones NA 2, 800 NA 2,800 N 2,7 
Gold (recoverable content of ores, etc.) | 
troy ounces. — 61,050 22,949 61,991 26,284 51,548 18,591 
NS thousand short tons 175 1.205 265 1,929 261 2,882 
iM (recovarabls content of ores, etc.) 
metric tons 859 202 1155 74 W W 
Lime MORE NEUE TUN thousand short tons 326 17,080 340 16,700 859 17,804 
Molybdenum (content of concentrate) 
ousand pounds. — 20,445 89,928 28,984 780,210 24,018 76,112 
— E thousand short tona. . 1 7 2 15 21 

Send and gravel 
Construction do... 19,124 58,375 23, 200 75, 000 30,489 101,959 
Industrial ocu 107 1,617 W W W 

Silver (recoverable content of ores, etc.) 

MA thousand troy ounces. . 6,309 50,159 4,492 51,888 4,098 83,820 
Crushed _ - thousand short tons *5,200 *22.200 4,155 24,079 *5,200 27,300 
Dimension do... re) " Q) 1 e(3) 0. 

Combined value of cement, perlite, pyrites, 

; galt, tin (1984), and values indicated by 
symbol Ut XX 79,105 XX 87,449 XX 102,889 
Total ee a ee ——M— XX 1,581,681 XX 1,511,684 XX 1,483,479 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


See footnotes at end of table. 


1982 1983 1984 
Mineral Value Value Value 
Quantity (thousands) Quantity) (thousands) Quantity (thousands) 
ARKANSAS 
Abrasives short tons 1,085 $469 W -W 
3 thousand short tons 629 6, 658 879 39,956 1,019 $1,838 
Gem stones NA 200 NA N 200 
Sand and gravel: E 
Construction .. thousand short tons_ _ 6,936 18,700 *6,900 *19,600 8,334 23,786 
Industrial _____________ do____ 471 5,6 386 4,796 459 : 
ne: 
hed. on. eee do...  *13,00 “48,500 13,448 51,267 115, 200 €59,800 
Dimensioonnn do- r eg r 574 9 573 DEM ace 
Talon 88 do— 13 92 7 66 W W 
Combined value of barite (1982), bauxite, 
bromine, cement, gypsum, lime, tripoli, 
-vanadium (1982 and 1984), and values indi- | 
cated by symbol VVV. XX 169,754 XX 159,972 XX 174,797 
Totül. ³oWAA ey Seed ny XX 17250,5172 XX 246,430 XX 212,628 
CALIFORNIA 
Boron minerals thousand short tons 1,234 $384,597 1,303 $439,181 1,367 $456,687 
Cement, portlanßaaga 8 6,464 401,883 7,561 420,949 8,715 520,026 
la Be AR ee ee ee Ona c 1,762 15,642 21,816 218,255 22,100 323,868 
5 MTS 8 do____ 340 68,139 W W W W 
Gem stones NA 250 NA 300 NA 500 
Gold N content of ores, etc.) 
troy ounces... 10,547 3,965 38,443 16,300 85,858 30,965 
Gypsum- ------- thousand short tons 1,088 10,614 1,213 10,668 1,382 12,443 
Line ne A fece do- 364 ,000 358 22,994 406 26,827 
PORE ses yy 8 0 —— W W 13 612 W W 
Pumice --—----—---------——- o- 59 1,285 65 1,582 80 1,600 
Sand and gravel 
Construction ac pete 81,147 270,995 91.000 *308,700 102.420 360.427 
Industrialãmi _ 8 16 „528 2,150 84, 2,281 39,176 
Silver (recoverable content of ores, etc.) : 
8 thousand troy ounces. — 34 271 27 308 W ~- W 
tone 
ed______ thousand short tons... 28, 500 e105, 400 35,582 146,289 38,600 *158,000 
Dimension ee r e20 r eg 727 20 2,839 22 2, 990 
I! ·ͥ⁰·⁰·¹¹¹¹¹A rr NE eee PV 85 1,699 71 1,289 74 1,642 
Combined value of 5 calcium chloride, 
carbon dioxide (1982), cement (masonry), 
clays (fire clay, 1983-84), copper, feldspar, 
iron ore, lead, magnesium compounds, mo- 
lybdenum (1982 and 1984), perlite, potassi- 
um salts, rare-earth metal concentrate, 
salt, sodium carbonate, sodium sulfate, 
tungsten ore and concentrate, wollastonite, 
and values indicated by symbol W_ _ _ _ _ — XX 293,851 XX 1359,218 XX 368,294 
CCC JO XX 1,611,846 XX 1,783,550 XX 2,008,445 
COLORADO 
Clays _________ thousand short tons 201 $1,124 459 $2,650 308 $2,111 
Copper (recoverable content of ores, etc.) 
metric tons 515 922 W W W W 
Gem stones NA 80 NA 80 NA 80 
Gold (recoverable content of ores, etc.) 
troy ounces... 64,584 24,218 63,063 26,139 60,010 21,643 
Gy eun NORTE RR thousand short tons 184 1,571 W W 291 W 
olybdenum ___ thousand pounds 41,691 860,626 TW TW W W 
Pent. -— ———— thousand short tons 47 275 W W W W 
Sand and gravel 
Construction do... 18,590 58,4665 21, 200 781,600 28,024 87,324 
IndustrialãL ll do... 222 3,266 212 3,233 149 2,213 
Silver (recoverable content of ores, etc.) 
thousand troy ounces. _ 1,934 15,378 2,146 24,546 2,200 17,909 
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Table 5.—Nonfuel mineral production’ in the United States, by State —Continued 


| 1982 1983 1984 
Mineral ; Value ; Value : Value 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 
COLORADO Continued 
Stone: | 
hed . ____ thousand short tons .. *6,900 eg27, 800 6,790 $22,149 7, 200 2826, 200 
Dimension |... do ey r egg 1 86 o ME *87 
Combined value of beryllium concentrate 
(1982), carbon dioxide (1982), cement, iron 
ore, lead, lime, perlite, „pyri yrites (1982 and 
1984), salt (1982 and 1984), tin (1982 and 
1984), tungsten ore and concentrate, vana- 
dium, zinc, and values indicated by sym- 
Ol Wa ctu ue egre XX 142,049 XX T175,969 XX 278,515 
Total uo tees ei Ses xx ™635,920 XX . 931,652 XX 436,082 
CONNECTI 
Clays _________ thousand short tons 56 ^ $329 86 $515 99 $565 
Lime fin ee do... 8 568 5 400 W W 
Sand and gravel: | 
Construction do- 4,887 16,237 5, 000 17,900 6,718 22,817 
š Industrial .. do 80 1,746 W W W W 
tone: ' 
Cruse do 6, 100 22 700 1,692 45,890 eg, 200 449, 400 
Dimension do... 1 616 F 6953 18 1,028 *18 *1,080 
Combined value of feldspar, gem stones, mica | 
(scrap), and values indicated by symbol W XX 3,299 XX 5,480 XX 5,834 
Total- ——— XX 155,802 XX 71,213 XX 19,696 
DELAWARE | 
Marl (greensand) __ thousand short tons — Aa oe re 1 $18 
Sand and gravel (construction) do 1.300 $3,197 *1,400 *$3,200 1,003 2,795 
Totaal XX 3,197 XX 3,200 XX 2.813 
| FLORIDA 
Cement | 
nry _____ thousand short tons 231 $16,267 313 319.557 383 $24,624 
Portlanßddiii do_ _ __ 2,651 136,190 3,329 164,048 3,564 172,548 
Clays uno ess ee en do- 672 231, is 684 81,566 772 ; 
Gem stones NA NA 6 NA 6 
Line thousand short tons. . 103 5,828 W 13,881 171 9,379 
Peat —— ... ee do- 120 1,575 114 1,999 263 5,454 
Sand and gravel : | 
Constructioonnn ~~~ do... 13,616 30,081 114, 900 €31,500 21,032 48,494 
Industrial ~. =. _-. _-___.___ do____ 341 4,257 329 3,447 1,533 9,815 
Stone (crushed) ____________ _ do... 25g, 100 €182,300 57,282 235,700 68,500 2290, 000 
Combined value of CAS (kaolin, 1982), mag | | 
nesium compounds, phosphate rock, rare- 
earth metal concentrate, staurolite, tita- 
nium concentrates (ilmenite and rutile), | oon 
and zircon concentrates... XX 815,155 XX 7774, 122 XX 915,996 
T md CA XX 1,222,998 XX 71, 275, 826 XX 1,510,364 
GEORGIA 
Clays _________ thousand short tons... 6,773 $415,168 7,859 $560,005 8,679 $600,029 
Gem stones NA 20 NA 20 NA 20 
Sand and R 
Construction thousand short tons 3,166 8.361 93,800 *9,400 5947 13,623 
S Industrial _______~_______ do... 541 . 6,193 539 7,298 478 6,795 
tone: l f . 
Bd us ͥ do... *34,800 €153,500 41,100 r186,193 45900 220, 000 
Dimensio-n --— do- r 6182 r 19,375 183 121,019 202 220,007 
NG rae ³˙ AA ⁵ K arr do 20 141 14 101 15 104 
Combined value of barite, bauxite, cement, 
feldspar, iron oxide pigments (crude), kya- 
nite, mica (scrap), and p eat XX 54,880 XX 65, 536 XX 79,914 
Totál ccenn XX 7 18, 838 XX T849,572 XX 940,492 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


1982 1983 1984 
Mineral : Value : Value ; Value 
« Quantity (thousands) Quantity (thousands) Quantity (thousands) 
HAWAII 
Cement 
Masonry ....- thousand short tons 6 $554 6 $641 5 $192 
Portland ______________~_ do... 221 18,122 216 20,673 186 18,282 
Sand and gravel (construction) _ _ do- 449 1,221 *440 *1,000 436 2,081 
Stone: 
Crushed________________ do... *4,500 €26,600 5,532 29,703 *5,400 29, 700 
Dimension do_ _ _ _ e(3) *4 È) 3 d ce 
Combined value of gem stones, lime, and 
ii E XX 388 XX 391 XX 442 
/f ³ AAA ye ees XX 46,889 XX 52,411 XX 51,247 
IDAHO 
Antimony ore and concentrate, antimony 
content______________ short tons 294 W 585 W 551 W 
Clays naaa thousand short tons. . 8 $101 6 $91 51 $2438 
Copper (recoverable content of ores, etc.) 
metric tons... 8,074 4,933 3,556 6,000 8,701 5,455 
Gem stones NA 15 NA 100 NA 1 
Lead (recoverable content of ores, etc.) 
metric tons W W 25,893 112, 376 W W 
Line thousand short tons W W 85 7,686 87 5.616 
Phosphate rock __ thousand metric tons W W W W 4,122 ; 
Sand and gravel (construction) 
thousand short tons 2,340 6,258 $3,000 ^. *9,800 4,125 13,509 


Silver (recoverable content of ores, etc.) 
thousand troy ounces. . 14,830 117,901 17,684 202,308 18,869 153,608 

Stone (crushed) ___ thousand short tons... 1,200 *6,000 1,935 7,480 1,800 91,100 

Combined value of coment, arnet (abra- 
sive ), gold, gypsum, mol ly enum (1984), 
perlite, pumice, sand and gravel (industri- 
al), stone (dimension), tungsten ore and 
concentrate (1982-83), vanadium, zinc, and 


values indicated by symbol V XX T168,041 XX 169,318 XX 100,028 
!!! XX 1303, 309 XX 415,159 XX 412, 295 
ILLINOIS 

Cement, portland __ thousand short tons 1,757 $78,444 1,857 $74,975 1,997 382, 622 

A do 455 2, 305 717 3,360 253 940 

Gem stones NA 15 NA 15 NA 15 

Peat . thousand short tons W W W W 49 W 

Sand and gravel: 
Construction do... 21,557 59,149 221, 100 €58,400 25,969 72,477 
8 Industrial do____ 3,989 45,665 4,060 42,871 4,100 52,197 
tone: 

Crused _ do... 442,900 *148,300 42,161 166,860 48, 500 €191,600 

Dimension do— e2 r e43 2 71 


Combined value of barite, cement (masonry), 
clays (fuller’s earth), fluorspar, lead, lime, 
xir o zinc, and values indicated by 


ee ee 8 vh X 55,618 XX 60,355 XX. 72,010 
TOUR] 5 2 2 ³ [Dre eee XX T389,539 XX 406,907 XX 471,861 
INDIANA 
Cement, portland thousand short tons. _ 1,523 $58,055 W W W W 
% 8 do. ... 501 1,221 2558 2$1,421 2653 2$2,085 
Gem stones NA 1 NA 1 NA 1 
Peat .- thousand short tons 89 2,243 81 1,973 61 1,358 
Sand and gravel: 
Construction. ____________ do- 13,097 34,579 214, 400 37,900 16,071 44,744 
Industrial 988 W W W W 194 1.129 
ne: a 
Crushed_ J -do ... 220,300 *65,500 24,051 82,182 *26,100 *99,400 
Dimension do... r €127 r €11,626 144 11,015 159 14,269 


Combined value of abrasives (natural), ce- 
ment (masonry), clays (fire clay, 1983-84), 
um: lime, and values indicated by sym- 


————— 8 || XX 40,199 XX 115,450 XX 130,250 


e euni e XX 1 213,424 XX 250,542 XX 293,236 
See footnotes at end of table. 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


1982 1983 1984 
Mineral . Value 
Quantity thousands) Quantity (thousands) Quantity (thousands) 
IOWA 
Cement 
nry .-.-- thousand short tons. W 37 $3,425 42 $3,260 
Portlaaddſ 02 —— 1.622 $82,225 1,644 81,836 1,730 92,699 
Clays oue erue do... 2,392 516 ; 2,695 
Gem stones NA 1 NA 1 NA W 
Gyp sum thousand short tons 1,177 11,345 1,612 13,518 1,527 12,421 
Poat aos uc 8 do... W W W W 11 00 
Sand and gravel (construction) .. .. do 10,064 25,618 11, 800 *32,800 18,882 $7,027 
Stone (crushed) __..________ do... 222,600 €88,800 24,844 101,097 923,800 *100,000 
Combined value of lime, sand and gravel 
(industrial, 1982), stone (dimension, 1982- | 
83), and values indicated by symbol W XX 18,028 XX 5,425 XX 4.943 
Total ö·Üà—l ⅛¾ . ⁰⁰y iss XX 1218, 409 XX 247, 360 XX 253,445 
KANSAS 
Cement: 
Masonr)/ thousand short tons. .. 46 $2,628 W W W W 
Portland o LL 1,549 19,558 W W W W 
ys -------———- — do 664 8,656 718 $3,921 918 $5,537 
Gem stones NA 1 NA 1 NA 1 
Helium 
Crudle million cubic feet ae ee 188 3,572 402 8,844 
Grade Al do- 790 26,860 7175 27,125 1,015 88,063 
Salt  .. thousand short tons 1,601 72, 146 1,719 67,195 1,712 71,558 
Sand and gravel: 
Constructioõn do- 9,720 20,612 12,400 226,600 11,796 26,358 
„ 717177 ee eet do... 831 3,635 199 2,184 W W 
ne: 
shed |... LLL ______ do_ _ _— *14,400 *41,100 112,687 145,121 13, 600 248, 500 
Combined value of gypsum, lime, pumice, salt 
(brine), stone nena) and values indi- 
cated by symbol W_______________ XX 16,728 XX 91,866 XX 113,149 
M ³·¹Üw Se Iouem XX 1256,924 XX 1267, 585 XX 812,010 
KENTUCKY 
Clas thousand short tona. _ 2579 2$2,039 2669 282,142 802 $1,211 
Gem stones NA 1 NA 1 NA 1 
Sand and gravel: | 
Construction... thousand short tons 6,499 15,936 $5,500 *13,000 7,839 18,252 
Industrial do- 7 116 10 124 W W 
Stone (crushed)... do... 29, 500 2104, 300 33,399 117,842 87,300 133,000 
Combined value of cement, clays (ball clay, 
1982-83, fire clay, 1983), lime, and zine XX . 84,555 XX 91,408 XX 98,468 
Total. ee XX 206,947 XX 224,517 XX 256,998 
LOUISIANA 
clas thousand short tona... 326 2$6,216 2505 $10,798 547 2310,858 
Gem stones Else ĩ d eu NA 1 NA 1 NA 1 
[ls thousand short tons. . 12,171 117,569 11,544 100,986 13,101 112,142 
Sand and gravel: 
Construction do... 16,558 50,66 14.200 *46,600 17,040 54,664 
Industria!!! do... 378 4,590 291 4,252 266 8,151 
Stone (crushed) -.........-- do. ..- W W 5,758 25,702 *4,100 *19,500 
Sulfur (Frasch) _. thousand metric tona. _ 1,239 W 1,643 W 2,007 W 
Combined value of cement, clays (bentonite, 
1982 and 1984), „lime, and values 
indicated by IW 22225. XX 238,325 XX 258,477 XX 810,548 
Total... omnc uenia XX 417,661 XX 446,161 XX 511,470 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


1982 1983 1984 
Mineral Value Value ! Value 
Quantity (thousands) Wuantity (thousands) Quantity (thousands) 
MAINE 
Clays 2-26 thousand short ton 37 M 6 43 $93 43 $97 
[MN aR Deets RS mM 8 do- 8 W W W W 
Sand and gravel (construction) _ . do- 6,701 15, ne 4, 800 *12,100 7,885 19,228 
Stone (crushed) ~- —-—--------- do— 1, 200 4 000 848 2, 851 €1,300 €4,400 
Combined value of other nonmetals and val- 
ues indicated by symbol W |... XX 716,003 XX 11,319 XX 14,214 
Tol ucro Eua ctos XX 785,705 XX 26,363 XX 87,939 
MARYLAND 
Clay -_---—- thousand short tona 405 $1,946 484 $1,747 347 $1,484 
Gem stones NA 2 NA 2 NA 2 
pane 33 thousand short tons. — 7 396 7 383 7 419 
Peat- --—-—-------------- do- 4 W 4 W 5 W 
Sand and gravel (construction) _ _ do- 9,720 32,886 10,600 *37,800 14,234 46,671 
ne: 
Crushedd ---- do... 215, 100 78500 19,284 80,429 22, 100 *94,000 
Dimension do . 10 r 6470 12 682 217 2864 
Combined value of cement, clays (ball clay), 
sand and gravel (industria, 984), and val- 
ues indicated by symbol W ~- -.-----—- XX 62,891 XX 78,866 XX 98,261 
Total 4 ⅛%Ü1 ann att XX T170,991 XX 199,409 XX 241,701 
MASSACHUSETTS 
Clayous thousand short tons 210 $1,115 237 $1,298 240 $1,212 
Line 5 do- 135 9,414 156 10,671 171 12,426 
Send and gravel 
Construction do_ _ __ 12,008 34.438 10,400 *36,200 14,168 42,139 
io MEAM ETE AS do- 140 1,615 W | W 
ne 
Ed cuc E do... *6,900 *33,500 7,740 36,002 28, 400 €39,000 
Dimension do r e55 r €11,399 51 10,488 257 11, 657 
Combined value of 5 stones, peat, and 
values indicated by symbo . 8 XX 62 XX 1.016 XX 898 
TOL- as AA oh 8 XX 791,548 XX 95,675 XX 107,332 
MICHIGAN 
Cement 
nr thousand short tons - 136 $8,752 W W W W 
Portlasdddddii do 254 149,533 W W Ww 
JJ! ĩͤ E do— 1.022 4,370 1,199 $5,693 1,321 $5,052 
Gem stones NA 15 NA 15 NA 15 
8 thousand short tons 682 5,150 1,097 8,104 1,534 10,304 
Iron ore (usable). - thousand long tons, 
gross weight. W W 10,713 W 13,263 W 
Line thousand short tons 511 26,823 503 23,142 80,092 
Pil. t m 88 . 241 4,917 215 4,286 221 4,941 
Ul AVENTURE NE ENS do____ 2,002 106, 308 1,355 93 306 1,491 93,860 
Sand and gravel 
Construction_____________ do...- 20,561 41,126 €23,000 *52,300 36,071 76,540 
r „ JJC eee do— 2.920 21.934 8,545 27,577 8,400 38,060 
e: 
Crushed_ -—-------------- do... 220, 700 267, 100 24,763 82,152 28, 100 92,000 
Dimension _____________-_ do- 7895 112 4 8129 
Combined value of bromine, calcium chloride, 
copper (1982), iodine, iron oxide pigments 
(crude), magnesium compounds, silver 
(1982), and values indicated by symbol W .. XX 592,451 XX T882,239 XX 1,063,214 
TOU] o M -a Se et ie XX 1,035,169 XX "1,178,926 XX 1,408,607 
MINNESOTA 
Gem stones NA $5 NA $5 NA $5 
Iron ore (usable)_ _ _ _ — thousand long tons, 
gross weight. 23,115 1,021,056 30,699 1,842,455 85,602 1,561,516 
Line thousand short tons . 133 4,694 W W W W 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production’ in the United States, by State —Continued 


1982 1983 | 1984 
Mineral m Value ! Value Value 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 
MINNESOTA —Continued 
Manganiferous ore _ __ __ short tons 16,307 W 11.314 W 68,019 . - W 
Pit -— ee thousand short tons W W W W 24 W 
Sand and gravel 
Construction ----- do— 20, 276 $44,222 224, 600 853,000 22,612 $49,087 
gamete EN aE ROB CERO MEE do 694 5,903 685 12,932 W W 
ne: | 
MOTOREN T eee A do— 7,100 €20,900 8,580 25,320 *8,900 *25,800 
Dimensioůnn do... r e29 r *10, 956 28 11,965 99 *13,969 
Combined values of clays and values indi- | | i 
cated by symbol T xx 1,406 XX 9,953 XX 26,410 
CCC XX 11,109,142 XX 1,455,030 XX 1,676,247 
MISSISSIPPI 
Clays _________ thousand short tons 805 $21,181 1,446 23,846 2,398 : $30,565 
Sand and gravel (construction) _ _ do- 9,455 27,115 211, 000 84,600 12,205 94 ,955 
Stone (crushed) -~ ) do- W wW 1,651 4,811 *2,000 *5, ,800 
Combined value of cement, sand and gravel 
eri quiu and value indicated by sym- 
r oce T XX 24,389 XX 26,882 XX 22,858 
zz e cte ec XX 12,685 XX 89,705 XX 94,178 
MISSOURI . 
5 teda c ene thousand short tona. _ 107 $5,703 W W W W 
men ' 
Masonry .....-.--------do...- 88 4,855 146 $7,339 143 $7,088 
Portland _______________ do- 3,205 120,339 8,499 157,249 3,981 178,225 
e nur do— 1,883 13,409 1,418 11,848 1,575 14,666 
Copper (recoverable content of ores, etc.) 
metric tons 7,941 12,745 1,125 13,033 §,818 8,575 
Gem tones NA 10 NA 10 NA 10 
Iron ore thousand long tons 717 W 877 21,054 1,370 W 


Lead (recoverable content of ores, etc.) | | 
metric tons 474,460 267,150 409, 280 195,620 278, 329 156,766 


Sand and gravel: 
Construction thousand short tons 6,359 14,477 7, 700 17,700 7,967 19,364 
Industrial ______________ do 750 8,997 600 7,541 614 8,129 
Silver (recoverable content of ores, etc.) 
gis thousand troy ounces. _ 2,241 17,817 2,021 23,124 1,401 11,406 
ne: 
7 ue. thousand short tons. . 8, 600 *113,300 39,454 120,700 41, 600 137,000 
Dimension do— e(3) €18 W W W W 


Zinc irécoverable content of ise etc.) 
tons. 63,680 54,009 51,044 52,052 45,458 48,707 
Combined value of clays (fuller' a eerth and 
kaolin, 1984), iron oxide pigments (crude), 
lime, stone (dimension), and values indi- 


cated by symbol VL XX 7100,032 XX "92,598 XX 142,016 
Titel oe eect ee ee XX 17 2,856 XX 725, 868 XX 781,897 
MONTANA 
Antimony -.-----------— short tona. 209 W 253 W NE "E 
. thousand short tons... W W 10 $150 W 
JJ 86 do— 2218 238,064 194 6,205 397 $15,260 
Copper (recoverable content of ores, etc.) 
metric tons 64,951 104,245 33,887 56,245 W W 
Gem stones NA 900 NA 450 
ain dz 8 : 15,171 28,258 161,486 68,449 181, 190 65,848 
Lead (recoverable content of ores, etc.) " i i i 
metric tons 661 872 1,163 556 W W 
Line thousand short tona. _ 45 2,331 86 W 89 5,097 
Send and gravel (construction) _ _ do- 5,388 12,794 $5,000 *10,200 7,776 21.289 
Silver (recoverable content of ores, etc.) 
thousand troy ounces... 6,169 49,041 5,708 65,299 5,653 46,018 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production’ in the United States, by State —Continued 


f 
A 


1982 1983 1984 


Mineral i Value ; Value : Value 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 
MONTANA —Continued 
Stone (crushed) ___ thousand short tons. *1,400 *$4,700 872 132,320 *950 *$2,400 
Zinc (recoverable content of ores, etc.) 
metric tons W W d MN us a 
Combined value of cement, clays (fire clay, 
1982), hite, gypsum, iron ore, molybde- 
num (1983), peat, phosphate rock, sand and 
gravel (industrial), stone (dimension), talc, | 
tungsten ore and concentrate (1982), ver- 
miculite, and values indicated by symbol W XX 160,701 XX 181,644 XX 98,521 
777 ͤ a LL a XX 1270, 731 XX 1291, 968 XX 249,63 
Clays _________ thousand short tons. 134 $392 164 $501 180 $556 
Sand and gravel 
Construction__.___.._---- do... 9,713 23,851 110, 100 25, 000 11,839 27,791 
Industrial do... 14 105 4 W W W 
Stone (crushed) |... do... 3.100 *14,300 14,442 122,612 4, 500 23, 400 
Combined value of cement, gem stones, lime, 
and values indicated by symbol WW XX 36,632 XX 39,296 XX 48,621. 
OCA cath TT XX | 15,280 XX 187,409 XX 100, 368 
NEVADA 
Barite . thousand short tons 1.575 322.727 663 $21,736 615 $14,924 
G W do- 103 2, 640 58 2,348 220 21,191 
Gem stones NA 1,200 NA 1,200 NA 1,300 


Gold (recoverable content of ores, etc.) 
troy ounces__ 751,099 284,601 "914,531 r387,761 997,508 300.153 


Gypsum thousand short tons - 656 4,523 998 1,896 1,192 i 
Iron ore thousand long tons 77 1.119 W W W 
Lead (recoverable content of ores, etc.) 
metric tons W W 14 7 W W 
Mercury 76-pound flasks_ . 25,160 W 25,070 W 19,048 W 
Sand and gravel: 
Construction thousand short tons 6,027 11,724 $7,500 *16,200 8,202 20,505 
Industrial do W W W W 489 W 
Silver (recoverable content of ores, etc.) 
thousand troy ounces. . 3,142 24,981 5,164 59,073 6,477 52,727 
Stone (crushed) ___ thousand short tons €1,300 €4,500 1,269 5,358 *1,100 4,700 


Combined value of cement (portland), clays 
(fuller's earth and kaolin, 1984), copper, 
diatomite, fluorspar, lime, lithium, magne- 
site, molybdenum, perlite, salt, tungsten 
ore and concentrate (1982 and 1984), and 


values indicated by symbol W ___ XX 144,448 XX "111,178 XX 151,781 
Total- 2x58 d XX 532,463 XX 1612,757 XX 615,753 
NEW HAMPSHIRE 
Sand and gravel (construction) 

Es thousand short tons 4,332 $12,593 4,000 812,100 5, 637 $16,054 

ne: . l 
Crushed. - -—------------- do— e600 €3,100 946 2,853 850 2,700 
Dimensioů-r „ do— r e55 r €3,593 58 4,032 59 4, 198 
Combined value of other nonmetals XX 101 XX 101 XX 160 
| ————— XX 119.387 XX 19,086 XX 23,112 

NEW JERSEY 

Clans thousand short tons 63 $566 62 $596 61 $611 
Gem stones NA 1 NA 1 NA 1 
Pest thousand short tons W W W W 5 128 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


See footnotes at end of table. 


1982 1983 1984 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 
NEW JERSEY —Continued 
Sand and gravel: 
Construction thousand short tons 7,940 $25,122 10, 800 *$34,300 9,545 $31,878 
dustrial _.____________ do... 2.140 28,151 2,386 31,819 2, 112 32, 
Stone (erused ) do 210,700 €57,800 12,301 70,421 e13, 500 €75,000 
Zinc (recoverable content of ores, etc.) 
metric tons. . 16,800 14,248 16,475 15,033 W W 
Combined value of magnesium compounds 
(1982-83), marl (greensand), stone (dimen- 
sion), titanium concentrate (ilmenite, 1982), 
and values indicated by symbol W xx 15 845 XX 2,445 XX 16,831 
Totila XX 7132, 333 XX 154,615 XX 156,236 
NEW MEXICO 
Class thousand short tons 260 28112 50 $115 61 $143 
Gem stones NA 200 NA 200 NA 200 
Gyps um thousand short tons. _ 198 887 169 1,016 818 1,622 
Lead (recoverable content of ores, etc.) 
metric tons W W 258 123 t "PE 
Lime thousand short nac W W 17 W — = 
Perlite __________________ eu 408 13,355 394 13,297 416 14,115 
Potassium salts __ thousand metric tona. - 1,497 204,600 1,278 174, 700 1,418 ,100 
Pumice .. _ thousand short tons 97 809 110 1,070 182 1,269 
Sand and gravel (construction) ~ - do- 5,616 17,670 7,000 20 000 8,363 22,389 
Silver (recoverable content of ores, etc.) 
8 thousand troy ounces. . 805 6,397 W W W W 
tone 
DOLLS thousand short tons e2 800 213,700 4,130 115,118 24,700 “17,000 
Dimension o- *18 r e141 18 141 eig 149 
combined value of carbon dioxide (1982), 
cement, clays (fire clay, 1982), copper, gold, 
helium (Grade-A), mica (scrap), molybde- 
num, salt, sand and gravel (industrial, 
1982), tungsten ore and concentrate (1984), 
and values indicated by symbol v XX 171,432 XX 291,411 XX 358,157 
Total c cune ee a XX 1429, 303 XX 1517, 191 XX 619,144 
NEW YORK 
Clay“ thousand short tons 352 $897 871 $869 543 $2,435 
Gem stones NA 30 NA 30 NA 30 
: Lead (recoverable content of ores, etc.) 
metric tons 1,065 600 1,299 621 W W 
Peunt thousand short tons W W 18 W W W 
S a ee ee ME do- 6,205 117,718 4,859 100,119 5,644 123,755 
Sand and gravel 
Constructioůᷣnn do_ ___ 17,338 46,871 713, 700 54, 200 25,968 80,866 
Industrial do- 45 512 W 25 260 
Silver (recoverable content of ores, etc.) 
S thousand troy ounces. . 21 216 33 379 W W 
ne 
r hed |... thousand short tons. . 928,700 €132,800 31,991 T134,152 3, 100 e135, 000 
Dimension do- 22 1 03,952 24 4,310 915 *4211 
Zinc (recoverable content of ores, etc.) 
metric tons 52,231 44,808 66,748 51,788 Ww Ww 
9 value of cement, clays (ball clay), 
ry, garnet (abrasive), gypsum, iron ore 
(1982). ‘lime, talc, titanium concentrate 
(ilmenite), wollastonite, and values indi- 
cated by symbol H XX 155,959 XX 156,351 XX 265,878 
/ P— XX 503,858 XX 503,414 XX 612,490 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


1982 


1984 


Mineral . Value ; Value ; Value 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 
NORTH CAROLINA 
Clays _._______ thousand short tons. _ 31,573 235,243 22,068 256,681 2,327 $8,987 
Feldspar kk short tons.. 428, 755 12,255 508, 641 13,610 510,275 13,994 
Gem stones NA 50 NA 50 NA 50 
Mica (scrap) — ~~ — — thousand short tons 61 4,198 69 4,266 79 8,762 
Sand and gravel 
Construction- - - - --------- do... 5,198 15,395 *5,600 *16,900 6,312 18,159 
" Industrial ________-_____ do... 716 4,878 1,066 11,689 1,158 12,864 
tone: 
Cruse do- e 2500 €117,600 33,694 1145, 001 38, 100 168,000 
Dimension ____....__~____ do- r 6165 r 8,457 87 8,267 WwW Ww 
Talc an ere 3 do- 83 1,266 89 1,452 87 1,587 
Combined value of cement, clays (kaolin, 
1982-83), lithium compounds, olivine, peat, 
phosphate rock, and value indicated by 
symbol W “,”, XX 135,142 XX 190,641 XX 224,077 
Ü Q XX 1305, 079 XX 398,557 XX 451,480 
NORTH DAKOTA 
Gem stones NA $2 NA $2 NA $2 
Line thousand short tons W 57 6,798 60 5,912 
Sand and gravel (construction) do- 2,347 4,873 *3,800 *15,000 6,426 11,351 
Combined value of clays, peat, salt, and value | 
indicated by symbol w XX 8,102 XX 3,510 XX 4,529 
Total- c pale XX 12,977 XX 25,370 XX 21,794 
OHIO 
Cement 
Masonry —____ thousand short tons 86 $6,170 97 $7,454 101 $8,092 
Portland ~- ------------- do- 1.326 59,598 1.575 71.599 1.525 69,810 
e easier enis do. ... 1,451 6,100 1,716 8,061 1,960 10,473 
Gypsum- eoo ee do... 109 1,335 W W W W 
/Cͤ·Ü ð³ AA ĩðâ 8 do- 1,666 16,310 1,906 84,928 1,859 87,951 
Pent 4 cree ee do- 5 144 W 13 345 
J))öÜ·Ü5ĩ nc e do. ___ 3,514 90,572 2,565 85,988 W W 
Sand and gravel 
Construction do— 26, 160 83,015 227, 200 €84,600 31,748 104,709 
Š Industrial do. ... 1,223 17,816 1,226 17,848 ; ,829 
tone: 
Crüshed.. - ------------- do... 230, 300 e105, 200 32,937 114,059 38, 500 139, 000 
Dimension do... reg r e, 765 49 2.923 €37 93,454 
Combined value of abrasives, gem stones, and 
values indicated by symbol W ________ XX 135 XX 1,684 XX 108,240 
CCC XX 4449, 120 XX 479,144 XX 552,903 
OKLAHOMA 
Cement 
nry ____- thousand short tons W W 45 $3,074 49 $3,506 
Portland .-------------- do... W W 1,719 83,685 1,732 84,701 
§ö§Ü˙ AAA 8 do- 752 31.907 862 288 979 2,498 
Gem stones! NA 2 NA NA 2 
Gyps um thousand short tons 1,254 10,089 1,351 11,571 1,549 13,485 
Pumice - -—--------------—— do— W W 
Sand and gravel 
Construction do... 7,490 17,733 €1,500 *17,300 10,984 26,582 
8 Industrial do_ _ __ : 13,114 1,184 13,221 W 
tone 
Crushed. ~~__-__-___ do... 330, 100 84,200 23,865 16,941 25, 500 €86,000 
Dimension do- r eg 1 589 737 €12 e" 
Combined value of felds iodine: lime, salt, 
tripoli, and values indi cated by symbol W XX 97,031 XX 17,367 XX 28,187 
Total oe to at eA e XX 994,665 xx 226,186 XX 245,132 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


1982 1983 1984 
Mineral : 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 
OREGON 
| Clays — 3 thousand short tons 149 $212 188 $215 189 $288 
Gem stones NA 500 NA 600 NA 400 
Gold (recoverable content of ores, etc.) 
troy ounces. — W W 322 137 W W 
Nickel (content of ores and concentrates) 
short tons 8,203 W zn. ne 14,540 W 
Sand and gravel (construction) | 
thousand short tons. 9,513 30,629 111, 000 *37,000 12,716 87,117 
Silver (recoverable content of ores, etc.) 
thousand troy ounces. _ T» d 1 10 W W 
Stone (crushed) ... thousand short tons. 114, 200 *41,900 13,089 4F99,878 12 500 €37,500 
Tale and soapstone -~ - --------- do— (3) 82 (3) 123 (°) 
Combined value of cement, copper (1983), | 
diatomite, lead (1983), lime, pumice, sand 
and gravel (industrial, 1983), stone (dimen- 
sion, 1982-83), and values indicated by sym- 
bol Wo louu uw sau ev uA XX 134,517 XX 32,922 XX 45,031 
Total ul. ꝛ A uto E XX 107, 840 XX 110,940 XX 120, 402 
PENNSYLVANIA — 
Cement | m 
Masonry ....- thousand short tons_ _ 256 $14,048 262 $17,095 298 $20,849 
Portland ~- ------------- do- 4,800 212,945 5,154 218,539 5,135 281,590 
Clayst ncc nani c nu do- 931 5,616 916 4,311 968 4,050 
Gem stones NA 5 NA 5 NA 5 
Line thousand short tons. . 1,297 10,902 1,507 81,682 1,620 90,182 
Pegt. ——.. n2 88 do... 21 669 22 623 24 693 
Sand and gravel 
Construction do- 13,081 55,527 111, 800 52, 000 14,472 64,285 
„ RICE IR DOOR do... 969 13,589 W W W W 
Crusbe dd). do 50,40 200,900 51,523 226,948 56,200 228,000 
Dimensioõo-rnnn _ do— r €42 r 25, 033 53 5,799 244 €6,001 
Zinc (recoverable content of ores, etc.) | 
metric tons. _ 24,162 21,001 16,792 15,322 ae Ja 
Combined value of clays (kaolin), mica 
(scrap), boi W (1982), and values indicated 
by symbol W `---------------—- XX 1,094 XX 12,812 XX 12,701 
„ eb XX (601, 329 XX 635,141 XX 708, 356 
| RHODE ISLAND | | 
Sand and gravel: 
Construction thousand short tons 1,146 $3,671 $1,000 *$2,400 1,483 $5,282 
Industria“!lll -- do... — 5 52 e P W 
Stone (crushed) ~ _— -~ - ------- do- 180 21, 100 971 5,507 11.000 *5,800 
Combined value of other nonmetals and val- 
ue indicated by symbol W. . XX . "2 XX 23 XX 486 
j| TM XX 14,848 XX 7,930 XX 11,568 
SOUTH CAROLINA 
Cement, portland thousand short tons 1,624 $66,385 W W 2,819 $103,891 
"E RET Ee oO SES PT do- 1,535 28,166 1,813 $34,830 1,834 86,809 
Gem stones NA 10 NA 10 NA 10 
Manganiferous ore thousand short tons 15 W 22 W 20 
( ³˙¹ gmx... A tad do— 5 W W W 5 W 
Sand and gravel 
ion do... 4,121 13,170 5 15,000 5,845 17,097 
— PFC 20 ,902 842 13,169 2 14,889 
ne: 
Cruse -. do... 14, 000 €53,000 15,786 61,054 17, 900 €72,500 
Dimension do- r e17 r €1,164 17 1.165 eig €1,092 
Combined value of cement (masonry), clays 
(fuller’s earth), mica (scrap), vermiculite, 
and values indicated by symbol WW XX 22,181 XX 105,366 XX 29,562 
Total une ee XX T194,978 XX 230,594 XX 215,850 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


1982 1983 1984 
Mineral Value l Value ; Value 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 
SOUTH DAKOTA 
Cement: JE 
Masonry ....- thousand short tons. 4 $383 4 $359 5 . $283 
Portland ~- ------------- do... 520 27,978 603 37,435 619 30,778 
GVV MC NN 128 346 123 353 119 343 
Feldspat short tons W W 7,109 107 7,219 124 
Gem stones NA TO NA 70 NA 70 
Gold (recoverable content of ores, etc.) 
troy ounces... 185,088 69,558 309, 784 131,348 310, 527 111.994 
Sand and gravel (construction) 
thousand short tons. . 3,816 8.604 e5, 100 €11,500 5,186 12,168 
Silver (recoverable content of ores, etc.) 
thousand troy ounces. — 26 209 62 713 50 407 
tone: 
Crushed_ — — — — . thousand short tons €2,600 7,400 3,906 12,982 eg, 800 €12,800 
Dimensio-tnn do- r egg r €14,805 142 115,794 260 18,642 
Combined value of beryllium, clays (ben- | 
tonite), + gypsum. lime, mica crap) and 
value indicated by symbol VW XX 4,855 XX 11,432 XX 5,803 
Total A o cce Its iuc XX 1134, 208 XX 1222, 093 XX 193,407 
TENNESSEE 
Cement, portland thousand short tons_ — 163 $36,689 W W W W 
e DER do 766 20, 107 1,066 $26,516 1,261 $30,207 
Gem stones NA 5 NA 5 NA 5 
Phosphate rock thousand metric tons 897 11,596 1,193 729,073 1,368 33,275 
Sand and gravel: | 
Construction thousand short tons. . 5,051 15,917 €6,100 €18,700 6,304 19,830 
: , do— -- 4 i 483 ; 650 ,908 
tone: 
Cruse do— - W W 30,578 F111,573 26, 200 138,000 
Dimensioů/n do- r eg r €1,238 7 1,161 e7 *1,097 
Zinc (recoverable content of ores, etc.) 
metric tons.. 121,306 102,882 109,958 100,336 116, 526 124,854 
Combined value of barite, cement (masonry), 
copper, lead (1984), lime, p ites, silver, and | 
values indicated by symbol W |... XX 185,453 XX 114,493 XX 124,150 
ji 0l ——— —— XX 7918,713 XX 1407, 312 XX 478,321 
TEXAS 
Cement 
nrr/ꝛ thousand short tons_ — 236 $16,440 276 $19,704 291 $24, 
Portland .— — noue oc 9,732 545,679 9,760 534,298 10,428 557,421 
o Sot Ses do- 4,193 26,497 8,955 22,515 3,594 23,051 
Gem rone n NERONE rU NA 200 NA 225 NA 175 
Gyp sum thousand short tons 1.954 16,681 2,049 16,357 2,166 19,431 
elium in (Grade-A)- - million cubic feet 458 15,572 524 18,340 W W 
Line thousand short tons 1.125 62,211 1,067 ,193 1,157 61,214 
Sal. ce dace ue eee do. ..- 7,421 82,805 8,028 65,670 8,184 69,672 
Sand and gravel 
Construction do— —— 45,527 154,515 58, 500 208, 000 62,389 199,461 
5 Industria! do— 2,201 85,974 1,788 29,631 2,028 à 
tone: 
Crushed_ CCC do- 68, 000 e205, 000 76, 328 F239,187 289,200 €300,000 
Dimension ~- - ------------ do- r 41 r , 702 11.071 47 *11,236 
Sulfur dci thousand metric tons 2,360 W 2,468 W 2,994 W 
Talc and yrophyllite thousand short tons 205 3,024 260 3,933 283 5,703 
Combined value of asphalt (native, 1984), 
fluorspar, helium (crude), iron ore, magne- 
.sium chloride, magnesium compounds, mi- 
ca (scrap, 1984), sodium sulfate, and values 
indicated by symbol VVL. XX 374,912 XX 1279, 291 XX 414.352 
f! Mn XX 1. 547,278 XX 1,508,481 XX 1.715, 407 


See footnotes at end of table. 
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1982 1984 
Mineral ; Value Value , Value 
Quantity thousands) Quantity (thousands) Quantity (thousands) 
UTAH 
Beryllium concentrate short tons W W W W 6,030 
Clays?*-.. thousand short tons 183 $994 227 $1,569 315 2.223 
Copper (recoverable content of ores, etc.) 
metric tons 189,090 T303,483 169,751 286,403 W W 
Gem stones NA NA NA 80 
Gold (recoverable content of ores, etc.) 
troy ounces... 174,940 65,762 238, 459 101,107 W W 
Gypsum_ Wb t t thousand short tons 231 2,363 305 2,136 277 2,671 
Line zaen ec ee i es do- 286 15,121 315 16,771 297 16,471 
J!;§%[d9 8 do... 1,227 23,210 936 ,184 1,246 28,651 
Sand and gravel: 
Construction n ------ do- 7,579 14,920 *9,800 *19,800 15,217 84,507 
Industrial .. ----------- do... W 24 W 1 W 
Silver (recoverable content of ores, etc.) 
8 thousand troy ounces. . 4,342 34,522 4,567 52,242 W W 
tone: 
Sd. thousand short tons 2,500 eg, 800 4,407 14,636 *5,200 *16,400 
Dimension _____________~— do... TW W W m 8 
Combined value of asphalt (native), cement, 
clays (fuller's earth), iron ore (usable,1982- 
83), lead (1982 and 1984), magnesium com- 
pounds, molybdenum, perlite (1983), phos- 
phate rock, potassium salts, sodium sulfate, 
vanadium, zinc (1984), and values indicated 
by symbol W _________________- XX 1145, 837 XX 138,051 XX 423,153 
Tala ed i i ee XX 1616,092 XX 656,579 XX 524,162 
VERMONT 
Sand and gravel (construction) 
PN thousand short tons 3,218 $6,854 *3,000 *$6,200 8,802 $8,071 
e: 
Crushed do— *1,200 *5,300 1,839 5,579 "b uc 
Dimensio-tFn 4 do— r 6109 r *18,358 116 19,995 116 *20,462 
Combined value of talc and other nonmetals_ XX ; XX 10,355 XX 9,565 
!!!!! h XX T39,062 XX 42,129 XX 45,098 
VIRGINIA 
F thousand short tons. . 422 $2,237 784 $5,467 712 $6,004 
Gem stones NA 20 NA 20 NA 20 
Iron oxide pigments ~- ------ short tons_ 1,269 372 W W W 
6 thousand short tons. - 641 29,118 551 24,631 562 24,199 
er and gravel (construction) do- 6,978 28,522 7,200 *30,800 8,860 37,359 
tone: 
FFC do— *35,200 €142,300 37,959 T159,558 47, 200 196,000 
Dimensio-n do- e4 Fe) 151 93 T2 238 22 eg, 052 
Combined value of spite, cemen vel Aire 
kyanite, sand and gravel (ind 
(soapstone), vermiculite, and values indi- 
cated by symbol K XX 59,484 XX 66,629 XX 74,855 
Total. un meus XX T268,204 XX 289,844 XX 841,589 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


1982 1983 1984 


Mineral ; Value : Value : Value 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 
WASHINGTON 
Cement, portland . thousand short tons - 1,154 $75,988 W W W W 
CIBy8 unc 8 do... 251 1,829 2282 2$1,715 292 $1,646 
Gem stones NA 200. NA 200 NA 200 
Sand and gravel: 
Construction thousand short tons 15,190 40,295 15, 800 50, 300 23,369 .61,070 
8 Industrial ______________ do- 242 2,809 337 4,581 356 5,201 
tone: 
Crushed. . - ------------- do~... e8 600 eg 800 10,451 29,607 210, 400 €31,700 
Dimension do- r e(3) r 20 1 37 PES m 
l. „3 do—- 8 20 W W W W 
Combined value of barite, clays (fire clay, 
1983), cement (masonry), diatomite, gold, 
gypsum, lead (1982), lime, olivine, peat, | | 
silver, and values indicated by symbol W XX 24,166 XX 101,025 XX 102,807 
c EE XX "169,21 XX 187,465 XX 202,624 
WEST VIRGINIA 
Clay thousand short tons. . 2210 28583 2249 28532 381 $3,410 
Sall. c v d do- 942 W 1,026 W 1,004 W 
Sand and gravel (construction) _ _ do 751 3,392 700 €3,400 976 3,198 
Stone (crushed) ))) do... *5,900 22, 700 9,439 37,962 eg, 100 *37,300 
Combined value of cement, clays (fire clay, 
1982-83), lime, sand and gravel (industrial), 
and values indicated by symbol WW XX 48,945 XX 62,079 XX 68,279 
Total. is ee ee es XX 15,620 XX 103,973 XX 112,187 
WISCONSIN 
Iron ore (usable). _ — — thousand long tons, 
gross weight. 263 W — Lis a . — 
Line thousand short tons 312 $17,685 319 $17,624 373 $19,892 
l- aia ee MR do... 9 W 9 W 9 W 
Sand and gravel: 
Construction do— 14,515 29,218 214, 200 28, 800 17,785 38,245 
Industrial do— 788 9,662 621 7,208 1,060 11,821 
ne: 
Crushed. - - ------------- do... €11,400 €36,100 14,252 39,896 €15,800 *45,000 
Dimension do— T eig r e, 815 24 2,884 924 92,863 
Combined value of abrasive stone, cement, l 
and values indicated by symbol WW XX 16,400 XX 4,779 XX 11.527 
rr A Ri La TEL XX 7111,880 XX 101,191 XX 129,348 
WYOMING 
Clays 22252255 thousand short tons 2,561 $13,696 2,140 $49,059 2,991 $67,290 
Gem stones NA 250 NA 250 NA 225 
Gyps um thousand short tons 283 2,805 382 2,963 376 2,618 
Sand and gravel (construction) do- 3,382 10,279 e2 400 8.000 4,586 13,372 
Stone (crused)) ) do— e2 300 7,300 2,019 7,769 *1,900 27,600 
Combined value of beryllium concentrate | 
(1982-83), cement (portland), iron ore (1982- 
83), lime, and sodium carbonate XX 573,865 XX 561,860 XX 458,187 
Totalc- o0 ecu a XX 668,195 XX 629,901 XX 549,292 


N "Revised. NA Not available. W Withheld to avoid disclosing company proprietary data. XX Not 
applicable. 

Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 

2Excludes certain clays; value included in “Combined value” figure. 

Less than 1/2 unit. 

*Partial total, excludes the values of magnesium compounds, which must be concealed to avoid disclosing company 
proprietary data. 

*Excludes bentonite and fire clay. 

$Excludes salt in brines; value included in Combined value" figure. 
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Table 6.—Mineral production! in the islands administered by the United States 
(Thousand short tons and thousand dollars) 


. 1982 1983 1984 

e — —— ————.——. eee ee TTD, Amd —— ee 
n Quantity Value Quantity Value Quantity Value 
American Samoa: Stone NA NA NA NA NA NA 
Guam: Stone „ NA NA 329 2,192 345 2, 280 
Virgin Islands: Stone NA NA 237 2,305 249 2, 397 


© Estimated. NA Not available. | 
I Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 


Table 7.—Mineral production! in the Commonwealth of Puerto Rico 
(Thousand short tons and thousand dollars) 


1982 1983 1984 


Mineral JJV ͥ V8 
Quantity Value Quantity Value Quantity Value 

Cement (portland) „ 986 81,822 931 82,509 997  . 87,568 

cayi PAER EL I EREE x 162 298 125 251 128 266 

J E LEM E AE 37 1,906 35 3,885 35 4,531 

Sand and gravel -_—-—-------------—-- NA NA NA NA 43 W 
ne: 

Crushed 4 v eus NA NA 5,536 26,611 5, 813 27567 5 

Dimension reg r €130 W W *35 455 

%%/%;ͤ;—] XX 184,156 XX 113,256 XX 120,495 


*Estimated. TRevised. NA Not available. |W Withheld to avoid disclosing company proprietary data; not 
included i in Total. XX Not applicable. 


1Production as measured by mine shipments, sales, or marketable production (including consumption by producers) 
Total does not include value of items not available. 


Table 8.—U.S. exports of principal minerals and products, excluding mineral fuels 


1983 1984 
Mineral ! Value Value 
| Quantity (thousands) Quantity; (thousands) 
METALS 
Aluminum: 
Ingots, slabs, crude ________________ metric tons 360,704 $534,048 259,598 $396,798 
lr) a ee ye a do... 231,821 249,156 258,404 219,086 
Plates, sheets, bars, etee cc cc22- do— 162,294 388,679 198,399 496,841 
Castings and forgings 2 s do— 9,518 55,346 11,590 69,845 
Aluminum sulfate _______________--._.-do___~- 14,094 1,593 2,789 1,185 
Other aluminum compounds „ do_ 49,706 36,447 37,616 31.700 
Antimony, metals and alloys, crude |... short tons. 304 1.039 511 915 
Bauxite including bauxite concentrate | 
thousand metric tons 74 10,561 82 12,735 
Beryllium o e ß eee ees pounds_ _ 37,477 2,698 39,315 2,562 
Bismuth, 1 metals and alloys |... „ do — 306, 128 703 311.511 1.091 
ium metal ĩ§ĩ?5ß³ ⁵ð2uj ⁰⁰ A eealud er i metric tons 170 351 106 208 
Chromium: 
Ore and concentrate: 
Exporte thousand short tons. _ 11 1,874 55 2,957 
Reexports_____________.____---_-- m. Pu 5 1,350 4 
Ferrochromium -~ - -------------—-----—- o c 4 j 15 10,542 
Cobalt (content?! 35 thousand pounds 1757 5,715 670 7, 661 
et | | 
concentrate, composition metal, unrefined (copper 
content) 220 ccn Que eme RS metric tons_ 57,126 67,759 74,528 91,558 
d ar a nnn ENON Ln ea eee do... 47,986 66,929 80,810 96,266 
Refined copper and semimanufactures do- 157,664 532,595 135,885 851,999 
Other copper manufacturees s do- 111,281 730,893 13,817 30,438 
Ferroalloys not elsewhere listed: 
Ferrophosphorus -~-~ ---------------- short tons 26,933 8,716 39,603 5,279 
a aR A E he a ee do— 5, 775 7,965 27,485 16,158 
Ore and base bullion ____._________-~_ troy ounces_ _ 1,257,800 501,016 1,498,617 528,284 
Bullion, refined |... 2-2. -- do 1,881,233 825,418 3,482,473 1,284,718 
Iron ore- -------------------— thousand long tons . 3,781 182,744 4,993 239,257 


See footnotes at end of table. 
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Table 8.—U.S. exports of principal minerals and products, excluding mineral fuels 


ntinued 
1983 1984 
Mineral Value we Value 
Quantity (thousands) Quantity (thousands) 
METALS —Continued 
Iron and steel: 
Pig iron- =- uoo ꝛ%ð m k usui o short tons 6,364 $528 56,674 $5,685 
Iron and steel products (major): 
Steel mill produetisss do— 1,198,623 1,054,794 977,284 904,011 
Other steel products do- 246,642 553,894 261,246 513,942 
Iron and steel scrap: Ferrous scrap including rerolling 
materials, ships, boats, other vessels for scrapping 
tees thousand short tons 1,152 650,540 9,840 938,402 
ad: 
Ore and concentrate metric tons 20,119 7,502 11,858 4,760 
Pigs, bars, anodes, sheets, et do- 20,449 19,090 7,445 15,214 
Scrap jj ⁵ↄ y ea eve ar ei do- 50,918 13,139 45,097 11,575 
Magnesium, metal and alloys, scrap, semimanufactured 
forms,nec ~~ ~~ ee short tons 46,690 124,714 48,337 136,661 
Manganese: | 
Ore and concentrate _—_——--------------——- do____ 19,314 1,972 237,606 15,643 
Ferromanganese _________-..__~ ~~~ -- do— 8,433 5,765 6,764 397 
Silicomanganese |... „4 do 6,426 1,746 5,338 2,291 
Metal ——— nuoto LE uu due do- 6,391 8,531 4,082 5,915 
. 
and concentrate (molybdenum content) | 
thousand pounds. . 41,068 185,122 63,366 242,770 
Metal and alloys, crude and crab do— 577 ; 306 1 
N s c em ume iuum irc do- 610 7,085 474 5,954 
Semi manufactured forms, n. ec do— 216 4, 589 257 368 
J ⁵ĩðâAVb ³ AA ĩͤ ĩ Fd e do- 396 2,131 461 8,212 
Ferromolybdenum -------------------—-- do... 171 650 567 
s Compound JkI!̃ Pf do... 8,597 22,158 26,602 56,453 
icke 
Alloys and scrap including unwrought metal, ingots, bars, 
sheets, anodes, ete short tons 38,344 154,536 44,590 199,108 
Catalysts JJ EM MEC 86 do-. 3,165 13,940 2,118 15,156 
WIS cL cc A LE 8 do... 1,089 8,831 1,119 11,166 
Semifabricated Forme. nepos e deu t E do- 1,865 14,420 2,218 19,991 
Platinum-group me 
and scra sz troy ounces. . 782,967 193,463 565,543 128,349 
Palladium, rhodium, iridium, osmiridium, e 
osmium (metal and alloys including scrap) ~- __— do- 261,188 45,199 375,802 14,748 
Platinum (metal and alloy do- 184,599 10,652 F 16,749 
h metals: Ferrocerium and alloys ~~ short tons_ — 73 393 309 
oe Se Ra en V kilograms.. _ 93,369 771 122,929 1,587 
111COn: 
Ferrosilicoh gs cL DEI short tons 11,338 10,712 29,364 21,185 
Silicon carbide, crude and in grains (including reexports) 
do... . 5,590 7,164 6,023 8,613 
Silver: 
Ore, concentrate, waste, sweepings thousand troy ounces_ _ 18,294 208,066 14,108 119,965 
Bullion, refined. o ei e do... 18,658 169,383 10,840 ,939 
Tantalum: 
Ore, metal, other form thousand pounds. _ 332 113,994 508 24,608 
sore J ⁵ð ERU Re To RM do... 123 14,397 151 17,026 
Ingots, pigs, bars, ett metric tons 1,340 17,305 1,429 14,409 
Tinplate and terneplate . „ do— -- 171.121 83,827 154,679 93,033 
Titanium: 
Ore and concentrate _________________ short tons 4,391 1,006 8,651 1,936 
Unwrought and scrap metal do... 5,676 9,173 4,484 9,359 
Intermediate mill shapes and mill products, n.e.c_ do- 2,154 52,197 2,849 61,502 
Pigments and oxides ___._-_______________ _ do... 93,521 92, 132 108,247 102,828 
Tungsten (tungsten content): 
and concentrate thousand pounds 2 11 284 1.240 
Carbide powWdeerrrr!nr!nr‚.rnrd do- 729 9,277 987 12,415 
r oo edet do— 785 7,692 2,249 17,8329 
lum: 
Ore and concentrate (vanadium content) _ _ _ _ _ _ __ do. ... 117 273 24 109 
Pentoxide, et do... 5,291 7,871 7,423 14,514 
2 Ferrovanadium . kk do... ; 6,144 938 5,205 
nc: 
Slabs, pigs, or blocks ~ ——------------- metric tons 421 801 160 975 
Sheets, p tes, strips, other forms, n.ee.c e do. ... 957 2,142 975 2,421 
Waste, cals dust (zinc content do... 130,169 118,389 42,079 23,871 
Semifabricated forms, neee do 1,708 3,257 1,428 2,349 
Ore and concentrate ____________________ do. ... 60,168 22. ,868 30,579 13,353 


See foot notes at end of table. 
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Table 8.—U.S. exports of principal minerals and products, excluding mineral fuels 
— Continued 
1983 1984 
Mineral . Value , Value 
Quantity (thousands) Quantity (thousands) 
METALS —Continued 
Zirconium: 
Ore and concentrate short tons 13,222 $3,316 9,528 $2,647 
MB 2 zl a M es Au iL e uh do... . 698 ; 422 1,263 
Metals, alloys, other form do... 747 39,514 42,523 
NONMETALS 
Abrasives (includes reexports): 
Industrial diamond, natural or synthetic: 
Powder or duet thousand carats 42,312 82,499 41,992 714,331 
))))!kküö;övV’ĩ 8 3,185 34,065 3,301 30,441 
Diamond grinding wheels... do____ 467 4,910 536 5,141 
Other natural and artificial metallic abrasives and products _ NA T 188,627 NA 199,719 
Asbestos: 
Exports 
Unmanufactured _______________ metric tons _ 54,236 19,398 39,779 18,221 
Fh. eet Ce a NA ; NA 162,690 
Reexports: 
pania 2 RN metric tons 398 285 140 125 
ü ð ⁵ u ⁵ĩðò AE eT NA 998 NA 657 
saben N Coral bariumsulfate... short tons 22,816 3,514 1,449 574 
ron 
Boric acid. - - sa ep -=== do- 38,498 20, 688 44, 728 24,402 
Sodium borates, refined do____ 224,672 51,000 500,537 ,000 
5 compounds thousand pounds 61,300 21, 600 53,200 16,200 
cium: 
Other calcium compounds including precipitated calcium 
carbonate ____________ Le short tons ,000 13,700 81,000 17,000 
enges 8 „ 40, 597 9,550 34,062 „568 
Dicalcium phosphate do- 48, 000 32, 600 40, 000 83,000 
5 Hydraulic and clinker. ... — do. ___ 118 393 17, 360 80, 007 13,496 
Cla 
Kaolin or china clay __________ thousand short tons 1,338 157,882 1,418 170,137 
Benton ite do— 554 2,580 563 45,375 
öÄi ⁰m mr ⁊ . 8 o... 592 53,115 718 221 
Brier! exeun: do... 146 31,569 127 29,461 
Feldspar, leucite, nepheline syenite _________ _ short tons 9,360 856 10,080 920 
ee, ß Be ee Occo 9,236 962 12,266 1,292 
Gem stones (including reexports) 
Diamond _____~__~___~___~_______ thousand carats- 2,489 622,411 2,218 574,119 
Pearl. nu no he hg cn ye th NA 4,9 NA 8,265 
P hata uti Mii M Sy cater NA 104,020 NA 98,150 
Graphite, naturaal!l Lc c2 short tons 9,435 3,4 7,096 2,807 
um: 
Crude, crushed or calcined _____— thousand short tons 117 18,621 131 12,711 
Manufactured, wallboard and plaster articles NA 18,467 NA 17,141 
ii; 0 eee million cubic feet 368 19,626 392 21,461 
|i PME" short tons 28,154 4,815 24,714 6,805 
Lithium compounds: 
Lithium carbonat“ thousand pounds 17,779 23,953 18,069 487 
Lithium hydrox idee do... 5,119 10,159 8,198 14,108 
Other lithium compound do- 4,218 8,183 5,430 9,765 
esium compounds: 
ie reme dead- burns short tons. _ 10,855 1,955 17,215 3,641 
NS Magnesite, crude, caustic-calcined, lump or ground. do- 16,621 8,426 32,053 14,026 
ca: 
Waste, scrap, A 7 thousand pounds. .. 20,416 2,651 15,306 2,038 
Block, film, s MOON aaa ae fee A eh es do. ... 70 109 348 549 
Manuf: cured, 1 5 or stamped, built up -— - --—-— - us eee NA 4,001 NA 4,519 
Mineral-earth pigments, iron oxide, Gatara and synthetic 
short tons 12,661 20,692 82,428 31,832 
Nitrogen compounds (major thousand short tons 7,484 1,050,061 10,439 685,430 
5 ze pees thousand metric tons. . t19. 010 7827,45 11,528 824,784 
dig onc fertilizers: 

Phosphoric acid ---—---—--------------—-—- do— 1.219 322,146 1,721 396,568 
Superphosphates FFF do— "69,804 166,177 2,841 1,629 
Diammonium phosphates _________________ do... 4,198 129,233 6,346 1,200,579 
Elemental phosphorus _______________ metric tons_ 21,752 84,116 14,852 22,375 

baring and compounds: Zinc oxide (metal content) do- 330 492 288 627 
Potassium chloride do- 385,980 30,700 621,820 57,200 
Potassium sulfaꝛtee Scc coL do— 86,320 16,390 67, 18,940 
Cultured «cc ee thousand pounds 80 3,258 277 11.021 
%%% ͥ ̃³˖”.w. ⅛ðͤ ku km y S a do- 28 156 42 234 


See footnotes at end of table. 
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Table 8.—U.S. exports of principal minerals and products, excluding mineral fuels 


— Continued 
1983 1984 
Mineral ; Value : Value 
Quantity (thousands) @U@ntity (thousands) 
NONMETALS —Continued 
Salt: 
Crude and refined_ - - --------- thousand short tons 517 $12,368 820 $15,299 
Shipments to noncontiguous territories do... 30 4,101 19 2,301 
Sand and gravel: 
Construction: 
Sándc ness ꝛ do- 934 4, 620 1,210 . 8,094 
Gravel. lose A uuu LEE do... 369 1 810 635 2,231 
Industrial sand .. „ do... 1,047 26 057 1.193 27,656 
Sodium compounds: 
Sodium sulf ate do 91 11,380 76 9,587 
. carbonate_ — - — - -~ —- - -------------- do...- 1,636 154,584 1,648. 160,774 
ne 
El. ats Sa aa aces Set ree Be eas do_ _ __ 2,418 23,021 2,378 28,970 
Din eee e emie ei lenne qe eo ee tad NA 21,185 NA 26,318 
Sulfur, crudde _ thousand metric tons. — 992 109,298 1,834 156,067 
Talc, crude andground. - --------- thousand short tons 218 12,916 256 16,162 


r o AAA XX "12,235,430 XX 18,992,604 


"Revised. NA Not available. XX Not applicable. 
Silicon carbide (crude and refined) has been deducted and is shown separately elsewhere in this table. 
3 Before 1982, lithium carbonate exports were included with “Other lithium compounds.” 


Table 9.—U.S. imports for consumption of principal minerals and products, excluding 


mineral fuels 
1983 1984 
Mineral nn eee ee 
Quantity (thousands) Quantity (thousands) 
METALS 
Aluminum 
Sea este naar le ee ee metric tons. . 142,691 $1,021,273 881,956 $1,292,124 
9õĩͥĩÄ7?'u. hb— . 88 do- 88, 472 87,468 187,675 145,748 
Plates, sheets, bars, etee do. ... 260,012 537,319 451,562 1,027,631 
Aluminum oxide (alumina) 
thousand metric tons 4,030 811,021 4,466 976,364 
Antimony: 
Ore and concentrate (antimony content) | 
short tons 2,770 2,335 4,299 6,798 
ey including needle or liquated |... do— 47 58 72 157 
ù ˙ ²˙ü ͥͥ ͥ0ͥ¹Ü˙Üi¹w- do- 1.282 1,987 3,898 8,037 
20Xide. cnet do- 10,604 13,318 17,884 26,348 
nic: 
White (AssOs content „ do____ 10,186 8,406 18,985 9,454 
( 0A orco 243 1,401 304 2,127 
Bauxite, crude 5 thousand metric tons 7,601 NA 9,428 N 
ium op oce n ee C short tons 2,194 2,155 1,992 1,177 
Bismuth, metals and alloys (gross weight) _ — — pounds. = 1,971,956 3,121 1,948,394 §,892 
ium metal ________________ metric tons 2,196 3,842 1,889 5,133 
Calcium metall pounds 332,834 866 248,973 670 
Cesium compounds and chloride do- 19,227 617 53,652 1,552 
Chromium: 
Ore and concentrate (CraOs content) 
thousand short tons 86 10,390 184 15,477 
Ferrochromium (gross weight). - do... 280 109,012 426 183,451 
Ferrochromium-silicon ~- . —---—--------—- do... 1 670 8 „736 
e en a ce See ee On c 3 13,687 5 24,073 
Cobalt: 
Metal ________________ thousand pounds... 15,853 110,076 23,316 202,954 
Oxide (gross weight )) do... 403 1,813 106 5,285 
Salts and compounds (gross weight do. ... 1,671 2,244 2,284 5,371 
Columbium ore do- 1,482 3,316 3,265 6,030 
rea (co Min pne content): 
concentrate metric tons 90,597 81,695 11,056 9,863 
—€——————Ó 8 Oc s 73,286 74,318 2,094 2,586 
med n 8 do- 46,371 66, 027 38,949 
5 in ingots, Gt. 8 do— 459,568 700, 564 444,699 620,614 
——— —— P——M—Ó do. r23. 086 132,183 23,005 28,925 
Ferroalloys not elsewhere listed, including spiegeleisen 
short tons... 8,098 15,801 5,321 21,804 
Gallium. DENEN ES ne Oe kilograms_ — 7,294 3,195 9,669 4,050 
Germanium do. ..- 20,916 10,527 116, 719 7,539 


See footnotes at end of table. 
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Table 9.—U.S. imports for consumption of principal minerals and products, excluding 
mineral fuels —Continued 


1983 1984 
Mineral 
Quantity (thousands) Quantity (thousands 
METALS —Continued 
Gold: 
Ore and base bullion _________~_- troy ounces. _ F993 768 $401,548 1,837,052 $653,307 
Bullion, refined _________________~- do____ 3,559,188 1,575,570 6,031,550 2,293,606 
Háfnium- ²ð⁵ A short tons (1) 50 1 115 
Indium thousand troy ounces. . 1,073 2,195 1,022 4,577 
Iron orte thousand long tons 13,246 445,731 17,187 529,065 
Iron and steel: i 
PIgAFO ume teen short tons 242,114 31,917 102,355 83,985 
Iron and steel products (major): 
Steel mill products... _ do... 17,034,388 6,333,636 26,169,313 10,201,206 
Other produets ss do— 804, 095 795,481 1.145, 868 1,155,254 
ioe including tinplate ___ thousand short tons 641 48,219 572 46,946 
Ore, flue dust, matte (lead content) metric tons 19,753 5,712 29,888 11,923 
Base bullion (lead content! vv do... 53 23 43 51 
Pigs and bars (lead content do- 134,357 64,225 161,489 86,189 
Reclaimed scrap, etc. (lead content do. 4,212 1,340 : ! 
Sheets, pipes, shot _________________ do— 496 1,632 1,667 4,044 
esium: 
etal and scrap .. hh short tons 3,969 7,174 5,296 12,260 
Alloys (magnesium content) - -—- ------ -- do____ 2,143 6,151 3,596 10,791 
Sheets, tubing, ribbons, wire, other forms (magnesium 
content) —— ³ AAA 8 do_ __ _ 238 2,939 489 2,620 
ganese: 
Ore (35% or more contained manganese) . do- 368,297 19,867 338,094 16,024 
Ferromanganees ___________~_ do____ 341,608 93,083 409,310 117,678 
Ferrosilicon-manganese (manganese content) do— 91,992 40,117 91,339 44,146 
Metal lllud 8 do... 5,950 5,323 13,314 12,978 
Mercury: 
Compounds unds _ 135,758 717 89,519 465 
Metal 16-pound f flasks. * 12,786 3,813 25,321 7,274 
Molybdenum: 
and concentrate (molybdenum content) 
thousand pounds. _ 1,673 3,528 28 183 
5 810 and scrap (gross weight? do— _— NA 2,141 NA 2,565 
Unwrought 5 content) ____do___~_ 97 1,398 142 2,170 
Wrought (gross weight) |... „ do... 94 2,331 132 3,023 
Ferromolybdenum (gross weight do- 1.157 3,189 2, 086 4,438 
Material in chief value molybdenum (molybdenum 
alter. oe a E do_ _ __ 3,445 12,985 5,266 19,441 
T 5 (gross weight) ____________ do- 5,791 9,425 3,437 6,251 
icke 
Pigs, ingots, shot, cathodes short tons 90,839 418,943 103,017 461,371 
Plates, bars, et do... _ 4,105 84,553 8,650 58,120 
Slurry 2323222 MENOR MES o- 62,454 83,613 82,509 116,956 
SCHHD o e ee a S 8 6,071 17,691 6,199 20,542 
Powder and flakes.. —_—-—-----------—- o- 12,725 65,747 15,829 78,736 
Ferronickel1lllllllllltt11lil „ do— 45,134 65,264 43,048 68,429 
ÜXId6 o cma ulace USE Le 8 209 19,083 5,526 22,413 
Platinum-group metals: 
Unwrought: 
Grains and nuggets (platinum) _ _ _ -troy ounces. — 8,513 2,145 19,786 5,647 
Sponge (platinum —— do... 1,005,208 7435,330 1,527,841 617,888 
Sweepings, waste, scrap -~ ----------- do... 417,431 44,308 526,738 61,920 
„ eg ee do... 23,266 17,151 18,225 7,472 
Palladium 02 —— 1,223,951 151,149 1,795,939 219,222 
Rhodium auem cree eru E 8 119,958 48,171 155,671 83,979 
Ruthenium ~ - -----------------—- do— 163,623 5,379 198,257 16,652 
Other platinum- group metals do- 22, 875 7,248 10,602 3,196 
Semimanufact : 
Patin 8 do... 109,376 36,663 60,140 22,682 
Palladium n do_ ___ 108,247 12,643 158,012 24,192 
Rhodium -----------------—-—- do- 11.245 1.539 2, 389 516 
Other platinum- group metalss do. ... T4,329 11,030 506 122 
Rare - earth metals: 
Ferrocerium and other cerium alloys — kilograms__ 104,696 1,185 138,128 1,651 
Monazite __________________ metric tons 4,028 1,517 5,661 2,202 
Metals including scandium and yttrium.. kilograms_ _ 801 182 4,316 619 
Rhenium: 
Metal including scrap- _____________ pounds 623 180 1,962 450 
Ammonium perrhenate |... do- 5,947 1.131 6,790 1,052 
Selenium and selenium compounds (selenium content) 
kilograms_ _ 297,029 5,922 376,946 8,054 
Silicon: 
Metal (over 96% silicon content) |... short tons 28,173 52,026 25,221 55,381 
Ferrosilicon. -—- ---------------——- do... 159,443 61,445 143,651 12,814 


See footnotes at end of table. 
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Table 9.—U.S. imports for consumption of principal minerals and products, excluding 


mineral fuels —Continued 
1983 | 1984 
Mineral e oas Valde 


METALS —Continued 
Silver: 
Ore and base bullion —-— thousand troy ounces. . 13,911 $145,419 13,018 $105,587 
Bullion, refined 222 -- do- 161,199 1,926,102 93,546 784,838 
Sweepings, waste, dore do— 4,781 52,048 8,402 12,112 
Tantalum ore thousand pounds. — 536 4,017 2,199 19,054 
Tellurium (tellurium content -~ - kilograms_ — 11,829 622 35,382 125 
oe JV%ͤͤͤ ;: 88 pounds 3.110 448 2,964 96 
Concentrate (tin content metric tons. . 969 9,549 3,212 20,862 
Dross, skimmings, scrap, residue, tin alloys, n.s.p.f. 
do.--- 1,198 1,219 1,211 1,818 
Tinfoil, powder, flitters, ettllee NA 10,728 NA 3.292 
Tin scrap and other tin-bearing material excluding 
tinplate scraeͤ sss «„ NA NA NA NA 
Tin compounds metric tons 642 4,120 838 5.301 
Titanium: 
Ilmen ite! short tons 398,036 29,423 619,444 43,846 
WRC sone nsi EN E do- 111,578 23,532 180,508 44,910 
Metal o niu bene neus e eres" esee 3,787 27,899 5,533 85,469 
Ferrotitanium and ferrosilicon titanium do 893 1,288 579 861 
Pigmenss 22 LLL l2- do— 174, 857 165,495 193,501 186,952 
Tungsten ore and concentrate (tungsten content) 
thousand pounds 6,307 25,717 12, 802 51,715 
Vanadium (vanadium content): 
Ferrovanadiuͥůuun-n „ do- 71,361 16,254 2,941 11,839 
Pentox idee do- 754 2, 363 297 1.269 
2 Vanadium- bearing materials do- 115 86 1.266 552 
inc: 
Ore (zinc content᷑t?h metric tons. — 63,156 16,548 86,172 29,186 
Blocks, pigs, slabs |... c do-— . 617,679 503,888 639,228 635,940 
Sheets, etc- - - -—---------------——-— do... 319 426 850 1,308 
Fume (zinc content) ________-------- do— 631 420 814 171 
Waste and scrap ___________------- do... 3,900 1,676 6,259 3,940 
Dross and skimmingnsgsss T2 do... 6,508 3,314 5,027 3,161 
Dust, powder, flakes_ - - - - - -- ------—— do— £ 7,126 7,572 9,505 
Manufactured _—------------------—-—- "ae NA 543 NA 927 
Zirconium: 
Ore including zirconium sand short tons 44,487 4,420 66,436 7,548 
Metal, scrap, compounds do— 1,687 15,901 1,844 20,330 
NONMETALS 
Abrasives 
Diamond (industrial) thousand carats- 24,877 88,617 43,110 113,632 
Other los hn Seta P ai NA 201,248 NA 268,062 
5 JJ 8 metric tons . 196,387 51,956 209,963 64,749 
rite: 
Crude and ground |... __ __ thousand short tons 1,397 67,404 1,716 74,945 
Witheriltte short tons 50 16 226 153 
ss Chemicalñlsss do- 27,832 16,093 35,208 20,524 
ron: 
Briese. REDEEM do- 7,881 3,456 7,748 3,449 
Calcium borate, crude ______________ do____ 40,000 8,309 51,334 12,128 
Calcium chloride ~~~ -__-____ do- 13,784 71,317 22,078 1,817 
Cement: Hydraulic and clinker _ thousand short tons 4,268 161,439 8,846 249,207 
Clay6 MESE short tons 20,864 9,488 ! 
P 5 5 5 ee AC ia 3 7,199 4,184 22,122 18,124 
Feldspar 
Fc Rm do- 18 6 2 1 
Groundandcrushed. |... - ---------—- do: 46 25 23 14 
Fluorppaaaa!!!!:!k!:!!! do ... 453,314 41,032 708,711 65,241 
Gem stones 
Diamond _________~____~_ thousand carats_ _ 6,265 2, 1d 5,313 8,227 2,905,317 
Emerálds..—— Sas pg aa do— 2,117 34,130 4,410 154,644 
/%)))öÄ;Ü ono Ru Le ae NA 448 951 NA 591,555 
Graphite, natural -< annn short tons. . 43,586 11 921 58,246 14,579 
ypsum: 
Crude, ground, calcined____ thousand short tons 8,085 757,265 8,915 14,957 
Manufactured uu NA 30,614 NA 95,810 
Iodine, erudl-e thousand pounds. _ 6,218 34,039 5,067 24,812 
ime: 
Hydrated -_—--------------—- short tons. _ 58,811 8,431 59,906 3,669 
;Wöĩ;. ß BEST D 223,752 11,345 187,579 9,722 
Lithium 
JGG; ² A A ee Ree do... 8 4 60 24 
Compounds do- 189 1.978 462 2,313 


See footnotes at end of table. 
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Table 9.—U.S. imports for consumption of principal minerals and products, excluding 
mineral fuels —Continued 


1983 1984 
Mineral : Value : Value 
Quantity (thousands) @uantity (thousands) 
NONMETALS —Continued 
5 compounds 
de magnes ite short tons - 166 $25 745 $232 
Lump or ground caustic-calcined magnesia .. do- 791,429 5,476 54,026 - 9,594 
Refractory magnesia, dead-burned, fused magnesite, 
dead-burned dolomitee do... 80,429 14,840 155,162 26,187 
ane Miu acs Ne 8 do— 50,029 9,780 46,153 10,036 
Waste, scrap, ground . ----- thousand pounds_ _ 14,091 2,189 23,198 8,251 
Block, film, splittings ______________- do. ... 1,899 986 1,480 644 
Manuf actured, cut or stamped, built-up do... 735 2,583 856 2,836 
Mineral-earth pigments, iron oxide: 
Ocher, crude and refined |... short tons (1) 3 7 31 
Siennas, crude and refined. do- 141 56 160 72 
Umber, crude and refinddddad _ do... 185 996 6,401 1.012 
Vandyke broõwᷣ n do... 769 809 659 244 
Other natural and refined do- 841 342 996 444 
Synthetic ______..___________-__ do— 22, 356 14,978 80,015 19,720 
Nepheline syenite: 
Crude ss ee mm heme do- 212 13 410 17 
Ground, crushed, eti ee do— 407, 139 13,984 377,535 14,201 
Nitrogen compounds (major) including urea 
a thousand short tons. . 6,281 798,574 8,476 984,524 
eat: 
Fertilizer- grade short tons 371,486 46,001 453, 387 53,491 
Poultry- and stable- grade do— 41,220 6,066 81,685 4,318 
Phosphates, crude adobe apatite thousand metric tons_ _ 9 1305 9 274 
Phosphatic fertilizers: 
Fertilizer and fertilizer materials do... 36 3,622 119 7,536 
Elemental phosphorus ___.-._-_----- do— 12,122 13,362 4.222 6,482 
e om uen lr do... 111 71,618 11 1,550 
Pigments and salts: 
Lead pigments and compounds metric tons_ 15,667 11,444 19,081 15,022 
Zinc pigments and compounds do_ __— 40,876 34,709 52,432 48,178 
11.0] MC do... T, 322. 100 600,600 7,947, 700 658, 100 
Pumice: 
Crude or unmanufactured |... _ short tons 2,699 118 16,703 402 
Wholly or partly manufactured do... 181,606 1,166 216,023 1,933 
Manufactured, n.s.p.f - - -—---------------—— NA 106 NA 148 
Quartz crystal (Brazilian lascas) __ thousand pounds... 153 121 569 373 
Sall. 5. S ue a thousand short tons_ _ 5,997 60,194 7,545 74,100 
Sand and gravel: 
Industrial sand... do- 58 1.619 26 926 
Other sand and grav en do... 123 1,047 151 1,603 
Sodium compounds: 
Sodium carbonaatee cs do...- 20 2,104 17 2,901 
Sodium sulfat! do... 343 21,921 265 21,198 
Stone: 

Bd at ee c HL EES EE do ... 12, 279 10,709 2,923 15,071 
Dimensitoo nnn NA 195,378 NA 231,678 
Calcium carbonate fines thousand short tons 1384 71,901 292 2471 

Strontium: 
Miner, —— — short tons. . 49,196 13,707 48,852 4,293 
Compounds „ „1ůĩ—: do— 11, 137 71,099 4,155 3,386 
Sulfur and compounds, sulfur ore and other forms, 
PCB. . eee thousand metric tons 1,695 129,110 2,551 200,189 
Talc, unmanufactured .. .... thousand short tons 44 7,691 45 9,156 
% /˖ôö; , sete cs XX 123,891,382 XX 381,440, 487 


"Revised. NA Not available. XX Not applicable. 

Less than 1/2 unit. 

Includes titanium slag averaging about 70% TiOs. For details, see Titanium“ chapter. 

Owing to a change of reporting, 1982 calcium borate, crude, imports are not comparable with those of previous years. 
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Table 10.—Comparison of world and U.S. production of selected nonfuel mineral 
commodities 


(Thousand short tons unless otherwise specified) 


1983 1984P 
US. US. 
Mineral World US. prt World U.S. scs 
produc- produc- f produc- produc- 
tion! tion duc tion! tion 1 
tion tion 
METALS, MINE BASIS 
Antimony (content of ore and concentrate) 
short tons - 55,526 838 2 58,857 551 1 
Arsenic trioxide? |... metric tons 26,210 W NA 32,674 W NA 
Bauxite* ____ thousand metric tons 78,861 679 1 84,664 856 1 
Beryl- » RG—AkSB— short tons 10,335 6,665 64 9,670 6,030 62 
Bismut thousand pounds. . 8,481 W NA 8,675 W NA 
Chrom ite 9,387 s e" 10, 468 m— PES 
Cobalt (content of ore and concentrate) 
short tons 26,445 ike m 34,245 EET "ct 
Columbium-tantalum concentrate (gross 
weight) _______ thousand pounds 46,908 YN "T 67,236 "M Ee 
Copper (content of ore and concentrate) 
thousand metric tons_ _ 7,690 1,038 13 7,909 1,091 14 
Gold (content of ore and concentrate) 
thousand troy ounces. . 44,882 1,956 4 46,035 2,059 4 
Iron ore (gross weight) 
thousand long tons... 123,893 37,562 5 789,440 51,269 6 
Lead (content of ore and concentrate) 
thousand metric tons 3,366 466 14 3,190 333 10 
Manganese ore (35% or more Mn, gross 
weight) e ocu ee Screed 24,093 "-— ze" 25,341 a t ues 
Mercury. thousand 76-pound flasks _ 181 25 14 174 19 11 
Molybdenum (content of ore and concen- 
trate) ________ thousand pounds. . 140,295 33,593 24 208,665 103,664 50 
Nickel (content of ore and concentrate) 123 PNE TEN 820 15 2 
Platinum-group metals? 
thousand troy ounces. . 6,524 6 (*) 7,053 15 (4) 
Silver (content of ore and concentrate) 
do____ 392,268 43,415 11 398,554 44,440 11 
Tin (content of ore and concentrate) 
metric tons 210,653 W NA 207,842 W NA 
Titanium concentrates (gross weight): 
IImen itte 2, 967 W NA 3, 183 W NA 
Hutile -ose mee ae Reefer AIO ao 351 W NA 391 W NA 
Tungsten ore and concentrate (contained 
tungste ))) metric tons 39,430 980 2 44,939 1,203 3 
Vanadium (content of ore and concentrate) 
short tons 30,924 2,171 7 34,292 1,617 5 
Zinc (content of ore and concentrate) 
thousand metric tons 6,160 291 5 6,419 218 4 
METALS, SMELTER BASIS 
Aluminum (primary only) — — — do_ _ __ 13,945 3,353 24 15,521 4,099 26 
Cadmium metric tons... 16,725 1,052 6 17,687 1,686 10 
/ A e short tons 19,425 103 1 24,227 us zd 
Copper smelter (primary and secondary)® 
thousand metric tons 8,092 987 12 8,258 1,060 13 
Iron; Dg BRL 510,506 48,110 10 539,216 51,961 10 
Lead, smelter (primary and secondary)? 
thousand metric tons 5,26 1,018 19 5,319 979 18 
Magnesium (primary 286 115 40 358 159 44 
Nelli 88 104 33 5 756 45 6 
Selenium? ___________ kilograms - 1,407,311 353,860 25 1,180,729 W NA 
Steel, ra“ 730,291 984.615 12 778,928 992,528 12 
Tellurium’ _____§______ kilograms. . 93,616 W NA 92,175 W NA 
jv; MEME metric tons 211,756 102,500 1 209,049 104,000 2 
Zinc (primary and secondary) 
thousand metric tons 6,201 305 5 6,448 331 5 
NONMETALS 
Asbestos________________ do... 4,276 70 2 4,338 57 1 
(( ]³Ü¹“łwiA ²˙Üſda 88 5,986 11754 13 6,313 11775 12 
Boron minerals _______________ _ 2,446 1,303 53 2,541 1,367 54 
Bromine thousand pounds 788, 863 11370, 000 47 855, 730 11385, 000 45 
pias hydraulic — 1,008,418 1271 347 7 1,058,721 1278 699 T 
ays: 
Bentonite _________________ 5,708 112 887 51 5,988 113,154 53 
Fuller's earthsh“LhLc7Vh = = 2,488 111,912 77 2, 526 111,899 75 
Kaolin? ·˙·iuUiA.. ad 21, 656 117 203 33 24,298 117 953 33 


See footnotes at end of table. 
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Table 10.—Comparison of world and U.S. production of selected nonfuel mineral 
commodities —Continued 


(Thousand short tons unless otherwise specified) 


1983 1984P 
| US. US. 
Mineral World US. Por World us. p 
produc- uc- produc- uc- 
tion! á tion world tion? j tion world 
produc- uc- 
tion tion 
NONMETALS —Continued 
Corundum ___________ Short tons... 20,096 de E 19,627 EM UR 
Diamond thousand carats_ _ 55,819 e m 63,830 n E 
Diatomite____________________ 1,668 619 37 1, 627 38 
Feldspartt. 4,082 710 17 4,011 710 18 
Fluorspar -sincerc Bee cee ee 4,738 61 1 5,070 72 1 
Graphite short tons. _ 636,995 W NA 631,842 W NA 
ülb---- 5 NEE E E A 86,374 12,884 15 90,302 14,319 16 
Iodine, crudde thousand pounds. _ 27,649 W NA 27,255 W NA 
Lime. c oe ⅛—m-: ĩ⅛ĩ?i eie 121,947 111214.902 12 124,796  111215,956 13 
Magnesite.___________________ 12,320 W NA 11,953 W NA 
Mica (including scrap and ground) 
thousand pounds 528,934 280,000 53 575,375 822,000 56 
Nitrogen, N content of ammonia . - — - - — 85,414 11,297 13 90,176 13,309 15 
„ DM a eee a MORIETUR ND ON 411,868 104 ($) 413,069 800 ($) 
Perlite- -o ie cunei eee 1,441 11474 33 1,449 11498 84 
Phosphate rock (gross weight) 
thousand metric tons 139,265 42,513 31 150,571 49,197 83 
Potash (K: O equivalent! do- 27,426 1,429 5 28,638 1 , 5 
Pumice®_____________________ 12,404 11449 4 13,365 11502 4 
JP... We 175,563 11 1234 605 20 185,132 11 1239, 255 21 
Sodium compounds, natural and manu- | 
factured: 
Sodium carbonate ---- 31,291 8,467 27 31,499 8,511 27 
Sodium sulfate... 4,410 855 19 4,364 872 20 
Strontium short tons 150,942 A en 148,730 M UT 
Sulfur, all forms 
thousand metric tons 50,315 9,290 18 51,884 10,652 21 
Talc and pyrophyllite. . ---------—- 7,800 1,066 14 7,967 1,170 15 
Vermiculite? ' 493 282 51 550 315 51 


PPreliminary. NA Not available. W Withheld to avoid disclosing company proprietary data. 

For those commodities for which U.S. data are withheld to avoid disclosing company proprietary data, the world total 
excludes U. S. output and the U.S. percent of world production cannot be reported. 

*World total does not include an estimate for output in China. 

3U.S. figures represent dried bauxite equivalent of crude ore; to the extent ible, individual country figures that are 
included in the world total are also on the dried bauxite equivalent basis, but for some countries, available data are 
insufficient to permit this adjustment. 

“Less than 0.5%. 

Primary and secondary blister and anode copper, including electrowon refined copper that is not included as blister or 
anode. 

*Includes bullion. 

"Refined nickel plus nickel content of ferronickel, and nickel oxide. 


* World total does not include estimates for output in the U.S.S.R. or China. 
i Pata from American Iron and Steel Institute. Excludes production of castings by companies that do not report steel 


"Includes tin content of alloys made directly from ore. 
11Quantity sold or used by producers. 
I3 Includes Puerto Rico. 
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The value of abrasive materials consumed 
in the United States increased 37% in value 
over that of 1983 to $439 million; of which, 
58% was manufactured abrasives, 36% was 
industrial diamond (natural and synthetic), 
and 6% was natural abrasives. 

Production value of natural abrasives, 
which consist of crude tripoli, special silica 
stone, garnet, and emery, increased 4%. 
Production of crude tripoli, a finely disinte- 


grated chert, increased 12% in quantity and 
8% in value. Shipments of processed tripoli 
increased only 3% in quantity but increased 
16% in value, with large increases occur- 
ring in both major end-use categories. Pro- 
duction of garnet, an abundant iron-alumi- 
num silicate, decreased slightly in quantity 
and value after posting continued increases 
in quantity and value since 1980. There was 
a significant decrease in the quantity and 


Table 1.—Salient U.S. abrasives statistics 


1980 1981 1982 1983 1984 
Natural abrasives production by producers: 
Tripoli (crude) _____________~- short tons 121,233 107,330 112,928 111,020 124,482 
Value um scuro thousands _ $676 $617 $653 $649 $699 
Special silica stone?__________ short tons. . 631 22,501 21.285 21.101 21.290 
FCC thousands. _ $1,933 281,096 28553 28482 28602 
Garnet®__________________ short tons. _ 26,909 25,451 27,303 29,767 29,647 
r AA thousands . $1,908 $2,059 $2,321 $2,533 $2,487 
Emery... ..-.----------- short tons. _ W W W W 
r usos thousands W W W W W 
Manufactured abrasives? .. short tons. _ 614,963 8586,915 418,224 5418,153 $531,264 
Value 5 thousands. . $216,946 5$225,503 $167,471 5$167,430 5$203,231 
Foreign trade (natural and artificial abrasives): 
Exports (value ' do... $193,679 $189,719 $174,126 $192,794 $191,003 
Reexports (value h do- $47,521 ; i $24,111 $27,248 
Imports for consumption (value ~~ — — do- $268,842 $301,695 $245,048 $289,865 $381,694 


W Withheld to avoid disclosing company proprietary data. 

! Includes grindstones, oilstones, and whetstones. Excludes grinding pebbles and tube-mill liners. 

The large increase in quantity and decrease in value was caused by changes in reporting procedures. In 1980, quantity 
and value were for finished products; 1981-84 data were for crude mined quantity and first marketable value. Finished 
product data are shown in table 6. 

primary garnet; denotes first marketable product. 


*Includes Canadian production of crude silicon carbide and fused aluminum oxide and shipments of metallic abrasives 
by producers. 


5 Excludes U.S. and Canadian production and value of aluminum-zirconium oxide. 
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value of refined garnet shipped compared 
with that of 1983, a record-high year; how- 
ever, the overall trend continued to be 
upward. Production of crude special silica 
stone increased 17% in quantity and 25% in 
value, and shipments of finished special 
silica stone products increased 13% in quan- 
tity but only 4% in value. The dispropor- 
tionate increase between shipment quantity 
and value was attributed to the lack of 
increase in shipments of finished oilstones 
and whetstones, which only accounted for 
51% of the total quantity shipped but repre- 
sented 94% of the total value. Several of the 
small oilstone-whetstone cutting operations 
went out of business or were inactive during 
the year. Production of emery, an impure 
aluminum oxide, reversed its downward 
trend with a reported 48% increase in 
quantity and a 53% increase in value of 
product mined and shipped. 

The nonmetallic manufactured abrasives 
industry, which consisted of crude silicon 
carbide and fused aluminum oxide, experi- 
enced a 27% increase in shipments but 
reported only an 18% increase in value. The 
unit values of these shipments, except for 
high-purity fused aluminum oxide, dropped 
from those of 1983 because of strong price 
competition. 

The metallic abrasives industry, which 
consisted of primary producers of steel shot 
and grit, chilled and annealed iron shot and 
grit, and cut wire shot manufacturers, re- 
ported an impressive 27% increase in both 
quantity and value shipped over that of 
1983. This industry has been experiencing a 
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continued recovery; however, the shipped 
unit values were reported at the same levels 
as those of 1983. 

U.S. production of synthetic diamond grit 
and powder increased 10% in quantity to 76 
million carats, establishing a new record 
high. Exports of grit and powder reached a 
new record high at 47 million carats, a 1596 
increase over that of 1983. 

Total imports for consumption of abrasive 
materials increased 32% in value. Imports 
of industrial diamond increased 28% in 
value and 76% in quantity. The smaller 
increase in value and huge increase in 
quantity was attributed to a 9296 increase 
in imports of synthetic grit, powder, and 
dust with a unit value decrease of 7% to 
$1.36 per carat and a 34% increase in im- 
ported stone with a corresponding value 
decrease of 20% to $8.03 per carat. Imports 
of synthetic grit, powder, and dust from 
Ireland increased 113% in quantity and 
accounted for the bulk of the increase in 
imports in this category. The average value 
of the synthetic grit, powder, and dust 
imported from Ireland decreased from $1.62 
per carat in 1983 to $1.44 per carat. Total 
exports plus reexports of abrasive materials 
increased slightly in value. 

Domestic Data Coverage.—Domestic pro- 
duction data for abrasive materials are 
developed by the Bureau of Mines from six 
separate, voluntary surveys. Of the 53 oper- 
ations canvassed, all responded, represent- 
ing 100% of the total production shown in 
tables 1, 5, 6, 8, 15, 16, and 17. 


FOREIGN TRADE 


Exports plus reexports of industrial dia- 
monds, loose, increased 13% in volume to 
51.3 million carats but decreased 10% in 
value to $104.8 million. This was a record- 
high quantity. The increase in quantity was 
attributed to the record-high level exports 
of domestically produced synthetic diamond 
powder and dust. The diamond content in 
diamond wheels, exported and reexported, 
was 536,000 carats, a 15% increase; the 
declared value was $5.1 million, an increase 
of 4%. The value of imported diamond 
wheels increased 52% to $8.2 million. 

Imports of abrasive materials increased 
32% in value, and exports plus reexports 
increased slightly in value. Net imports 
were valued at $163.4 million. 

Industrial diamond imports totaled 43.7 
million carats of loose material valued at 


$113.6 million, an increase of 76% in quan- 
tity and 28% in value. The smaller increase 
in value with the corresponding large in- 
crease in quantity was attributed to two 
occurrences: 

1. A huge increase in imports to 28.4 
million carats of synthetic powder dust at 
only $1.36 per carat compared with 14.8 
million carats at $1.47 per carat in 1983. 
Imports from Ireland increased 113% in 
this category and accounted for the bulk of 
the increase. 

2. An increase in imports of stones of 2.2 
million carats while the value decreased 
$1.95 per carat to $8.03. 

Ireland, the largest U.S. source of indus- 
trial diamonds in terms of quantity, shipped 
to the United States a total of 25.6 million 
carats, mostly synthetic, valued at $40.0 
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million. Although the quantity increased 
120%, the value only increased 91%, pri- 
marily because of an 11% decline in the 
unit price of synthetic powder and dust. Of 
the 25.6 million carats from Ireland, 21.8 
million carats was synthetic powder and 
dust with an average value of $1.44 per 
carat. The share of imports of industrial 
diamond from Ireland was 59% of the total 
quantity and 35% of the total value. 

The Republic of South Africa, the largest 


U.S. source of imported industrial diamonds 
in terms of value, shipped to the United 
States a total of 7.9 million carats valued at 
$49.8 million, an increase of 48% in quanti- 
ty and 17% in value. The share of imports 
from the Republic of South Africa was 18% 
of the total quantity and 44% of the total 
value. Of the 7.9 million carats, 5.8 million 
carats was industrial stones with an aver- 
age value of $7.84 per carat, 25% less than 
that of 1983. 


Table 2.—U.S. exports of abrasive materials, by kind 


(Thousands) 
1983 1984 
Kind - : 
pers Value tity Value 
NATURAL ABRASIVES 
Industrial diamond, natural or synthetic, powder or dust carats_ _ 41,071 879,419 41,213 — $72,484 
Industrial diamond, natural or synthetic, other do. .- 1,252 ; 859 6,626 
Sae natural corundum, pumice in blocks pounds. 9,389 8,183 947 
MANUFACTURED ABRASIVES 
Artificial corundum (fused aluminum oxide) |... _ ~ — — - do- 23, 486 14,393 24,588 15,329 
Silicon carbide, crude or in grains |... do... 10,611 6,768 11,965. 8,086 
Carbide abrasives, n.e.C - ------------------—-—- do____ 675 1,022 911 250 
Other refined abrasi ves do- _ __ 30,333 13, 125 29,939 17,078 
ad and polishing wheels and stones: 
E e a a E carats_ _ 459 4,793 532 5,085 
Polishing stones, whetstones, oilstones, hones, similar 
P T8 number 917 2,642 821 2,960 
Wheels and stones, n.e.c „ unds. _ 3,514 19,459 3,465 20,171 
gini: paper and cloth, coated with natural or artificial abrasive 
7 y vn er do- 10,990 31,513 11,915 36,045 
Grit: and shot including wire pellets 8 14.217 4,511 18,313 5,542 
%·öĩ oto EE . XX 192,794 XX 191,003 
XX Not applicable. 
Table 3.—U.S. reexports of abrasive materials, by kind 
(Thousands) 
1983 1984 
Kind 
pod Value bir Value 
NATURAL ABRASIVES 
Industrial diamond, natural or synthetic, powder or dust carats _ 1,241 $3,080 779 $1,853 
Industrial diamond, natural or synthetic, other do— 1.933 19,842 2,442 23,815 
Emery, natural corundum, pumice in blocks pounds 420 276 227 230 
MANUFACTURED ABRASIVES 
Artificial corundum (fused aluminum oxide) do. ___ TS ie 282 126 
Silicon carbide, crude or in grains ~- --—------------ do—- 568 396 680 527 
Carbide abrasives, n. e. do— los Ls 10 71 
Grinding and polishing wheels and stones: 
Diamond. — a ee ahs a te carats_ _ 8 117 4 56 
Polishing stones, whetstones, oilstones, hones, 
similar stonlnnnku᷑ku „ number 1 10 EN — 
Wheels and stones, n. ee unds. . 28 219 32 200 
n and cloth, coated with natural or artificial abrasive 
J ARR NR do- 68 171 XX 370 
%% Sunan iau Hae 8 XX 24,111 XX 27,248 


XX Not applicable. 
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Table 4.—U.S. imports for consumption of abrasive materials 


(natural and artificial), by kind 


(Thousands) 
1983 1984 
Kind an- uan- 
pum Value pe Value 
Emery, flint, rottenstone, tripoli, crude or crushed .. -short tons 4 $367 20 $421 
Silicon carbide, CFüde oo he ee „ 19 39,573 64 29,992 
Aluminum oxide, Grude se oe k do. ... . 131 53,610 175 15,155 
Other crude artificial abrasives. ____ ___.____--~--~- do— (1) 136 8 3,513 
Abrasives, ground, grains, pulverized or refined: 
Rottenstone and tripoli. „ do- UT "- Ee aes 
Silicon carbide |. — Se es eui do- 5 7, 890 7 9,343 
uminum oxide do— 12 9,848 21 17,140 
Emery, corundum, flint, garnet, other, including artificial 
abrasives . m a m un cese es 3 8,712 3 5,415 
Papers, cloths, other materials wholly or partly coated with Batürul- 
or artificial abrasives____§_§_________._____-__------ (?) 52,248 3) 71,525 
Hones, whetstones, oilstones, polishing stones number 1.045 1,009 2.191 1,154 
Abrasive wheels and millstones: 
Burrstones manufactured or bound up into millstones 
short tons... (1) 21 (3) 49 
Solid neuro stone wheels number 40 77 291 165 
)))) 8 do- 148 5,416 229 8,201 
Abrasive wheels bonded with resin pounds 5, 654 10,445 9,662 16,469 
"— ———— — ꝗ²ů ¾—¾¼:è————88 (?) 8,635 3) 12,313 
Articles ioe specifically provided for: 
Emery or garnet _ - - - ß ee ei (2) 97 (3) 250 
Natural corundum or artificial abrasive materials |... _— (2) 3,821 (3) 8,886 
Üꝝ]1]ꝗmm. ⁵⅛˙ % ͤ d y 2 2,239 (2) 4,494 
Grit and shot, including wire pellets pounds 8,946 2,149 18,759 2,385 
Diamond, natural and synthetic: 
Diamond dies. number 8 395 12 526 
Crushing bort carats.. _ 46 145 219 291 
Naturali industrial diamond stones do ... 5,308 55,393 1,125 58,838 
Miners’ diamond_________________-------- do— 3761 5,134 31,157 7,690 
Powder and dust, synthetic do... 14,792 21,714 28,381 684 
Powder and dust, natural do- 3, 975 6,231 6, 828 8,129 
Totül stu acce c LH ae LM XX 289,865 XX 381,694 
XX Not applicable. 
1Less than 1/2 unit. 


2Quantity not reported. 


Includes 2,000 caras of synthetic miners' diamond in 1983, and 43,000 carats in 1984. 


TRIPOLI 


Fined-grained, porous silica materials are 
grouped together under the category tripo- 
li" because they have similar properties and 
end uses. Production of crude tripoli (table 
1) increased in quantity and value as pro- 
ducers increased mine output to rebuild 
crude inventories. Processed tripoli, sold or 
used, increased 3% in quantity and 16% in 
value; most of this increase in quantity was 
for abrasive material; however, the value 
increases occurred in both abrasive and 
filler end uses. 

Because tripoli grains lack distinct edges 
and corners, they were used as mild abra- 
gives in toothpaste and industrial soaps and 
as buffing and polishing compounds in lac- 
quer finishing in the automobile industry. 
The mineral was also used as a filler and 
extender in paint, plastic, rubber, and 
enamels. Advantages of its use in paint 
include its chemical inertness, for corrosion- 
resistant coatings; a low surface moisture, 


which allows it to be mixed into ambient- 
moisture-cured systems without predrying; 
good wettability and dispersion properties 
in a solvent base; a General Electric Co. 
brightness of 85% to 90% and low oil ab- 
sorption, allowing high pigment loading 
without appreciable increases in viscosity; 
and a relatively high Mohs-scale hardness 
of 6.5 to 7, which provides resistance to 
abrasion.? 

The five tripoli producers were Malvern 
Minerals Co., Garland County, AR, which 
produced crude and finished material; 
American Tripoli Co., which produced crude 
material in Ottawa County, OK, and fin- 
ished material in Newton County, MO; 
Illinois Minerals Co. and Tammsco Inc., 
both in Alexander County, IL, and both of 
which produced crude and finished amor- 
phous (microcrystalline) silica; and Key- 
stone Filler and Manufacturing Co., in 
Northumberland County, PA, which proc- 
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essed rottenstone, a decomposed fine- Journal, December 1984, for tripoli and 
grained siliceous limestone or shale. amorphous silica were as follows: 
Prices quoted in Engineering and Mining 


Tripoli, paper bags, Faa lots, f.o.b., 


in cents per pound: 

White, Elco, IL: Air floated through 

200 mess 3.55 
Rose and cream, Seneca, MO, and 
ers, AR: 
ce ground _—---------- TEN 2.90 
Double groungdgdagd 2.90 - 
Air ls oe eee ee 3.15 
Amorphous silica, 50-pound, paper bags, 
f.o.b. Elco, IL, in dollars per ton: 

Through 200 mesh, 90% to 95% $71.00 
Through 200 mesh, 96% to 99%%/% 72.00 
Through 325 mesh, 90% to 95%/ĩ — 73.00 
Through 325 mesh, 96% to 98% __ _ _ - 69.50 
Through 325 mesh, 98% to 99.4% 78.00 
Through 325 mesh, 99.5% _________ 95.00 
Through 400 mesh, 99.9% ________- 128.00 
Below 15 micrometers, 99% 137.00 
Below 10 micrometers, 99% . 164.00 
Below 8 micrometers, 99% |... 196.00 


Table 5.—Processed tripoli' sold or used by producers 
in the United States, by use? 


Use 1980 1981 1982 1983 1984 
I) ³·¹em es ccm short tons. . 39,352 34,494 35,798 38,07 3 40,812 
AlUg. o hs ee es ete thousands_ _ $2,253 $2,206 $2,477 $3,203 $3,738 
Killer. ee x ¼Ä ci n UL short tons 59,909 56,932 55,814 65,138 65,941 
Value- 4o Sto eL thousands. _ $4,025 $4,393 $4,557 $6,077 $6,989 
Total Le es ee short tons 99,261 91,426 91,111 103,211 106,753 
Total values. thousands $6,277 $6,600 $7,034 $9,280 310,727 


1Includes amorphous silica and Pennsylvania rottenstone. 
2Partly estimated. 
Data may not add to totals shown because of independent rounding. 


SPECIAL SILICA STONE PRODUCTS 


Production of special silica stone products 
included oilstones and whetstones from 
Arkansas and Indiana, grindstones from 
Ohio, and deburring media from Ohio and 
Wisconsin. 

Four main grades of whetstone were pro- 
duced, ranging from the high-quality Ar- 
kansas Stone, with porosity of 0.0795 and 
characterized by a waxy luster, down to the 
Washita Stone, with a porosity of 16% and 
resembling unglazed porcelain. The four 
main types were as follows: 


Trade name Use 
Washita Stone Rapid sharpening. 
Soft Arkansas Stone General purpose. 
Hard Arkansas Stone Polishing blades to a 
very fine edge. 
Black Hard Arkansas Stone Polishing the most per- 
fect edge possible. 


The much-coveted Black Hard Arkansas 
Stone was relatively expensive at more 


than $30 for an 8- by 2- by 1-inch stone. Only 
about 5% of the blocks quarried was recov- 
ered as finished whetstone, and the produc- 
ers continued to seek uses for the rejected 
material. Some was used in the production 
of silica-brick refractories, grinding media, 
lightweight aggregates, a wet abrasive 
blasting medium, and as a filler-extender.* 
Arkansas finished stone production 
accounted for 60% of the total value and 
40% of the total quantity of special silica 
stone products sold or used by U.S. produc- 
ers. | , 
Frontier Whetstone Cutting Co. Hot 
Springs, AR, and Natural Hones Inc., Mal- 
vern, AR, reported no production and have 
permanently ceased operations. American 
Trails Whetstone Co., Glenwood, AR, and 
Poor Boy Whetstones, Hot Springs, AR, 
were idle during the year. The previous 
management of Natural Hones started a 
new company, Arkansas Oilstone Co., Hot 
Springs, AR, and reported production. 
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Table 6.—Special silica stone finished : 
products sold or used in the United States! 
Quantity Value 
Year (short (thou- 
tons) sands) 
. 631 51.933 
F!!! Sete Se 523 23,928 
1939. uL D 713 5,360 
I9NI. n ue 8 602 3,814 
1984 TEENS 683 9,915 
Includes grindstones, oilstones, and whetstones. Ex- 
cludes grinding pebbles and tube-mill liners. 
Large increase in value because inclusion of nonquarry- 
ing finished stone producers was initiated and continued. 
Table 7.—Producers of special silica stone products in 1984 
Company and location Type of operation Product 
Arkansas Oilstone Co.: 
Hot Springs, AR ~- - -----------------—- Stone cutting and finishing Whetstones and oilstones. 
Arkansas Whetstone Co. Inc.: 
Hot Springs, AR _____________ ~~ ~-__ uio liio s. om cort Do. 
Jö E EE E ea A E toes dE IW hono Crude novaculite. 
Baraboo Seat Co. Inc.: 
Baas AAA ĩ eee Crushing and sizing ~ — _ ~ — Deburring media. 
öͤÜÜͥ2.ù ͤ d  "'INIEIV. unies ee Crude silica stone. 
Buffalo Stone Corp.: 
Hot Springs, AR ~- -- -----------------—— Tumbling and sizing Metal finishing media and 
novaculite. deburring media. 
Cleveland ve Co.: 
Amherst, kh Stone cutting and finishing Grindstones. 
J ⁵ PE 88 Quarrjꝛjꝛꝛ Crude silica stone. 
Dans W Cutting Co. Inc.: 
BLAR ae tee uua iet e E Stone cutting and finishing Whetstones and oilstones. 
De ) ML M 8 Quarry ------------ Crude novaculite. 
Halls Arkansas Oilstones Inc.: | 
VAN OR c AL E LE Stone cutting and finishing Whetstones and oilstones. 
Hindostan Whetstone Co.: 
OD IN ZA uo , e c i E 00 ˙ A Cuticle stones. 
„ TE „ Crude silica stone. 
Hiram A. Smith Whetstone Co. Inc.: 
Hot Springs, AR ~- -------------------—- Stone cutting and finishing Whetstones and oilstones. 
J riu tea E E PY ano ose Crude novaculite. 
Norton Co. Oilstones, Norton Pike Div.: 
Hot Springs, AR ß , MSS Do. 
Littleton, NH- - - -- - ------------------ Stone eating and finishing Whetstones and oilstones. 
Pioneer Whetstone Co.: 
Hot Springs, a sss Loc 46. ͥͥ et Do. 
Poor Boy Whetstones: 
Hot Springs, AR (inactive nin Lec cuerno e Do. 
Wallis Whetstone Inc.: 
e —— € 3 See ae ee Do. 
Wallis Whetstone Inc.: 
Malvern, AR (inactivedꝛʒ Quarry ------------ Crude novaculite. 
Washita Mountain Whetstone Co.: 
Lake Hamilton, cg Stone cutting and finishing Whetstones and oilstones. 
. GARNET 


The United States continued to account 
for an estimated 70% of the world’s garnet 
production; the remainder was produced 
primarily, in order of size, by India, Austra- 
lia, China, and the U.S.S.R. Four domes- 
tic producers continued to be active, two 
in New York and one each in Idaho and 
Maine. Barton Mines Corp., Warren Coun- 
ty, NY, sold garnet for use in coated abra- 
sives, glass grinding and polishing, and 
metal lapping. The NYCO Div. of Processed 
Minerals Inc., Essex County, NY, reported 
that its garnet was used mostly in sand- 


blasting and in bonded abrasives. Emerald 
Creek Garnet Milling Co. operated two 
mines in Benewah County, ID, and reported 
that its garnet was used chiefly in sand- 
blasting and water filtration. Industrial 
Garnet Extractives Inc., near Rangeley in 
Oxford County, ME, produced almandine 
garnet and a garnet-containing utility grit, 
which was used largely in sandblasting and 
water filtration. 

Production of garnet decreased slightly in 
quantity and value after posting continued 
increases every year since 1980. There was a 
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significant decrease in the quantity and Table 8.—Garnet sold or used by 
value of refined garnet shipped compared producers in the United States 
with that of 1983, a record-high year; how- 
ever, the overall trend continued to be m M. RM 
upward. tons) sands) 

Construction of a new garnet processing 1880 26 84.934 
plant has been completed in Geraldton, 198111454 25,519 5,204 
Western Australia. The plant will produce a 1982, ---------------- - S 5555 
range of grits for coated abrasives and 19844 27,672 5,677 
powders for a wide variety of polishing 
applications in addition to the normal range "Revised. 
of garnet for impact finishing and liquid 
filtration.* 

CORUNDUM AND EMERY 


Corundum.—There were no imports of 
abrasive-grade corundum during 1980-84. 
Demand was met by withdrawal from 
Stocks. In recent years, the domestic supply 
has consisted almost entirely of material 
imported from Zimbabwe through the Re- 


public of South Africa by one firm in Massa- 
chusetts. Another Massachusetts firm ac- 
counted for one-half of the total domestic 
consumption. Corundum was used in grind- 
ing and polishing optical components. 


Table 9.—Natural corundum: World production, by country: 


(Short tons) 
Country 1980 1981 1982 1983P 1984* 
LPE LANE EE EMP SNL 8 1,603 1,424 1,494 781 550 
South Africa, Republic of- ------- ---- 155 100 68 54 22 
SR cee KU he ED . ODE 9,500 9,500 9,500 9,600 9,600 
US DOMINO S a SM 206 240 750 755 55 
Zimbabwe ____.______-------------- 20,592 13,450 9,606 r *9,600 9,400 
Totali. a Se ĩð 82,056 24,714 20,718 20,096 19,627 
*Estimated. PPreliminary. FRevised. 
Table includes data available through June 4, 1985. 
Emery.—Two companies, De Luca Emery deburring media: 


Mine Inc. and John Leardi Emery Mine, 
continued to operate emery mines, both 
near Peekskil in Westchester County, 
NY. The ore containing corundum, spinel, 
and magnetite, with some silicate acces- 
sory minerals, was processed by two com- 
panies—Washington Mills Abrasives Co., 
North Grafton, MA, and Emeri-Crete Inc., 
New Castle, NH. Domestic emery was used 
mostly as a nonslip additive for floors, 
pavements, and stair treads. Minor uses 
were as coated abrasives and tumbling or 


World production of emery was principal- 
ly from Greece and Turkey. In 1983, produc- 
tion of emery in Greece was reported to be 
1,124 short tons, and production in Turkey 
was reported to be 25,183 tons. 

Prices quoted for emery by domestic sup- 
pliers in December 1984 ranged from $145 
per ton for the lowest grade nonskid floor- 
ing material to $520 per ton for specialized 
industrial abrasive grade, in truckload 
quantities, f.o.b. plant. 


INDUSTRIAL DIAMOND 


Domestic production of synthetic indus- 
trial diamond was estimated to be at a 


record-high level of 76 million carats, a 10% - 


increase, and the prime contributing factor 
to the record-high level of exports for both 


value and quantity of industrial diamond. 
Secondary production, salvage from used 
diamond tools and from wet and dry dia- 
mond-containing waste, was estimated to 
be 2.2 million carats. The five companies 


78 


producing synthetic diamond in the United 
States were E. I. du Pont de Nemours & Co. 
Inc., Industrial Diamond Div., Gibbstown, 
NJ; General Electric Co., Specialty Materi- 
als Department, Worthington, OH; Mega- 
diamond Industries Inc., Provo, UT; U.S. 
Synthetics Corp., Orem, UT; and Valdia- 
mant International, a division of Valeron 
Corp., Ann Arbor, MI. 

The U.S. Government industrial diamond 
stockpile inventory, as of December 31, was 
at the desired goal of 22.0 million carats of 
crushing bort; however, the 14.0 million 
carats of stone exceeded the goal for stone of 
7.7 million carats. Available for disposal, 
from enabling legislation effective October 
1, 1984, was 6.3 million carats of stone. The 
inventory of small diamond dies was 25,473 
pieces; the goal was 60,000 pieces; however, 
there has been no purchase authorization 
issued. 

The United States remained the largest 
consumer of natural industrial diamond 
stones but was totally dependent on foreign 
sources, importing approximately 8.3 mil- 
lion carats. 

Exports plus reexports of industrial dia- 
mond dust and powder, including synthetic, 
was at a record-high level for quantity of 
48.0 million carats valued at $74.3 million. 
Exports plus reexports of stone totaled 3.3 
million carats valued at $30.4 million. 

The Geological Survey of Wyoming re- 
ported that exploration is continuing in the 
Colorado-Wyoming State Line District and 
the Iron Mountain District of Wyoming. Of 
the more than 100 known kimberlite occur- 
rences, 15 have yielded diamond. The Hap- 
py Jack area between the State Line and 
Iron Mountain Districts also has potential 
as a kimberlite source. 
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Exploration has continued in Upper 
Michigan, but commercial potential re- 
mains unknown. Several companies have 
been involved in exploratory operations and 
have established offices in Crystal Falls, MI. 

De Beers Consolidated Mines Ltd. report- 
ed that the industrial side of its business 


shad another good year in 1984. There was 


improvement in sales of natural grit, but 
sales of drilling stones continued to be 
affected by the depression in minerals ex- 
ploration. Sales of synthetic grit and poly- 
crystalline diamond products, which had. 
passed the $100 million mark in 1983, rose 
by as much as 15%, and there was further 
growth in the profitability of the three 
diamond synthesis factories facilitated by 


new techniques developed at the Diamond 


Research Laboratory. The improvement in 
demand for industrial diamonds was partic- 
ularly encouraging in view of the fact that 
the Argyle Diamond Mines Joint Venture 
(ADMJV) mine in Australia, which will be a 
big producer of industrial-quality diamond, 
was due to come into full production at 
yearend 1985. Plans for marketing its pro- 
duction were being developed, and De Beers 
has intensified research into new uses of 
natural diamond grit.* 


Table 10.—U.S. imports for consumption 
of industrial diamond 
(excluding diamond dies) 


(Thousand carats and thousand dollars) 


Year Quantity Value 
1982 -e al et Gon eb Ende Pe 19,127 85,837 
US cle e ee nas es 24,877 88,617 
J 43, 710 113, 632 
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WORLD REVIEW 


Angola.—Production targets of 1.80 and 
2.0 million carats of diamonds were set for 
1982 and 1983, respectively. Actual produc- 
tion in 1982 only reached 1.2 million carats, 


and it was unlikely that the target was met 


for 1983. Smuggling and illicit mining were 
estimated to be depriving the Government 
of up to 50% of diamond income. There was 
also strong evidence that the insurgent 
force, Unita, was deriving substantial in- 
come from smuggling activities. The fall in 
diamond prices had also hit hard, with 
revenues cut by one-half from more than 
$200 million in 1980 to $105 million in 1982. 
Current investments by the state-controlled 


mining company to boost production includ- 


ed a $7 million cyclone washer to treat 900 
cubic meters per day of the Cuango gravels 
and a new sorting house, including a heavy 
media plant for the Lucapa region.* 

One person has been sentenced to death 
and 122 others received jail terms in Ango- 
la, following a trial involving charges of 
diamond and currency smuggling and espio- 
nage. The case marks an attempt by Ango- 
la's Government to curb diamond smug- 
gling.’ 

Australia.—The Australian public was 
to be offered a 5% stake in the ADMJV 
project by the government of Western Aus- 
tralia. This was to be achieved by the re- 
cently created Western Australian Devel- 
opment Corp. with a $65 million public 
offering. The 5% interest of Northern Min- 
ing Corp. NL had previously been sold to 
the Western Australian government.® 

The ADMJV experienced a decline in the 
overall grade of production from its alluvial 
mining project. This was in line with the 
expected depletion of higher grade alluvial 
materials. At the same time, the 1984 out- 
put of diamonds was greater than antici- 
pated as a result of greater plant capacity, 
improved throughput rates, and ore grades 
being higher than expected.? 

Demonstrated economic reserves for the 
ADMJV diamond mine have been reported 
at 233 million carats of gem and cheap-gem 
diamond and 281 million carats of industri- 
al diamond. 

The ADMJV diamondiferous lamproite 
pipe contains sufficient reserves to support 
a mining operation at 3 million tons per 
year for at least 20 years. The deposit has a 


surface area of 45 hectares. The pipe’s 


southern section has a higher average grade 
(carat per ton) than its northern end. Prov- 
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en ore reserves of 61 million tons at a grade 
of 6.8 carats per ton in the southern section 
will provide for 20 years of operation. The 
pipe will be mined by conventional open pit 
benching techniques, with waste being 
transported to adjacent dumps. 

The topography of the mine area was 
extremely rugged, and initial access, pit 
development, and haulage road layout have 
been complex. About 20 million tons of 
waste was being prestripped during mine 
development. This work was due to be 
completed by the end of the third quarter of 
1985. 

The 15-kilometer access road from Great 
Northern Highway to the project has been 
upgraded. The all-weather jet airport was 
finished in September. ADMJV planned to 
operate the project on a commute system, 
using Perth, 3,000 kilometers away, and 
Kununurra, 220 kilometers distant, as resi- 
dential bases for the majority of the work 
force. Commuting was expected to minimize 
any adverse social and environmental im- 
pacts and would provide the basis for a long- 
term, stable operation. It was proposed that 
employees would rotate through a cycle of 
14 days on-site and 7 days leave in Perth. 
About 70 senior staff and support personnel 
would live in Kununurra, the nearest town 
to Argyle, and would commute to the site 
daily by air. | 

Freeport of Australia Pty. Inc., a subsid- 
iary of Freeport-McMoRan Inc. of New 
York, was carrying out a bulk sampling 
program on alluvial gravels about 20 kilo- 
meters from the AK-1 pipe where ADMJV 
was operating. 

Freeport of Australia and its local part- 
ner, Gem Exploration and Minerals Ltd., 
recovered 2,370 diamonds from 2,350 tons of 
material during 1983-84, or nearly 0.17 
carat per ton, but two of the terraces exam- 
ined show more encouraging results: 0.35 to 
0.56 carat per ton. A second separation 
plant was recently brought in to increase 
bulk testing, and if operations proved to be 
financially viable, the project would be 
launched by the end of 1985.12 

The Australian Diamond Exploration 
Joint Venture had encouraging results in 
its exploration for diamonds in the North- 
ern Territory during 1984. Preliminary 
sampling was conducted over 22 of the 37 
"first priority" geophysical targets, and dia- 
monds were discovered in 15 of them. The 
exploration area has now been narrowed 
down to a zone next to the border with 
Queensland. Geologists describe the find as 
potential kimberlite pipes, similar geologi- 
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cally to the earlier discoveries at Ellendale, 
Western Australia, which are still awaiting 
development. The gems are of higher quali- 
ty than those at Argyle. The exploration 
established the presence of a number of 
magnetic anomalies similar to those of oth- 
er Áfrican and Australian kimberlite clus- 
ter areas. It was concluded that the abun- 
dant presence of microdiamonds indicated 
the diamond-bearing source rocks to be in 
the proximity and are believed to be cov- 
ered by about 20 to 100 meters of overbur- 
den. The three equal joint venture members 
are Ashton Mining Ltd., AOG Minerals 
Ltd., and Aberfoyle Ltd. 

Botswana.—Botswana was the world's 
second largest producer of diamonds with 
output reported at almost 13 million carats. 
Substantial increases in production and 
grade were reported from all three mines, 
Orapa, Letlhakane, and Jwaneng, with 
Jwaneng reporting a 1.6-million-carat in- 
crease in output. The recovery grade was 
60.95, 30.63, and 149.02 carats per 100 met- 
ric tons, respectively, at Orapa, Letlhakane, 
and Jwaneng.'* 

Canada.—Renewed interest has been 
prompted by the recent discovery of kimber- 
lite boulders contained in glacial gravels 
from the vicinity of Hearst Township in 
Ontario. 

At least two companies were actively 
engaged in diamond prospecting in north- 
eastern Ontario. They were Monopros Ltd., 
a Canadian subsidiary of De Beers, and BP 
Resources (Canada) Ltd.. 

Ghana.—Ghana Consolidated Diamonds 
Ltd., which in 1983 produced just 340,000 
carats of diamonds, was expected to begin 
production from its $12 million Birrim Riv- 
er project in February 1985. Output was 
projected to reach 1 million carats per year 
over a 15-year period based on reserves of 20 
million carats.'* 

Guinea.—Guinea's $85.5 million Société 
Mixte Aredor-Guinea diamond mine was 
officially opened. The mine was 173 kilome- 
ters east of Kissidougou, in the Baule Basin. 
Exploration completed at the end of Sep- 
tember 1983 proved reserves to be just 
under 2.1 million carats contained in almost 
6.5 million cubic meters of gravel. The 
throughput rate at the mine was 400,000 
cubic meters of alluvial diamond-bearing 
gravel per year. Prospecting results have 
shown that the deposit contained over 9096 
gem-quality diamonds, with stone sizes av- 
eraging 0.53 carat. Should further explora- 
tion prove successful, throughput was to be 
increased to 1 million cubic meters per 
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year.“ 

A major new diamond area was discov- 
ered in Guinea. The main foreign partner in 
the Aredor-Guinea diamond project, Bridge 
Oil Ltd. of Australia, reported that the 
deposit, outside the main project area, con- 
tained six known kimberlite pipes and po- 
tentially rich alluvial diamonds. Production 
should begin in April 1985.15 

Namibia.—Ocean Diamond Mining 
(ODM) recently acquired the mining rights 
for an area in the Atlantic off the coast of 
Namibia. ODM planned to recover dia- 
monds from the area with a ship called the 
Calypso, which was to use air-lift techniques 
to excavate diamondiferous gravels. The 
operation would be close to the beach- 
mining projects of the De Beers Group and 
Consolidated Diamond Mines (Pty.) Ltd. 
Production was projected to be about 2,000 
to 3,000 carats per month. 

Sierra Leone.—The Sierra Leone Govern- 
ment paid $8.5 million to acquire British 
Petroleum Co. (Sierra Leone) Ltd.’s 49.5% 
stake in the country’s National Diamond 
Mining Co., according to a recent official 
statement. The Government now has total 
control of the country’s diamond mining 
industry, its main foreign exchange earn- 
er. 

South Africa, Republic of.— Intensive 
prospecting continued in the interior of the 
Republic of South Africa, and although 
several new kimberlites were located, none 
has yet proved to be of economic impor- 
tance. Sampling of the group of kimberlites 
on the Venetia farm in the Transvaal con- 
tinued. However, a preliminary appraisal of 
the property suggests that a commercial 
mining operation would not be viable under 
present economic circumstances. 

Mafikeng Diamonds Ltd. planned to com- 
plete construction of a recovery plant at the 
Molopo alluvial diggings, about 10 kilome- 
ters from Mafikeng. The plant had been 
used for the initial feasibility studies for the 
operation. Recovery of about 1,000 carats of 
largely gem stone- quality diamonds per 
month during the trial mining program, 
from what was believed to be a low-grade 
deposit, led to the decision to convert to 
commercial operations. In addition to the 
major operation, diamonds were also re- 
covered on a relatively small scale at alluvi- 
al diggings in the Taung district.” 

U.S.S.R.—University scientists at Khar- 
kov claim to have discovered a method of 
locating diamond-bearing rocks from the 
amounts of specific trace elements accumu- 
lating in overlying trees and shrubs. By 
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using this new method in conjunction with 
traditional geological ones, it was reported- 
ly found possible to delineate the deposit 
outlines. Successful testing of the method 
was carried out at established deposits in 
the Yakut area of the U. S. S. R. 

In 1983, the new Anabar diamond placer 
mine in Yakutia was reported to have been 
commissioned. This diamond placer on the 
Ebelyakh River was discovered in the mid- 
1960's, but development was delayed be- 
cause of its remote location at the Arctic 
Circle.** 

A major diamond mining complex on the 
bank of the Lena River reopened in 1984. 
The complex was temporarily closed for 
modernization and the installation of new 
purification filters. Industries are being en- 
couraged by the Soviet Government to in- 
stall closed-cycle water supply systems and 
purification facilities to prevent pollution of 
the arctic seas. Other installations planned 
along the same lines include the construc- 
tion of a station for the biological purifica- 
tion of communal waste in the diamond 
mining area of Mirnyy and a mineralized 
sewage collector at the Mir diamond field. 

Zaire.—The average sale price received 
by Société Zairoise de Commercialisation de 
Minerais in 1983 rose to $8.63 from $7.59 
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per carat in 1982. Marketing contracts 
concluded with British Diamond Distribu- 
tors Ltd. in March 1983 guaranteeing a 
minimum price of $8.55 per carat. The 
principal producer, Société Miniére de 
Bakwanga (MIBA), also benefited in terms 
of both earnings and financial position from 
the devaluation of the zaire (national unit 
of currency), which took place on cee 


12, 1983. 


MIBA inaugurated an important new 
production plant; a large 100,000-cubic- 
meter-per-month bucket dredge is now in 
operation and will be capable of producing 
1.0 million carats per year. It should enable 
low-cost mining in areas that are uneco- 
nomical to mine by traditional methods. In 
a bid to control small-scale diamond mining, 
the Government, in November 1983, cleared 
all prospectors from MIBA's main operating 
centers, which cover about 5,000 square 
kilometers, but has legalized small miners 
elsewhere in MIBA's vast concession areas. 
It also intended to close the purchasing 
offices at Mbujimayi to individual miners. 
The Government policy, however, risks 
causing tension in a region where a host of 
prospectors depend for their living solely on 
the proceeds of illicit diamond mining.” 
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TECHNOLOGY 


Researchers were working with diamond 
crystallization in an effort to gain an under- 
standing of the origin of natural diamond. A 
striking phenomenon was observed in ex- 
periments conducted at atmospheric pres- 
sure: When a piece of metal foil was placed 
on a diamond and heated in a hydrogen 
atmosphere, the foil progressively sunk into 
the diamond to form a smooóth-walled hol- 
low corresponding to the foil shape. The 
simplicity of obtaining various intricate hol- 
lows in diamond was so evident that it 
forced the researchers toward application of 
the newly discovered phenomenon. 

The mechanism of the surprising phe- 
nomenon turned out to be rather simple. A 
piece of iron or nickel foil dissolved the 
diamond carbon at the contact. The dis- 
solved carbon diffused through the foil, 
reacted with hydrogen on the foil's upper 
surface, and was removed as methane. By 
dissolving the diamond carbon on its lower 
surface and passing it through to the gas on 
its upper surface, the foil sank uniformly 
into the diamond. A more detailed analysis 
showed that sinking was due to fortuitous 
coincidence of the following factors: 

1. At high temperature, carbon readily 
dissolves in certain metals. 

2. Owing to small atom size, carbon can 
fairly quickly diffuse in a metal. 

3. The carbon dissolved in a metal is 
chemically much more active than diamond 
and can react with such gases that neither 
diamond nor even black carbon react with, 
for example, hydrogen. 

This "thermo-chemical working" has 
been applied to several applications, some 
of which are etched images on diamond, 
sharpening of diamond microsurgical 
knives, production of small diamond gears, 
boring square holes in diamond, wire- 
sawing diamond, and sawing and grinding 
polycrystalline diamond shapes.?’ | 

Improvements in the synthesis of per- 
fect" diamond and cubic boron nitride mon- 
ocrystals necessitate control of the impurity 
content in the reaction zone of a high- 
pressure assembly. Available data on the 
elemental composition of lithographic stone 
and pyrophyllite, which are widely em- 
. ployed as pressure-transmitting media, indi- 
cate that these materials could be the 
source of impurities such as calcium, sili- 
con, oxygen, magnesium, aluminum, and 
iron, which are often found in synthetic 
diamonds. Researchers examined the diffu- 
sion of capsule material (in this case, litho- 
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graphic stone) into the reaction zone, which 
contained graphite samples 10 millimeters 
in diameter by 10.6 millimeters high. 

A new form of synthetic polycrystalline 
diamond was developed that can replace 
natural diamond and competitive synthetic- 
diamond products in surface-set drills and 
dressing tools and single-crystal natural 
and synthetic diamond in saw blades and 
grinding wheels. Particles produced in the 
piece-per-carat size for surface-set drills and 
dressing tools are priced in the $8-to-$10- 
per-carat range and can replace natural and 
carbonado diamond selling at considerably 
higher prices. Particles produced in the 
mesh-size range for saw-blade applications 
are priced at $3 to $5 per carat and can be 
used at much lower concentrations to re- 
place single-crystal natural and synthetic 
diamond.” 

When a Michigan engine manufacturer 
began using polycrystalline diamond inserts 
to mill cam housings made from die-cast 
SAE 305, low-silicon aluminum for 4-cylin- 
der, overhead cam engines, tool life in- 
creased 9,000% over the previously used 
carbide tooling. 

Engineers at this plant reported that, 
when using conventional carbide inserts to 
face-mill engine housings, cutter changes 
were required at least once during each 
shift. The carbide tooling could finish 700 to 
1,500 parts before failure. But the polycrys- 
talline diamond inserts were holding toler- 


ances for 3 months, finishing more than 


90,000 parts. When no longer able to gener- 
ate finish tolerances, the diamond inserts 
are transferred to a roughing station where 


they machine another 150,000 parts. 


Core-drilling tests were made on south- 
western Pennsylvania coalfields to test the 
newly developed  all-polycrystalline-dia- 
mond triangles (PDT), no substrate base, 
against natural, single-crystal mined dia- 
mond. Penetration rates averaged 10 inches 
per minute for polycrystalline diamond 
compacts (PDC) bits and only 6 inches per 
minute for mined-diamond bits. There was 
a startling improvement in bit life: when 
PDT bits replaced mined-diamond bits. PDT 
bit life averaged over 2,500 feet of hole 
compared with only 1,200 feet of hole for the 
mined-diamond bits. 

PDT's are set in a metal matrix by the 
drill-bit manufacturer using procedures 
similar to those used to set mined-diamond 
stone. 

Improved performance of bits made with 
the triangles is a result of polycrystalline 
microstructure of the diamond. The trian- 
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gles do not have the inherently weak planes 
of mined diamond. Tiny diamond crystals in 
the triangles are strongly bonded to each 
other. Owing to these diamond-to-diamond 
bonds, the triangles resist fracture in all 
directions. Catastrophic failure owing to 
fracture under impact during drilling, a 
problem with mined-diamond bits, is there- 
fore highly unlikely with PDT bits. Individ- 
ual crystals fracture during drilling. This 
slow, even microfracturing exposes fresh, 
sharp diamond cutting edges. As a result, 
the polycrystalline diamond has far less 
tendency to polish or wear smooth than 
does single-crystal mined diamond.*! 

A plant producing particleboard door 
cases switched from carbide tools to PDC 
because tool edge life was only 4,822 linear 
feet for the carbide tool compared with 
almost 1.4 million linear feet with the PDC 
tool. This represented an edge-life improve- 
ment of 287 times and a cost savings of 
almost 1846.3? 

The Diamond Research Laboratory in 
Johannesburg, the Republic of South Afri- 
ca, recently announced the development of 
an advanced family of thermally stable 
PDC. The key to the new material's distinc- 
tive properties was a synthesis process, 
which resulted in a special binder phase 
being retained as an integral part of the 
finished product. Consequently, the product 
was a dense, nonporous, fully intergrown 
polycrystalline diamond with substantially 
higher resistance to shock loading than 


85 


other available types of thermally stable 
PDC where the binder phase had been 
removed. 

From the application point of view, the 
unique properties, which include thermal 
stability up to 1,200' C, meant that the 
material was ideally suited to arduous op- 
erating conditions. 

Like standard PDC, the new product was 
fully dense and intergrown, but, unlike the 
standard product, it was inherently stable 
since the residual matrix remained passive 
and no reaction occurred with the diamond. 
In standard PDC, the effect of high temper- 
ature causes extensive graphitization of the 
diamond catalyzed by the presence of the 
binder phase. The conversion of diamond to 
graphite led to catastrophic failure of the 
product. With standard PDC, thermal sta- 
bility could be improved by removing the 
metallic binder phase using an acid-leach- 
ing technique. But although the partial 
removal of the active binder phase reduced 
substantially the catalytic conversion of 
diamond to graphite, the skeletal structure 
enabled oxygen to permeate freely through 
the open pores, which at high temperatures 
caused extensive graphitization from with- 
in. 

Abstracts relative to diamond materials 
and machines, including patents, were pub- 
lished monthly from January to June in the 
Industrial Diamond Review. Each 1984 
monthly report contained 17 to 23 pages of 
abstracts and patent information. 


MANUFACTURED ABRASIVES 


Manufactured abrasives operations ex- 
perienced a substantial turnaround in 
quantities and values shipped. These indus- 
tries had suffered through 2 very lean 
years. Shipment levels in 1984, while en- 
couraging, were still significantly below the 
1981 levels. Price competition was strong; 
therefore, percentage increase in values are 
generally well below the percentage in- 
crease in quantities shipped, because of the 
lower unit values. 

Five firms produced crude fused alumina 
in the United States and Canada at nine 
plants. Production was at only 58% of 
furnace capacity. Reported production of 
white, high-purity material increased 25% 
to 19,900 tons but was only 55% of the 
normal level. Production of regular materi- 
al increased 29% in quantity and 26% in 
value to 156,800 tons and $53.7 million. 
Almost all of the combined output of white 


and regular material was for abrasive appli- 
cations. Two companies reported shipping 
an appreciable quantity of regular material 
for refractory manufacture. Reported year- 
end stocks totaled 11,100 tons. 

Electrominerals Div. of The Carborun- 
dum Co., which was consolidated in 1983 
with the Processed Mineral Sector of Sohio 
Chemical and Industrial Products Co., along 
with QIT-Fer et Titane Inc., was reorga- 
nized as the Sohio Electro Minerals Co. 

The Exolon Co., Tonawanda, NY, and 
ESK Corp., Hennepin, IL, merged on April 
21, 1984, and formed The Exolon-ESK Co. 
ESK was owned by the West German com- 
pany Wacker Chemie AG, which also owned 
Elektroschmelzwerk Kempten AG in the 
Federal Republic of Germany. The existing 
silicon carbide and fused aluminum oxide 
operations would remain the same, and the 
sales and executive offices were to be locat- 
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ed in Tonawanda. 

The Industrial Abrasives Div. of 3M Co. 
started manufacturing Cubitron, a gel- 
derived spinel containing 93% alumina and 
7% magnesia, on a production basis in new 
facilities in Cottage Grove, MN. The high- 
purity material does not contain fracture 
lines.“ Many grades of the material were 
produced for use on metal grinding belts, 
wood planing belts, and fiber-backed discs.“ 

One firm produced fused alumina-zirco- 
nia abrasive in plants in both Canada and 
the United States. All production was used 
for abrasive applications. Output increased 
in both tonnage and value. 

Five firms in the United States and Cana- 
da produced silicon carbide in six plants. 
The companies produced crude material for 
abrasives, refractories, and other nonabra- 
sive uses. Total production was only 62% of 
furnace capacity. Output during the year 
increased 26% to 137,000 tons and value 
increased 10%. Abrasive use increased 28% 
and accounted for 37% of the output. Metal- 
lurgical applications increased 68% and 
accounted for 52% of the output. Refractory 
applications decreased 46% and accounted 
for 11% of the output. One manufacturer 
stated that its breakdown between refracto- 
ry and metallurgical applications in 1983 
was reported incorrectly; however, it was 
unable to correct the error and could only 
state that the refractory application should 
have been lowered. The large decrease for 
refractory application for 1984 was, there- 
fore, misleading, since the previous data are 
incorrect, but there was some reduction in 
refractory usage. Yearend stocks totaled 
15,880 tons as of December 31. 

Silicon Metal Products Ltd. continued 
recovery of fine-grained silicon carbide from 
granite sludge at its plant in Elberton, GA. 
The proprietary beneficiation process was 
developed by the company. 

A new company, Northern Recovery Sys- 
tems Inc., was formed for the purpose of 
recovering fine-grained silicon carbide from 
granite sludges. The company acquired the 
Vermont Minerals Inc. plant in Barre, VT. 
Commercial operation was scheduled to be- 
gin on May 1, 1985. The product will be over 
90% silicon carbide, all finer than 200 U.S. 
mesh. The higher grade materials will be 
primarily sold to the refractories industry 
and the lower grade material will be sold to 
the metallurgical industry. Plant capacity 
was initially set at 2,500 tons per year, and 
feedstock material was assured for 5 years. 
Additional sources of feedstock material 
were being developed. 
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In the yearend 1984 stockpile report to 
Congress by the General Services Adminis- 
tration, the inventory of crude fused alumi- 
num oxide abrasive grain was 51,000 tons. 
Stocks of crude silicon carbide were 80,550 
tons; the goal was 29,000 tons. 

Metallic abrasives were produced by 11 
firms in 12 plants in the United States. 
Steel shot and grit comprised 91% of the 
total quantity of metallic abrasives sold or 
used; the balance included chilled iron shot 
and grit and annealed iron shot and grit. 
The following four States, in decreasing 
order of quantity, supplied 100% of the total 
sold or used: Pennsylvania, Michigan, Ohio, 
and Virginia. The total sold or used in- 
creased 26% in quantity and 27% in value. 

Shipments of chilled and annealed iron 
shot and grit, produced by two companies, 
one in Indiana and one in Ohio, increased 
995 in both quantity and value. Cut wire 
shot production, primarily stainless steel, 
production was reported by two firms, one 
in Michigan and one in New York. 


TECHNOLOGY 


A U.S. company developed a new water- 
jet cutting tool called the Paser for Parti- 
cle Stream Erosion." The system used a 
combination of high-pressure water and 
commercially available abrasive materials 
such as garnet or silica to cut through glass, 
metals, and other heavy or dense materials 
with no heat and reported leaving a clean, 
finished surface. Problems normally asso- 
ciated with heat buildup were eliminated; 
there was no danger of flying particles, and 
the unit produced no airborne dust when 
cutting materials such as fiberglass. Omni- 
directional cutting permitted contouring 
and beveling. The cutting tool was designed 
to be integrated into computer-controlled 
systems.** 

A firm in the United Kingdom also devel- 
oped an abrasive water-jet cutting system. 
The cutter was reported to have the capabil- 
ity of drilling or slicing through hard mate- 
rials such as rock, steel, glass, and rein- 
forced concrete, as well as soft composites, 
plastic, and rubber. No sparks, heat, dust, 
or shocks were generated, so the technique 
could be used in explosive or flammable 
atmospheres as well as in areas where dust 
was a problem. The system operated at a 
moderate pressure and used abrasive en- 
trained in the jet. Typical cutting speeds 
were 6 centimeters per minute on 3.81- 
centimeter mild steel plate, 12.7 centime- 
ters per minute on 0.64-centimeter stainless 
steel plate, and 58.4 to 102 centimeters per 
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hour on 30.5-centimeter-thick high-strength 
concrete. 

A domestic manufacturer developed two 
new silicon carbide products that were tar- 
gets for structural application, such as high- 
performance ceramic components for heat 
engines. One of the ceramics was a patented 
silicon-carbide composite that possessed a 
toughness index over 50% greater than that 
of standard silicon carbide materials. The 
other was a patent-pending, silicon-carbide- 
based structural ceramic that could be 
electrical-discharge machined, which al- 
lowed the manufacture of precision compo- 
nents without diamond grinding.** 

The Bureau of Mines produced high- 
purity. ultrafine alpha-silicon carbide using 
the Bureau's patented turbomilling process. 
These powders with Brunauer-Emmett- 
Teller (BET) surface areas from 30 to 35 
square meters per gram were produced in 
an all-polymer turbomill. These high-purity 
powders hot pressed to greater than 9946 of 
their optimal density and exhibited proper- 
ties commensurate with those of commer- 
cially available alpha-silicon carbide.” 

Silicon carbide ceramics containing up to 
24.6 volume percent of dispersed titanium 
carbide particles yielded fully dense com- 
posites by hot pressing. The microstructure 
consisted of fine titanium carbide particles 
in a fine-grained silicon carbide matrix. 
Addition of titanium carbide particles in- 
creased the critical fracture toughness of 
silicon carbide and yielded high flexure 
strength, both properties increased with 
increasing volume fraction of titanium car- 
bide. The strengths at elevated tempera- 
tures were also improved by the titanium 
carbide additions. Observations of the frac- 
ture path indicated that the improved 
toughness and strength were a result of 
crack deflection by the titanium carbide 
particles. 

Silicon- nitrate and silicon carbide materi- 
als were developed by the Japanese Engi- 
neering Research Association for high- 
performance applications. The hot isostati- 
cally pressed ceramic materials were able to 
endure a tensile test of over 30 kilograms 
per square millimeter after 1,000 hours at 
temperatures above 1,200* C and a resist- 
ance to collapse under a continuously ap- 
plied load of 10 kilograms. The indexes of 
reliability of the finished products were 32.9 
for the silicon-nitrate and 20.3 for the 
silicon-carbide figures, which are compar- 
able to the 20 to 25 range typical of cast 
metal products. With reliability on par with 
metals, these materials could find future 
use in such applications as turbine blades 
where high temperature strength is a pre- 
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requisite.“ 

Cubic boron nitride was produced by sub- 
jecting a starting mixture of hexagonal 
boron nitride, a conversion initiator, and an 
additive of crystalline hydrate to a pressure 
of 40 to 70 kilobars and to a temperature of 
1,100* C to 1,200* C. The initiator was either 
alkaline, alkaline-earth metal, and/or a 
nitride of the metal, and the hydrate addi- 
tive was a salt containing either sulfur, a 


halogen, and/or nitrogen. Compared with 


known methods, this procedure resulted in 
a 10% to 30% increase in conversion of 
hexagonal boron nitride to cubic boron ni- 
tride and a doubling of the number of grains 
above 100 micrometers in size.*? 
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Table 13.—Crude artificial abrasives manufacturers in 1984 


Company 


Hennedin, IL 
Thorold, Ontario, Canada 


Location Product 


Silicon carbide. 
aluminum oxide 
( lar) and silicon 


carbide. 
General Abrasives, a division of Dresser Niagara Falls, NY |... Fused aluminum oxide 
Industries Inc. (high-purity). 

Dosuac s we M e AE Niagara Falls, Ontario, Canada uminum oxide 
( lar) and silicon 
carbide. 

Norton Co). eee Aes Huntsville, AL... Fused aluminum oxide 
(high-purity). 

//öCöĩê³· clans iM ee t adi eei ue Worcester nun General abrasive process- 
ing. 

Ose aS oe ee ⁵ĩ 8 Cap-de-la-Madeleine, Quebec, Canada Silicon carbide. 

Da ha ce ( Ee Chippewa, Ontario, Canada Fused aluminum oxide 
(regular and high- 
purity) and aluminum- 
zirconium oxide. 

Satellite Alloy Cordʒ„tt „ Mpringfietd, |J. EPEE E EE E Silicon carbide. 
Sohio Electro Minerals Co ------------- iagara Falls, (XX brem ao oxide 
igh-puri 

Doo uv uoc ag h ⁊ 8 Vancouver, WA (inactive: _— _ Silicon carbide. 

%)J˙ö·ùõ˙ð.wũê¹diſſ o cto erates ee eed Niagara Falls, Ontario, Canada Fused aluminum oxide 
(regular). 

ACG! As teste cet ee Shawinigan, Quebec, Canada Silicon carbide. 
Washington Mills Abrasives o Niagara Falls, Ontario, Canada Fused aluminum oxide 

(regular). 
Table 14.—Producers! of metallic abrasives in 1984 
1 Product (shot 
Company Location and/or grit) 
Abrasive Materials Inne Hillsdale, all Cut wire. 
Durasteel ' ede Pittsburgh, ~________________ Steel. 
Ervin Industries IinncOQss -—-— Adrian, MI... .. 222-22 - Do. 
)))))))(ü.;küüĩ?17“%ẽ ⁵ ð mi LE Butler, PA -—--—--------------—— Do. 
Globe Steel Abrasives o Mansfield, Pl Do. 
Jumbo Manufacturing Inc Tippecanoe, 22 88 Chilled iron. 
Metal Tec Steel Abrasives ko Canton, W! Steel. 
National Metal Abrasive co Wadsworth, l. Do. 
The Pangborn Co- ---------------—--— Butler, PA 2 ß : 
Pellets f Tonawanda, NTT“ Cut wire. 
Steel Abrasives Ina Fairfield, OH |... Chilled iron. 
Wheelabrator-Frye Inc . Mishawaka, IN (inactive) Steel. 

DN cca eta ete Bedford, VA ___________________ Do 


1Excludes secondary (salvage) producers. 
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Table 15.—Crude manufactured PME ec in the United States and Canada, 
y kin 
(Thousand short tons and thousand dollars) 


Kind 1980 1981 1982 1983 1984 


Silicon carbide! |... 2c 170 156 112 109 137 
ll ay EE $64,346 $68,839 $54,507 $52,016 $57,125 
Aluminum oxide (abrasive grade)! _____________- 193 203 132 137 177 
, oues al 88 863,881 $18,712 $45,975 $50,565 $63,818 
Aluminum~-zirconium oxide . 19 W 8 W W 
Value `- $8,438 W $4,600 W W 
Metallic abrasives? _______________________ 233 228 166 172 217 
Value — o ˙·ͤ¹¹ .d mu.dt Menem 88 $80,281 $82,952 $62,389 $64,849 $82,288 
Total uh ty E 615 3587 418 3418 3531 


Total value - - - -- ---- ------------ $216,946  %$225,503 $167,471  ?$167,480 33203, 231 


W Withheld to avoid disclosing company proprietary data. 

Includes material used for refractories and other nonabrasive purposes. 
?Shipments for U.S. plants only. 

SExcludes U.S. and Canadian production and value of aluminum-zirconium oxide. 


Table 16.—End uses of crude silicon carbide and aluminum oxide (abrasive grade) in the 
United States and Canada, as reported by producers 


1983 1984 
Use Quantity Value Tarn Quantity Value 1 earang 
(short tons) (thousands) (Short tons) (short tons) (thousands) (short tons) 
SILICON CARBIDE 
Abrasives 39, 896 $20,680 3,953 50,946 $22,217 6,704 
Metallurgical |... 42,300 17,875 5,571 71,140 28,718 6,140 
Refractories and other 26,903 18,461 2,612 14,509 6,190 3,036 
Total ono ee 109,099 52,016 12,136 136,595 57,125 15,880 
ALUMINUM OXIDE 
Regular: Abrasives plus refractories! 121,167 42,587 . 10,490 156,814 53,740 9,175 
High pur it 15,940 7,978 1.937 19, 856 10,078 1,950 
TOLL es e eres 137,107 50,565 12,427 176,670 63,818 11,125 


1 Abrasives combined with refractories to avoid disclosing company proprietary data. 


Table 17.—Production, shipments, and annual capacities of metallic abrasives in the 
United States, by product! 


Production Shipments Annual 
Product Quantity Value Quantity Value capacity” 
(short (thou- (short (thou- (short 
tons) sands) tons) sands) tons) 
1988: 
Chilled iron shot and grit |... W W W W W 
Annealed iron shot and grit W W W W W 
Steel shot and grit 154,856 644, 825 153,637 $57,770 272,000 
Otho es e eas 16,648 6,507 18,310 7,079 36,000 
Ota) sa Se ee 171,504 51,332 171,947 64,849 XX 
984: 
Chilled iron shot and grit W W W W W 
Annealed iron shot and grit W W W W W 
Steel shot and griũtt 196,921 69,653 197,946 74, 368 274, 500 
Other’ _——-------------------———- 20,427 8,015 20,053 7,920 41,500 
Tóta d 217,848 11,668 217,999 82,288 XX 


W Withheld to avoid disclosing company proprietary data; included with "Other. XX Not applicable. 

1Excludes secondary (recycle) producers. | | 

Total quantity of the various types of metallic abrasives that a plant could have produced during the year, 5 
three & hour shifts per day, 7 days per week, allowing for usual interruptions, and assuming adequate fuel, labor, an 
transportation. 

Includes cut wire, aluminum, stainless steel shot, and items indicated by symbol W. 
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By Frank X. McCawley? and Pamela A. iephenson. 


World production of primary aluminum 
increased to a record-high level in 1984. The 
largest increases were in Australia, where 
new facilities came on-stream, and in the 
United States, where idled capacity was 
reactivated early in the year. Domestic 
producers increased their rate of production 
from about 78% of capacity at the begin- 
ning of the year to 87% by the end of May, 
but cut back to the 78% operating rate by 
yearend because of oversupply and conse- 
quent falling prices. Foreign sources of alu- 
minum gained a larger share of the U.S. 
market, and net imports to the United 
States rose to a record-high level. 

Domestic Data Coverage.—Domestic pro- 
duction data for aluminum are developed 
by the Bureau of Mines from two separate, 
voluntary surveys of U.S. operations. Typi- 
cal of these surveys is the "Aluminum" 
survey. Of the 10 companies to which 
monthly survey requests were sent, 90% 
responded, representing 9596 of the total 


A. 


I poc 


* 


primary aluminum production shown in 
tables 1, 5, and 12 Vroduction data for the 
nonrespondent were estimated based on 
total primary aluminum monthly and an- 
nual production data from various sources. 

Legislation and Government  Pro- 
grams.—On June 5, 1984, the Supreme 
Court upheld the contracts between the 
Bonneville Power Administration (BPA) 
and the Direct Service Industries, repre- 
senting the aluminum producers and other 
industries of the Pacific Northwest. The 
decision, which overruled the Federal Court 
of Appeals in San Francisco, declared that 
BPA has the authority under Public Law 
96-501, the Pacific Northwest Power Plan- 
ning and Conservation Act of 1980, to make 
available and give preference to the indus- 
tries in the allocation of surplus or non- 
firm" power. The public utilities claimed 
first rights to surplus power and had won 
their claim in the appeals court. 


Table 1.—Salient aluminum statistics 
(Thousand metric tons and thousand dollars unless otherwise specified) 


1980 1981 1982 1983 1984 
United States: 

acsi production 4, 654 4,489 3,274 3,353 4,099 
NV ovd rt E $7,346,410 — $7,520,841 $5,485,121 $5,754,298 $7,319,844 

Price: Producer list, ingot, average cents per 
pound ous elus cec re mcis 11.6 16.0 16.0 77.8 81.0 
Secondary recovery -_--------------- 1,260 1,394 1,466 1,564 11,760 
Exports (crude and semicrude) __________ 1,846 181 148 776 134 
Imports for consumption (crude and semicrude) 647 848 818 1,091 1,477 
Aluminum industry shipments? _________ 15,515 15,644 5,090 5,883 P6,519 
Consumption, apparent 4,595 4,614 4,370 T5,035 5,279 
World: Production 115,383 715,083 13,455 P13,945 15,521 


Estimated. Preliminary. Revised. 


1 Beginning with 1984, metallic recove 


from purchased, tolled, or imported new and old aluminum scrap expanded for 


full industry coverage. Prior to 1984, aluminum recovered from all types of purchased scrap not expanded for full 


industry coverage. 
To domestic industry. 
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Primary.—Production of primary alumi- 
num was 4,099,045 metric tons in 1984. At 
the beginning of the year, the operating 
rate of the primary smelters was 78.4% 
with 1.08 million tons of the 5.0 million tons 
of reported annual capacity shut down. In 
February, U.S. annual smelter capacity was 
reduced to about 4.9 million tons because of 
the permanent closure of Reynolds Metals 
Co.s 103,000-ton-per-year plant at San 
Patricio, TX, which had stopped metal pro- 
duction in May 1981. | 

As the economic recovery that began in 
mid-1983 continued into early 1984, produc- 
ers continued to start up potlines, and by 
the end of May, the operating rate was up to 
87.4%, with about 617,000 tons of annual 
capacity not operating. The status of the 
primary industry was as follows: 3 smelters 
permanently shut down, 3 temporarily shut 
down, 5 operating at reduced capacity, and 
22 operating at full capacity. | 

However, metal prices began to decline in 
January as U.S. and world inventories in- 
creased. By June, U.S. producers began to 
reduce production in an effort to offset this 
trend. By yearend, the operating rate was 
down to 78.2% of annual production capaci- 
ty, and the status of the industry was 3 
smelters permanently closed, 4 temporarily 
closed, 14 operating at reduced capacity, 
and 12 operating at full capacity. | 

Through May, production capacity was 
started as follows: Kaiser Aluminum & 
Chemical Corp., 25,000 tons per year at 
Spokane, WA, and 37,200 tons per year at 
Ravenswood, WV; Reynolds, 80,000 tons per 
year at Listerhill, AL; ARCO Aluminum 
Co., 54,000 tons per year at Sebree, KY, and 
44,000 tons per year at Columbia Falls, MT; 
Alumax Inc. (Eastalco Aluminum Co), 
40,000 tons per year at Frederick, MD; and 
Ormet Corp., 81,000 tons per year at Hanni- 
bal, OH. Facilities partially shut down from 
June through December were smelters of 
Aluminum Co. of America (Alcoa) at Evans- 
ville, IN, Badin, NC, Alcoa, TN, Rockdale, 
TX, and Vancouver, WA; Kaiser at Spo- 
kane, WA, and Ravenswood, WV; Reynolds 
at Listerhill, AL, Jones Mill, AR, and Trout- 
dale OR; Alumax at Mount Holly, SC, 
Frederick, MD, and Ferndale, WA; Consoli- 
dated Aluminum Corp. at New Johnsonvil- 
le, TN; and ARCO at Columbia Falls, MT. 
Martin Marietta Corp. closed its The Dalles, 
OR, smelter in December. 


In January, Alcan Aluminium Ltd., of 
Canada, and Atlantic Richfield Co. (ARCO) 
announced an agreement for Alcan to pur- 
chase from ARCO the 163,000-ton-per-year 
Sebree, KY, aluminum smelter; the new 
181,000-ton-per-year Logan County, KY, 
rolling mill; a rolling mill in Terre Haute, 
IN; the packaging products mill and rolling 
mill in Louisville, KY; and its 25% interest 
in the Aughinish, Ireland, alumina refin- 
ery. The U.S. Department of Justice, in ac- 
cordance with U.S. antitrust laws, approved 
the purchase in October but limited Alcan's 
ownership and management of the Logan 
County mill to 40%, with ARCO retaining a 
60% share. ARCO's 163,000-ton-per-year Co- 
lumbia Falls, MT, smelter reportedly re- 
mained available for sale. 

In October, Martin Marietta announced 
the sale of a portion of its aluminum inter- 
ests to Comalco Pty. Ltd., Australia, and to 
ARCO. Comalco agreed to purchase the 
108,000-ton-per-year Goldendale, WA, pri- 
mary aluminum smelter; a 109,000-ton-per- 
year rolling mill and a 204,000-ton-per-year 
recycling plant at Lewisport, KY; an alumi- 
na unloading port at Portland, OR; and 
other assets. ARCO reportedly agreed to 
purchase a 270,000-ton-per-year petroleum 
coke plant at Wilmington, CA, which Mar- 
tin Marietta operated as a joint venture 
with Champlin Petroleum Co. In December, 
Martin Marietta entered into a joint ven- 
ture with Nippon Kokan K.K. of Japan to 
form the International Light Metals Corp. 
to produce and market aluminum- and tita- 
nium-base alloy forgings and extrusions for 
the aerospace markets. The new company, 
held 60% by Martin Marietta and 40% by 
Nippon Kokan, was to operate the Tor- 
rence, CA, forging and extrusion plant for- 
merly owned by Martin Marietta. At the 
end of 1984, The Dalles, OR, 81,600-ton-per- 
year primary smelter and the St. Croix, 
Virgin Islands, alumina refinery were still 
up for sale. On December 1, Martin Mariet- 
ta announced the complete and immediate 
shutdown of The Dalles smelter since ef- 
forts to sell the plant were unsuccessful. 

Norandal U.S.A. Inc., Noranda Alumi- 
num Co.'s fabricating subsidiary, entered 
into an agreement to purchase Revere Cop- 
per and Brass Inc.’s Scottsboro, AL, alumi- 
num sheet mill. Revere had been operating 
the mill under chapter 11 of the bankruptcy 
laws. Sale of the mill was reportedly part 


ALUMINUM 


of the reorganization plan scheduled for 
submission to the bankruptcy court over- 
seeing Revere's reorganization. 

Kaiser resumed operations at its Hale- 
thorpe, MD, extrusions plant after workers 
ratified a 5-year labor contract. The plant 
was closed in late 1984 because of a failure 
between the union local and the company to 
reach a wage and cost concession agree- 
ment. 

Alusuisse Metals Inc., Fairlawn, NJ, the 
U.S. trading and imports subsidiary of 
Swiss Aluminium Ltd. (Alusuisse), was in- 
corporated into Consolidated Aluminum 
Corp., St. Louis, a wholly owned Alusuisse 
company. 

Alumax announced plans to build a $150 
million can sheet rolling mill in Texas. The 
plant was expected to be operational in mid- 
1986 with about 70,000 tons per year of 
sheet capacity. Most of the can sheet report- 
edly will be sold to Continental Can Corp. 
plants in San Jose, CA, and Portland, OR, 
under a long-term contract. To provide 
some of the material for the rolling mill, 
Alumax will build a 7,000-ton-per-year bev- 
erage container recycling plant in Texas. 
Continental Can will supply scrap feed for 
the recycling plant. Alumax sold its How- 
met Aluminum Architectural Products Div. 
to Butler Manufacturing Co., Kansas City, 
MO, in May. Howmet Aluminum Architec- 
tural Products was originally part of How- 
met Aluminum Corp., a subsidiary of Pechi- 
ney, which was sold to Alumax in 1983. 

Alcoa planned to modernize its Warrick, 
IN, aluminum rolling mill facilities to pro- 
duce wider and higher quality can sheet. 
The program, which began early in 1984, 
was expected to take 2 to 3 years. Two hot- 
roling mills and one of four cold-rolling 
mills will be made wider. The moderni- 
zation plan also included construction of an 
electromagnetic costing complex and quali- 
ty control equipment. Construction was to 
begin in January 1985 on a three-stand, 
continuous, high-speed, cold-rolling mill for 
80-inch-wide rigid container and other alloy 
sheet at the Alcoa, TN, mill facilities. The 
new rolls will have the capability to produce 
80-inch-wide sheet 0.010-inch thick with a 
tolerance of plus or minus 0.0001 inch in 
coils of 96-inch diameter. The rolling mill 
was to be built by SMS Schloemann-Siemag 
AG of the Federal Republic of Germany. In 
addition to the new mill, other plant im- 
provements at Alcoa, TN, include a new 
delacquering furnace for scrap beverage 
cans and the widening of an existing hot- 
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rolling mill. 

In July 1984, Kaiser completed a $200 
million modernization of its Trentwood, 
WA, hot-rolling mill to reduce ingots into 
1/8-inch coils. In late fall, work to upgrade a 
cold-rolling mill to produce wider sheet at a 
faster speed was started. When moderni- 
zation of the mill is completed, the line will 
be able to finish coils from 40,000-pound 
ingots. Kaiser reopened its Halethorpe, MD, 
heavy-press extrusion plant in late spring 
after reaching a 5-year agreement with the 
local unit of the United Steelworkers of 
America (USWA). The plant was closed at 
the end of 1988 after workers turned down 
the company's offer of reduced wage and 
benefit concessions. However, on June 1, 
1984, Kaiser closed its Bay Minette, AL, 
cable and wire manufacturing plant when 
the local union of the USWA refused to 
accept cuts in wages and other benefits. The 
plant remained closed for about 4 months 
and was reopened after an agreement was 
reached. After closing the Dolton, IL, extru- 
sion plant in January, after failing to obtain 
wage and benefit concessions from its work- 
ers, Kaiser sold the plant in October to a 
former manager of Kaiser's extrusion divi- 
sion. The new company formed as a result 
of the sale was Dolton Extrusion Co. 

Reynolds reopened its Malvern, AR, alu- 
minum cable plant in January after reach- 
ing wage and benefit modifications with 
local members of the USWA. The plant, 
idled in September 1982, produces electrical 
cable products including overhead conduc- 
tor and 600-volt cable. 

The BPA proposed a revision to the for- 
mula under which investor-owned utilities 
in the Pacific Northwest obtain low-cost 
power from BPA in exchange for high-cost 
power produced by the utilities. The formu- 
la used by the utilities included many items 
believed unrelated to the cost of producing 
power. A revision of the formula to exclude 
these items would reduce the power costs to 
the aluminum smelters but could increase 
the cost to residential and nonindustrial 
consumers. The reduced costs to the smelt- 
ers would benefit the aluminum industry in 
computing the 1983-85 “floor rate" for BPA 
power required by July 1, 1985, under the 
provisions of the 1980 Northwest Power 
Act. In August 1984, BPA offered Pacific 
Northwest aluminum producers an incen- 
tive rate reduction of 5 mills per kilowatt 
hour (kWeh) for a period of 6 months effec- 
tive September 1. The discount was offered 
to stop the trend of Pacific Northwest alu- 
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minum production cutbacks during mid- 
1984. The offer reduced power costs to 22.7 
mills/kWeh; however, producers were to 
maintain production at the September 1 
levels, and use approximately 2,640 mega- 
watts of power on a take or pay basis. In 
November, BPA dropped its controversial 
“customer charge,” which required a mini- 
mum charge to aluminum smelters whether 
operating or not, from its proposed rate 
structure that was to take effect in July 
1985. At the same time, BPA lowered the 
proposed July 1, 1985, rate of 25.2 mills/ 
kWh to an estimated 22 mills/kWeh. 

Secondary.—Total consumption in 1984 
of used beverage can scrap (UBC) by pri- 
mary producers and secondary smelters 
increased about 4% compared with that of 
1983. Primary producers increased UBC 
consumption by about 8%. Recycled UBC 
was equivalent to 50.7% of the aluminum 
can shipments, using an average of 25.9 
cans to the pound.* 

Reynolds began construction of a 45,000- 
ton-per-year secondary aluminum smelter 
near Sheffield, AL. The new smelter was 
being built adjacent to another Reynolds 
subsidiary smelter, the 109,000-ton-per-year 
Alabama Reclamation Co. plant, the largest 
secondary aluminum plant in the United 
States. A new Reynolds subsidiary, South- 
ern Reclamation Co., will operate the new 
$10 million plant, expected to begin oper- 
ation in 1985. The plant will have three 
automated rotary furnaces and be able to 
melt all forms of aluminum scrap. Both 
secondary ingot and molten metal will be 
produced at the plant. The addition of the 
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new plant reportedly will raise Reynolds’ 
secondary capacity to 282,000 tons per year. 

Alumet Smelting Corp., Newark, NJ, was 
formed as a new fully integrated secondary 
smelter. The facility, adjacent to a scrap- 
yard that will provide most of the alumi- 
num scrap, has the capacity to produce 
about 1,400 tons of secondary ingot per 
year. 

In March, Torrance Iron and Metal Co., 
Long Beach, CA, purchased the Fontana, 
CA, secondary smelting plant of the U.S. 
Reduction Co., a subsidiary of American 
Can Co., Greenwich, CT. In June, the re- 
maining four smelters of U.S. Reduction 
were purchased by several executives of the 
secondary industry. A new organization 
formed by the shareholders retained the 
name of the 80-year-old U.S. Reduction. The 
new company included smelters in East 
Chicago, IL, Marietta, PA, Russellville, AL, 
and Toledo, OH. Also part of the new com- 
pany are U.S. By Products Corp., Kansas 
City, a producer of aluminum granules from 
scrap for explosives, and Amcan Trading, 
Leasing and Master Alloys, Russellville, a 
producer of specialty alloys from primary 
metal. The Toledo smelter, closed since 
1982, was reopened by the new owners in 
September. The company’s secondary ca- 
pacity is about 91,000 tons per year. 

In October, Batchelder-Beilin Inc., Chica- 
go, a secondary smelter, filed for reorgani- 
zation under chapter 11 of the Bankruptcy 
Code owing to excessive liabilities. Oper- 
ations had been curtailed at the facility 
during the previous month. 


CONSUMPTION 


Apparent consumption of aluminum in- 
creased by about 5% in 1984 compared with 
that of 1983. Net shipments of aluminum 
ingot and mill products to domestic manu- 
facturers of end products increased to 6.5 
million tons in 1984 from 5.8 million tons in 
1983. Transportation led the gains in end- 
use categories with a significant 26% in- 
crease over 1983 shipments, reflecting a rise 
in U.S. car and truck production over that 
of 1983. Domestic-make car sales of nearly 8 
million in 1984 were the best since 1979. 
Shipments of aluminum for electrical uses 
registered the second largest percentage 
increase over that of 1983. 


Although the containers and packaging 
industry remained the largest consumer of 
aluminum with 26% of total end-use ship- 
ments, the 1984 increase in consumption 
was only slightly more than 3%. The limit- 
ed growth indicated that the aluminum 
beverage can market was near saturation. 
Also, competition from plastic and light- 
weight steel alloy cans and from imported 
aluminum can stock was reportedly increas- 
ing. Aluminum can shipments, 97% of 
which was for beverages, accounted for 1.8 
million tons of metal and represented 64% 
of all domestic metal can shipments during 
the year. 
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Table 2.—U.S. consumption of and recovery from 8 new and old aluminum 
scrap,! by class 
(Metric tons) 
ee Calculated recovery 
Aluminum Metallic 
1983 

Secondary smelters... - --------------------------- 821,846 657,739 710,730 
DFOQUCBIS ⁰²;¹ẽẽ.ſſſ ³Ä0 A 88 773,950 010 
Fabricators -aena y v . ENTERS 192,519 165,017 176,587 
U; y qͤͥ 0 !-... y ELE dc 86,6 2,259 726 
Chemical produecerCCUsssssss L2 LLL 2222-2 81, 17,082 17,659 
OO ga a ß ee 1,912,010 1,562,885 1,679,712 

Estimated full industry coverage ~- - - - -----------------—- 2,019,000 1,648,000 1,773, 

1984 

Secondary smelters __ ---------------------------—— 92, 287 500 
Primary producern JJ... 782,105 654,642 701,926 
e . ee mace e edu 1 164.342 175.949 
FOUDndIMS . õõĩ˙¹ ⁵⁰.. 8 94.141 78,482 84,417 
Chemical producers 217 16,707 277 
fü ³⁵ð dd ³ͤ Aa ͤ K ONCE 1,898,658 1,547,460 1,664,069 
8 full industry coverage 2, 010, 000 1,687,000 1,760,000 


"Excludes recovery from other than aluminum-base scrap. 


Table 3. —U.S. stocks, receipts, and consumption of purchased new and old aluminum 


scrap’ and sweated pig in 1984 
(Metric tons) 
Class of consumer arid type of scrap 33 init * EY, 
Secondary smelters: 
New scrap: 

Solids and clippings _ - - _____--------------- 14,920 810 281,995 12,785 
Borings and turnings . ass 10,451 138,295 189,463 288 
7G;;ö%ĩ⁵ 8 W W W W 
Dross and skimminns sss 8.25 7 64,588 65,000 7,845 
P] ² i ⁰⁰ydd ĩð v E 508 16,653 16,875 286 
%%%]. K ip LE 34,136 455,346 459,333 80,149 

Old scrap: 
Castings, sheet, clippings... - - - - - --- -------—-— 8,618 168,180 | 168,031 8,717 
Aluminum-copper radiators________________ -_ 2,241 18,441 19,207 1,475 
Aluminum ess 1,080 “81,158 “79,982 2,806 
Other. — lo a ee es te 126 5,632 5, 721 37 
///) ³»⁰¹ ͥ LE eU 12,065 213,961 272,891 12,535 
Sweated pig 7,043 60,726 60,683 086 
Total secondary smelters s 58,244 789,433 792, 907 49,770 

Primary producers, foundries, fabricators, chemical plants: 

ew scrap 
Solids and Gippuns ee 25,001 431,232 437,641 18,592 
Borings and turnings ___________________-_- 861 28,305 28,474 192 
C ee neem ee ep ee ap W W W W 
Dross and skimminnans sss 722 82,244 82,219 687 
Other s unt e a 4,935 46,184 44,004 7,115 
Total n. 0 o Lon AA 8 81,019 537,965 542,398 26,586 

Old scrap: 
Castings, sheet, clippings. s 964 68,071 62,994 1,041 
Aluminum-copper radiators. -- -------------- 71 1,289 1,299 11 
Aluminum cans . LLL LL ee 18,990 $474,814 £462,848 25,956 
G ⁰ ²⁰ Ruhe eh cuu c e 2,195 24,811 24, 2142 
FOtallcoc-ecu cett Lu CE 17,220 564,001 551,471 29,750 
Sweated pig 597 11,904 11,882 619 
Total primary producers, ete 48,886 1,118,870 1,105,751 56,955 


See footnotes at end of table. 
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Table 3.—U.S. stocks, receipts, and consumption of purchased new and old aluminum 
scrap! and sweated pig in 1984 — Continued 


(Metric tons) 
Class of consumer and type of scrap 3 NU toni Stocks, 
All scrap consumed: 

New scrap: 
Solids and clippings - - - - - - - - - - - - -- - - - - - - - -- 39,921 667,042 675,636 31,327 
Borings and turninnss 10,812 166,600 167,937 9,475 
IY PEE EEA EEEE at EA ETNEA AT NE 2,565 10,498 10,746 2,317 
Droes and skimmings - - - - -- - - ------—--—--—-—— 8,979 96,832 97,279 8,532 
Other zonan 8 2,878 52,339 50,133 5,084 
Total new scrap- - - - —- -- - -------------—— 65,155 993,311 1,001,731 56,735 

Old scrap: 
Castings, sheet, clippings. ss „ 9,582 231,201 231,025 9,758 
Aluminum-copper radiators. — - - - --- --------——- 2,312 19,680 20,506 1,486 
Aluminum canEsssss 15,070 555,972 542,780 28,262 
A!!! a 8 2,321 30,509 30,051 2,779 
Total old scrap ----------------------- 29,285 837,362 824,362 42,285 
Sweated pig ----------------------------—— 7,640 72,630 72,565 1,105 
Totalofallscrapconsumed. . 102080 1,903303 1,898658 106,725 


"Revised. W Withheld to avoid disclosing company proprietary data. 
1Includes imported scrap. According to reporting companies, 6.52% of total receipts of aluminum- base scrap, or 124,001 
metric tons, was received on toll arrangements. 
2Includes inventory adjustment. 
Includes data on foil. 
Used beverage cans toll treated for primary producers are included in secondary smelter tabulation. 


Table 4.—Production and shipments of secondary aluminum alloys by 
independent smelters in the United States 


(Metric tons) 
1983 1984 
: Net ; Ne 
Production shipments! Production shipments! 

Die-cast alloys 

13% Si, 360, etc. (0.6% Cu, maximum 94,153 94,114 110,904 111,549 

380 and variations __________________________ 355,469 359,867 286,458 285,374 
Sand and permanent mold: 

95/5 AI Si, 356, etc. (0.6% Cu, maximum) - - - ----- ---- 33,298 33,259 30,188 30,487 

No. 12 and variations W W W W 

No. 319 and variations... LLL cL ~~ ___ 44,296 44,752 53,647 53,184 

F-132 s and variationWgQz n 9,492 9,732 13,535 13,296 

Al-Mg alloys - - - - - - - - ------------------— 553 618 548 632 

Al-Zn door UN o ep ͤ . SEV 4,865 4,148 4,095 4,309 

Al Si alloys (0.6% to 2.0% Cu) 5,451 5,489 4,293 4,337 

Al Cu alloys (1.5% Si, maximum) 2,936 3,124 2,573 2,512 

Al-Si-Cu-Ni alloys- - - 22.222 LLL 4,718 4,835 2,406 2,250 

e ß ̃ ß gar a a ie 2,211 2,260 481 495 
Wrought alloys: Extrusion billets 107, 949 110,757 107,292 105,684 
Destructive and other uses: Steel deoxidation: 

Grades 1, 2, 3, and - - „„ 25, 825 25,287 23,778 23,084 
Miscellaneous: | 

Pure(905095 ß RS LE Len iE IE 405 437 168 169 

Aluminum-base hardeneerrrrs ccc 1,586 1,483 1,557 1,566 

Other" ia a ac esca ⁵ ⁵ en da 14,489 14,639 6,799 6,188 

Total... c4 cen ³ z 707,696 715,401 648,722 645,716 

Less consumption of materials other than scrap: 

i)] a I a 40,528 Set 41,443 ae 
paar Nö. hd E E 8 38,023 d 35,093 em 
Ä CE oP rac ey 3,090 "e" 2,316 ite 

Net metallic recovery from aluminum scrap and sweated pig 
consumed in production of secondary aluminum ingot _ _ _ _ 626,055 XX 569,870 XX 
W Withheld to avoid disclosing company proprietary data; included with Sand and permanent mold: Other" XX 


Not applicable. 
! Includes inventory adjustment. 
Includes other die-cast alloys and other miscellaneous. 
*No allowance made for melt-loss of primary aluminum and alloying ingredients. 
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Table 5.—U.S. apparent aluminum supply and consumption 


(Thousand metric tons) 

1980 1981 1982 1983 1984 

Primary production _______________________-_________ 4,654 4,489 3,274 3,353 4,099 

Change in stocks:! Aluminum industry ____________ „ 4-23 -694. 4184 "+547 -388 

ImDOHMS.— o oo e eed E es ctr LUE 647 848 878 1,091 1,477 
Secondary recovery:? 

, x ee a ot ee el iE 960 1,031 884 953 935 

%% onu eS EL. 617 758 782 820 825 

Total sūpply oan conuentu I ee LL: 6,901 6,432 6,002 "6,764 6,948 

Less total exports... - - - - --------------------—--—-——-— 1,346 787 748 776 734 

Apparent aluminum supply available for domestic manufacturing 5,555 5,645 5,254 5,988 6,214 

Apparent consumption n 4,595 4614 4,870 75,035 5,279 


Positive figure indicates a decrease in stocks; negative figure indicates an increase in stocks. 
Metallic recovery from purchased, tolled, or imported new and old aluminum scrap expanded for full industry 


rage. 
Apparent aluminum supply available for domestic manufacturing less recovery from purchased new scrap (a measure 
of consumption in manufactured end products). 


Table 6.—Distribution of end-use shipments of aluminum products in the United States, 


by industry 
1982 | 1983 1984P 
antity Percent ntity Percent antity Percent 
Industry (thousand of (thousand of (thousand of 

metric grand metric grand metric grand 

tons) total tons) total tons) total 
Containers and packaging 1,618 28.5 1.777 27.8 1.832 26.1 
Transportation 840 14.8 1,061 16.6 1,333 19.0 
Building and construction... . 1,052 : 18.5 1,302 20.3 1,296 18.5 
Electrical — ũ᷑ͥDM ey 525 9.2 589 9.2 677 9.7 
Consumer durables 373 6.6 478 7.5 502 7.2 
Machinery and equipment 320 5.6 353 5.5 375 5.3 
Other markets __ _______________ 243 4.3 267 4.2 287 4.1 
Statistical adjustment +119 2.1 +6 1 +217 3.1 
Total to domestic users 5,090 89.6 5,833 91.2 6,519 93.0 
Exporte 10.4 563 8.8 7.0 
Grand totalllnss 5,677 100.0 6,396 100.0 7,007 100.0 

PPreliminary. 


Source: The Aluminum Association Inc. 


Table 7.—U.S. net shipments! of aluminum wrought and cast products, by producers 


(Metric tons) 
1982 1983 1984P 
Wrought products: 
Sheet, plate. foil ——————— ———— ⁵ðV K a G 2,748,896 3,252,877 3,283,558 
Extruded rod, bar, pipe, tube, shapes; drawn and welded tubing 870,858 1,052,996 —— 1,185,179 
Rolled and continuous-cast rod and bar; wire 391,199 424,582 456,174 
Forgings (including impact ))) 47,269 52,711 66,517 
Powder, flake, paste - - - - - - -- - -------~------------------ 36,215 35,717 44,074 
J7Gͥͥͥͥ Yo es nT è K ĩè . 14,094, 497 4,818,888 5,035,502 
Castings: | 
SaM ci aciei LU e n A AE oe ATE E 80,929 89,823 118,189 
Permanent mold - - -- -------------------------——-—-—_- 108,487 113,460 149,442 
7777 Vb ⁵ ⁰ͥ⁰ x x 8 . 480,022 510,884 529,798 
G S s EE edel tee amet A iM SLE eS 58,123 52,256 32,857 
Total i chus 1. . Aout ee d LAU Ec 728,161 826, 423 830,286 
Grand total „ 14.822.658 5,645,306 5,865,788 


PPreliminary. ‘Revised. 
Net shipments derived by subtracting the sum of producers’ domestic receipts of each mill shape from the domestic 
industry's gross shipments of that shape. 


Source: U.S. Department of Commerce. 
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Table 8.—Distribution of wrought products in the United States 


(Percent) 


Sheet, plate, foil: 


Nonheat-treatable________________________ 
Heat-treatable_________________________ 
Foil. as ß cu Se eee 


Rolled and continuous-cast rod and bar; wire: 


Rod, bar, wine 
Cable and insulated wire 


Extruded products: 


Rod and bar —— e Ret eet 
Pipe and tubing __________________----_-~- 


Powder, flake, paste 
Forgings (including impacts) ᷣꝝ˖ 


"Revised. 
Source: U.S. Department of Commerce. 


PPreliminary. 
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STOCKS 


Inventories of aluminum ingot, mill prod- 
ucts, and scrap at reduction and other 
processing plants as reported by the Bureau 
of Industrial Economics, U.S. Department 


of Commerce, increased from about 2.27 
million tons at the end of 1983 to 2.65 mil- 
lion tons at the end of 1984. 


PRICES 


The producer list price for 99.5%-pure 
aluminum ingots was 81 cents per pound 
throughout the year. During the year, most 
domestic producers instituted a transaction 
price more comparable with the market or 
spot price. The average annual market 
price for aluminum ingot, usually 99.7% 
pure, as published by Metals Week (Mc- 
Graw Hill), was 61.1 cents per pound. Prices 
for 99.7%-pure aluminum ingot were gener- 
ally 0.5 cent per pound above that for 99.5% 
ingot. At the beginning of the year, the 
average weekly spot price was 76 cents, and 
in the latter half of January, the price 
reached 77.4 cents, the highest level of the 
year. By monthend, it began a decline to a 
low of 47 cents by mid-October. The price 
revived in mid-November to 57.5 cents, then 
declined again to close the year at a weekly 


average of 50.2 cents per pound. The New 
York Commodity Exchange (COMEX) and 
London Metal Exchange (LME) prices fol- 
lowed the same general trend as the spot 
price. COMEX prices were 3 to 4 cents lower 
than spot prices for metal with a short 
delivery date and 2 to 3 cents higher for 
metal with longer delivery dates. The LME 
cash price began the year about 5 cents 
lower than the U.S. market price, but by 
yearend, the price closed to less than 3 cents 
lower than the spot price. In November, 
Metals Week began publishing an average 
weekly transaction price. Published U.S. 
transaction prices were about 0.5 cent below 
the market price. The following table sum- 
marizes aluminum prices at selected dates 
during the year, in cents per pound: 


Price Jan. 16 Apr. 16 July 9 Oct. 15 Nov. 19 Dec. 31 
COMEX ˙·àAͥ A "T 64.71 55.20 44.38 54.40 41.21 
COMEX 2!____ 22222222 77.45 65.48 56.35 45.22 55.11 47.92 
COMEX 3!?________________ 81.34 70.31 62.08 49.97 59.25 51.82 
LME (cas) 71.22 62.12 54.16 44.60 54.12 47.64 
U.S. market 76.00-77.25 67.75-68.75 57.75-58.75 47.50-48.50 57.00-58.00 49.75-50.75 
U.S. transaction m Lic. iat. "T 51.23 49.72 


!COMEX delivery positions: 1—within 1 month; 2— within 3 months; and 3— within 12 months. 
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During 1984, two changes in world pric- 
ing policies were implemented by major 
foreign producers. Pechiney of France be- 
gan the Pechiney Independent Price (PIP) 
index. The index is calculated quarterly and 
based on Pechiney's sales of 99.5% ingot to 
independent customers during the quarter. 
The index is the ratio of the quarter's 
average price per ton to the 1975 selling 
price, the base year with an index of 100.5 In 
October, the published Alcan World Price 
was withdrawn by Alcan Aluminium. This 
price had provided the benchmark for 
worldwide aluminum export sales for many 
years. 


99 


Secondary alloyed ingot prices, as quoted 
in the American Metal Market, followed a 
pricing trend similar to that of primary 
aluminum. Secondary alloy 380 began the 
year at a price of 79 to 81 cents per pound, 
declining steadily after a March high of 81 
to 82 cents to a low of 62 to 63 cents in 
October. The yearend price for alloy 380 
was 65 to 67 cents. Alloys 360 and 413 began 
the year at 82 to 84 cents and finished the 
year at 68 to 70 cents. Old sheet and cast 
aluminum scrap ranged from a high of 
about 51.5 cents per pound in March to a 
low of 30.5 cents per pound in mid-October. 


FOREIGN TRADE 


Exports of crude aluminum from the 
United States fell sharply from the 1983 
level, largely reflecting reduced shipments 
. of ingot to China and Japan. Exports of 
aluminum in most other forms, including 
scrap, increased. Imports of aluminum in 
all forms increased and totaled more than 
twice the quantity exported. Increases in 
receipts of crude metal from Bahrain, Bra- 
zil, Canada, the United Arab Emirates, and 
other countries far more than offset a loss of 
all receipts from Ghana, where a smelter 
owned by U.S. companies was shut down 
throughout the year. Venezuela, Japan, and 
Canada, in descending order, provided 
much of the increase in imports of semifab- 


ricated products, and Canada provided most 
of the scrap. 

U.S. tariff rates in effect during 1984 for 
aluminum products from countries with 


most-favored-nation status were as follows: 


Table 9.—U.S. exports of aluminum, by class 


Crude and semicrude: 


Metals and alloys, cru lee 


Powders and flakes ___ __ _ - EA ee 8 


Item TSUS No. Import duty 
Unwrought metal (in coils) 618.01 2.8% ad 
valorem. 
Unwrought (other than Si- 618.02 0.3 cent 
Al alloys). per 
pound. 
Wrought (bars, plates, 618.25. 3% ad 
sheets, strip). valorem. 
aste and crap 618.10 ad 
valorem. 
1983 1984 
Quantity val | Quantity Val 
(metric ue (metric bi 
tons) (thousands) tons) (thousands) 
zn 360,704 $534,048 259,598 $396,798 
a 231,821 249,156 258,404 215,686 
"e 162,294 388,679 198,399 496,841 
a 9,518 55,846 11,590 69,845 
EAT 5,974 32,578 5,822 34,259 
s 775,717 1,259,807 733, 813 1,213,429 
T 17,523 31,742 21,369 33,320 
E: 1,937 7,058 3,219 11,951 
=e 18,766 45,999 4,824 14,535 
i 38,226 84,799 29,412 59,806 
E 813,943 1,844,606 163,225 1,333,235 
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Table 11.—U.S. imports for consumption of aluminum, by class 


1983 1984 
Class Quantity Value Quantity Value 
(metric (metric 
tons) (thousands) tons) (thousands) 
Crude and semicrude: 

Metals and alloys, crude — - - - -- - ------------———- 742,691 $1,021,273 881,956 $1,292,724 

Circles and disks 8,6 18,154 13,21 31,6 
Plates, sheets, etc., n.e.c _______________________ 236,053 487,003 393,738 893,013 
Rods and bars _____________________________ 13,844 26,467 46,531 90,337 
Pipes, tubes, et 1,438 5, 695 4,074 12,609 
898d ĩ˙² cn eo cR M AL 88,472 87,468 137,675 145,748 
OM he ate ia ee ⅛ o- 1,091,175 1,646,060 1,477,193 2,466,103 
Manufactures: Te 
Foll. 6o pe eS RE a 8 13,262 47,078 24,496 90,629 
Leif 6 5 5 nhu a . a LAE (1) 99 (*) 108 
Flakes and powder 3,762 6,406 4,673 8,601 
//» ee ee 888 1,523 3,549 3,017 6,633 
TO uU ocean mec ULM M 8 18,547 51,132 32,186 105,971 
Grand total- ] wa! E ERE — 1109,22 1,103192 1,509,379 2.572.074 


11983—aluminum leaf not over 30.25 square inches in area, 803,734 leaves, and aluminum leaf over 30.25 square inches 
in area, 88,227,795 square inches; and 1984—aluminum leaf not over 30.25 square inches in area, 1,375,995 leaves, and 
aluminum leaf over 30.25 square inches in area, 85,741,332 square inches. 
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WORLD REVIEW 


World production of primary aluminum 
increased 11% in 1984 to 15.5 million tons. 
World aluminum consumption did not keep 
pace with production, and stocks of primary 
aluminum held by members of the Interna- 
tional Primary Aluminum Institute, which 
represented the bulk of inventories held 
outside of the centrally planned economy 
countries, increased by about 570,000 tons 
to 2.6 million tons at yearend. 

World primary aluminum production ca- 
pacity increased 3% during 1984. Signifi- 
cant plant expansions were completed in 
Australia and Indonesia. A new primary 
aluminum smelter began production in Bra- 
zil. 

Australia.—Alcan Australia Ltd. postpon- 
ed the startup of the third potline at its 
Kurri Kurri, New South Wales, primary 
smelter reportedly because of poor market 
conditions. The 50,000-ton-per-year potline 
had been scheduled to come on-stream be- 
fore yearend 1984. The total capacity of the 
two operating potlines at Kurri Kurri was 
90,000 tons. 

Tomago Aluminium Co. Pty. Ltd. started 
operation of its second 115,000-ton-per-year 
potline at its Tomago, New South Wales, 
primary smelter. Partners in the smelter 
included Pechiney Australia Pty. Ltd., 35%; 
Gove Alumina Ltd., 35%; Australian Mutu- 
al Provident Society, 15%; VAW Australia 
Pty. Ltd., 12%; and Hunter Douglas Ltd., 
3%. 

Alcoa of Australia Ltd. and the Victoria 
State government announced the resump- 
tion of work on the $1.5 billion aluminum 
smelter at Portland, Victoria. Alcoa de- 
ferred completion of the 300,000-ton-per- 
year smelter in 1982 because of depressed 
world aluminum prices. The first 150,000- 
ton-per-year potline was scheduled to come 
on-stream in 1986. Alcoa of Australia re- 
portedly held a 4592 interest in the project 
and the Victoria State government held a 
20% share. Additional partners were being 
sought for the remaining 30% interest. 

Boyne Smelters Ltd. started production at 
its second 103,000-ton-per-year potline at its 
Gladstone, Queensland, primary smelter in 
1984. : 

Bahrain.—A modernization program was 
underway at Aluminium Bahrain's (ALBA) 
primary smelter at Knuff. The moderni- 
zation plan would increase capacity from 
170,000 to 200,000 tons per year over a 


6-year period, but reportedly that level may 
be reached by yearend 1986. ALBA’s share- 
holders include the Bahrain Government, 
58%; the Saudi Arabian Government, 20%; 
Kaiser Aluminum Bahrain, 17%; and Bret- 
on Investments, 5%. 

Brazil.—The Aluminio do Maranhão S.A. 
alumina-aluminum complex jointly owned 
by Alcoa Aluminio do Brasil S.A. (60%) and 
Shell do Brasil S.A. (40%), a subsidiary of 
Billiton Metais S.A., started production at 
its 500,000-ton-per-year alumina plant and 
its 100,000-ton-per-year aluminum smelter 
at Sao Luis, Maranhão. Plans were an- 
nounced to increase the first potline’s ca- 
pacity to 110,000 tons per year and to add a 
new 135,000-ton-per-year potline to the 
smelter by late 1986. Billiton’s share in the 
smelter would decrease from its current 
40% holding to 28% by 1986, but it would 
keep its 40% holding in the alumina refin- 
ery. 

Canada.—Alcan Aluminium announced 
plans to build a 248,000-ton-per-year smelt- 
er at Laterriere, Quebec, as part of a long- 
term program to rebuild obsolete capacity 
in Quebec. The $1 billion smelter would be 
built in three phases, each consisting of 
82,700 tons of capacity. Startup was sched- 
uled for mid-1988. 

Alumax announced it would exercise its 
option to acquire a 25% stake in the joint 
Pechiney (50%) and Société Générale de 
Financement (25%) $1.2 billion smelter 
project at Bécancour, Quebec. The first 
115,000-ton-per-year potline was scheduled 
to come on-stream at the end of 1986 with 
the second coming on-stream by mid-1987. A 
third line could be added later. 

In September 1984, following 9 months of 
negotiations, Alcan signed a 3-year agree- 
ment covering approximately 7,000 smelter 
employees in Quebec. The agreement pro- 
vided for wage increases in most cases of 
12.5% over the 3-year life of the contract. 

Colombia.—The Governments of Jamaica 
and Colombia signed a preliminary agree- 
ment for the construction of a joint-venture 
primary aluminum smelter with a capacity 
of 140,000 tons per year. The smelter would 
be built in Colombia at an estimated cost of 
$500 million and was scheduled to come on- 
stream in 1990. 

Germany, Federal Republic of.—Ver- 
einigte Aluminium Werke AG permanently 
closed 15,000 tons per year of capacity at its 
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35,000-ton-per-year smelter at Lippenwerke, 


Luenan, reportedly because of high power 
costs. 

Ghana.—After many months of negotia- 
tions, the Volta Aluminium Co. (VALCO) 
and the Government of Ghana reached 
agreement on power rates to be charged to 
VALCO's smelter at Tema. VALCO is own- 
ed 90% by Kaiser and 10% by Reynolds. 
Under the agreement, the base power rate 
reportedly would be raised 5 mills/kWeh to 
about 17 mills/kWeh. The rate would vary 
according to a formula related to the aver- 
age LME price for the previous 6 months 
and adjusted to take account of the quantity 
of power consumed by VALCO. There would 
be a floor price of 10 mills/kWeh. The 
VALCO plant has five potlines; however, 
the agreement entitled the plant to enough 
power to operate only four lines but provid- 
ed that any excess power in Ghana would be 
offered to VALCO first. Because of a power 
shortage owing to a prolonged drought, the 
200,000-ton-per-year smelter has been shut 
down since June 1983 and remained closed 
throughout 1984. 

Iceland.—The Government of Iceland 
and Alusuisse reached agreement on power 
costs for the Icelandic Aluminium Co. Ltd.'s 
(ISAL) 86,000-ton-per-year primary smelter 
at Straumsvik, Hafnarfjordur. Electricity 
prices would be indexed to a weighted 
average of aluminum prices, with a floor 
price of 12.5 mills/ kW *h and a ceiling price 
of 18 mills/kWeh. The formula was to be 
maintained for 20 years, after which it 
could be negotiated for another 10 years. 
Also included in the agreement was an 
option for Alusuisse to increase capacity by 
40,000 tons per year and to seek a foreign 
partner for ISAL. 

India.— The fourth potline at Bharat Alu- 
minium Co.’s primary smelter at Korba, 
Madhya Pradesh, came on-stream with a 
capacity of 25,000 tons per year. The potline 
was completed in 1979, but its startup was 
postponed because of power shortages. 

Indonesia.—P.T. Indonesia Asahan Alu- 
minum completed the last phase of con- 
struction at its primary smelter at Kuala 
Tanjung, North Sumatra, bringing the 
smelter’s capacity to 225,000 tons per year. 
Nippon Asahan Aluminum Co., a Japanese 
consortium of 12 companies including Ja- 
pan’s 5 primary aluminum producers, owns 
75% of Indonesia Asahan. The smelter is 
the largest in Asia and the largest source of 
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aluminum supply to Japan. 

Italy.—The Italian state-owned alumi- 
num company, Ente Participazione Finan- 
ziamento Industria Manifattura, announc- 
ed plans to close its 35,000-ton-per-year 
primary smelter at Bolzano by 1985. 

Japan.—The Ministry of International 
Trade and Industry announced plans to 
restructure Japan’s aluminum smelting 
and semifabricating industry. Under the 
plan, installed capacity, now at 712,000 tons: 
per year, would be cut to 350,000 tons by the 
end of March 1988. Production in 1984 was 
287,000 tons. The planned cut would include 
abolishment of Nippon Light Metal Co. 
Ltd.’s 72, 000-ton-per-y:ear Tomakomai 
smelter, Sumitomo Aluminium Smelting 
Co. Ltd.'s 99, 000-ton- per- year Toyo smelter, 
Mitsui Aluminium Co. Ltd.'s 99, 000-ton- per- 
year Sakata plant, Showa Light Metal Co. 
Ltd. s 17, 000-ton-per- year smelter at Kitaka- 
ta, and other cuts to be determined at the 
end of March 1988. 

Mexico. —Aluminio S.A. de C. V. announc- 
ed plans to add a third potline to its Vera 
Cruz smelter, raising capacity to 66,000 tons 
per year by 1986. Alcoa has a 44% interest 
in the 45,000-ton-per-year smelter. 

Norway.—Alusuisse and Norsk Hydro 
A/S announced plans to increase the capac- 
ity to 100,000 tons per year from 66,000 tons 
at its primary smelter at Husnes. Norsk 
Hydro would also increase its interest in the 
smelter from 25% to 50%. The expansion 
reportedly would depend on strengthening 
demand in the worldwide aluminum mar- 
ket. 

Sweden.—Granges Aluminium AB an- 
nounced plans to rebuild its oldest potline 
at its 82,000-ton-per-year primary smelter 
at Sundsvall, with a net increase in capacity 
of 9,000 tons per year. The 13,000-ton-per- 
year potline would be closed at the end of 
1985 while the modernization was under- 
way, with the rebuilt 20,000-ton-per-year 
potline scheduled to come on-stream in 
1987. 

U.S.S.R.—A 500,000-ton-per-year primary 
smelter reportedly was under construction 
at Sayansk, Siberia. 

Venezuela.—Aluminio del Caroní S.A. 
announced plans to add a new 84,000-ton- 
per-year potline at its primary smelter at 
Ciudad Guayana, which would increase the 
smelter's capacity to 204,000 tons per year. 
Completion was scheduled for 1987. 


ALUMINUM 


Table 13.—Aluminum: World production, by country 
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Revised. 


1980 


1981 


715,083 


1982 


13,455 


1983P 


13,945 


105 


1984* 


„Output of primary unalloyed ingot unless otherwise specified. Table includes data available through May 28, 1985. 


"Reported figure. 


Includes high-purity aluminum containing 99.95% or more as follows, in metric tons: 1980—4,256; 1981—6,222; 1982— 
4,345; 1983—2,679; and 1984 —4, 358. 

‘Includes secondary unalloyed ingot. 

Includes primary alloyed ingot. 


Data represent exports. 


Data may not add to totals shown because of independent rounding. 
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Table 14.—Aluminum: World capacity, by continent and country! 


(Thousand metric tons) 
Continent and country 1982 1983 1984 
North America: 
n , ep uen mtu di icf 1,234 1,234 1,234 
T  .— e ot o eL d ⅛ dt EA 45 45 45 
United Stillen d ß ai oe 4,988 74,996 4,893 
South America: 
ATZOHUTB a pd sr a trees LeiuE 140 140 140 
) ³owm ⁰fymx ride e ede e e 404 419 519 
é ˙ ² d m yd . der c nud ee ELE 60 60 60 
m. a mnmds vd (yt 8 1400 1400 400 
Europe: l 
JJ) h a ee EL EE 92 92 92 
Ghee ommum tuse mee 60 60 
j uo il sl ccc ti ⁰ eo Eu ie Ecc s e 394 378 333 
German Democratic Republic... 222222222 22222 cL Lc 85 85 85 
Germany, Federal Republicof. - - - - -- ----- ---------------—- 1756 1772 777 
e dt pande Qa CE d Ln Ma E 176 176 176 
II omo scu eu Eu ³ ⁵ĩð—-ͥu:; 8 
Iceland. JJ ↄ 8 86 86 86 
fly a c toco rU LV ua EUM TEASE 216 216 216 
Netherlands ²³˙˙56ö.: a Ge ee k Ses ee ee 266 266 266 
OTrWHy nh Vd. 799 1794 794 
F ˙ydͥ ³ ³ added d AE Le ais 55 55 110 
Romania ⁵³ꝛA³m. o¹ ß d yd y RE LI Le 250 250 250 
))) oC ³¹¹⁰⁰ 0m ð y 88 398 1389 389 
S x D te ud eI tae eh p Erie dU let ng M eL ee 82 82 82 
Sn ½ f ĩðâ eL eik- 86 86 86 
V0 thſhh ³¹. . mmt yd 8 2,310 2,320 2,490 
United Kingdom... M xx! pp ee cti 287 287 287 
r k . A Ee LL LE es 317 357 357 
Africa: 
ff IMS 133 166 166 
Chang Jõͤ ga ( 8 200 200 200 
‘oe Africa, Republic of— — — - - - m — nk— ~~ ~~~ LL 132 172 172 
ia: 
UͤßX 9 TP:. QA eee tau iE iE. 170 170 170 
China oru ee yy Ve iude 382 382 382 
I EO Se er REN pa uU Due cut M 88 1358 1363 363 
/ ⁰˙¹ W.. ee 75 150 225 
jd» REC HM MADRE HART PST VERON CORP 8 50 50 
SDAÉR uu PEE E Lac e c c mci cu E i 112 712 712 
EPE! !lnnl„ rie ctu A Loir eL Les 20 20 
Korea; Republic of - - - - - 3s ee 18 18 18 
Tavai e .. TT 50 50 50 
UE (o MESURE NC 1 ᷑⁊ rr. 60 60 60 
United Arab Emirates: Dübll-- . . ete a 149 149 149 
nia: 
T ã rk AAV 1479 T594 812 
New Zealand -— - - --- -=--> 244 244 244 
jl ir E 717,403 717,730 18,205 


TRevised. 

!Detailed information on the individual aluminum reduction plants is available in a 2-part report that can be 
purchased from Chief, Division of Finance, Bureau of Mines, Bldg. 20, Federal Center, Denver, CO 80225. Part 1 of 
"Primary Aluminum Plants, Worldwide" details location, ownership, and production capacity for 1983-90 and sources of 


energy and aluminum raw mate 


for foreign and domestic primary aluminum plants, including those in centrally 


planned economy countries. Part 2 summarizes production capacities for 1983-90 by smelter and country. 


TECHNOLOGY 


An investigation to develop a process to 
electrolytically remove magnesium from 
aluminum scrap showed that aluminum 
can be recovered with a magnesium content 
as low as 0.005 weight percent, with current 
densities of 1.66 amperes per square centi- 
meter. The magnesium is removed in a 
three-part concentration cell consisting of a 
bottom layer of molten aluminum-magne- 
sium alloy, a layer of molten alkaline 


metal chloride electrolyte, and a top layer 
of molten magnesium. The recovered alumi- 
num can be used to produce aluminum 
casting alloys, and the magnesium is suit- 
able for desulfurizing iron and steel melts 
or alloying aluminum. The process reduces 
the environmental problems caused by the 
current chlorination process for removal of 
magnesium.* 

Developments of and research on new 
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aluminum alloys have accelerated during 
the past several years to meet the demands 
of advanced technology in the aerospace 
industry and other fields and to compete 
with other lightweight materials such as 
titanium and composites. Several articles 
on aluminum-lithium alloy development 
and production were published in 1984. An 
aluminum-base alloy containing up to 3% 
lithium can increase tensile strength yet 
reduce weight by up to 15%, compared with 
aluminum-copper and aluminum-zinc al- 
loys. Commercial production of this type 
of alloy in 1985 was expected by both do- 
mestic and foreign aluminum companies. 
An investigation to optimize alloy chemis- 
try to produce an aluminum alloy with good 
resistance, good formability, and high 
strength for use in automobile structural 
and body components indicated that in- 
creased copper content and lower silicon 
and magnesium contents were desirable.* 
The effect of a paint-bake cycle on the age- 
hardening of these alloys was also evaluat- 
ed to determine optimum composition. 

Developments in powder metallurgy (PM) 
alloys using rapid solidification processes 
produced aluminum materials with higher 
strengths and fatigue- crack resistance 
compared with that of cast ingot alloys.’ 
Studies on development of alloys with high- 
strength, high-temperature applications us- 
ing PM processes were in progress. ^ A 
forging with a minimum tensile strength of 
108,000 pounds per square inch at tempera- 
tures of up to 290* C was the objective. 

A new aluminum alloy that has most of 
the characteristics of metals such as 
strength, machinability, and electrical con- 
ductivity, but dissolves in water, was de- 
veloped.' The aluminum-base alloy was 
reported to contain tin and other metals 
that activate the alloy and release hydrogen 
when immersed in water. The activated 
material has been tested as a source of fuel, 
and motor vehicles running on hydrogen 
were demonstrated. 

Aluminum silicon carbide composites 
were being developed for use in aerospace, 
ship, and missile applications.!? Silicon car- 
bide whiskers and particulates, combined 
with aluminum, produced alloys with high 
strength that can be extruded, rolled, and 
forged. 

Thirty papers on new developments, 
measurement control, and other investiga- 
tions on aluminum reduction technology 
were published. Several papers addressed 
improved cathode designs. One study 


recommended a new method of relining 
cells that eliminates costly prerodding of 
cathode blocks.'* The study also suggested 
that the use of a cathode collector bar made 
of two relatively tall and narrow sections 
would reduce the cathode voltage drop in 
the bar-cathode block area, compared with 
conventional 5- to 6-inch square bars with 
similar cross-sectional areas but less contact 
surface area. 

A study of anode design factors on pre- 
baked anodes indicated that thermal 
stresses affecting the carbon anodes, the 
steel stubs, and the cast iron sealant are 
critical. Using these criteria, the optimum 
stub hole diameters that provide minimum 
contact resistance and low mechanical 
stress on the carbon block can be estimat- 
ed. is Investigation of the properties and 
behavior of green anodes indicated that 
better information obtained in preparing 
the anodes can be useful in the production 
of baked anode blocks with less deficien- 
cies.!6 

Improvements in control of the bath ratio 
of sodium fluoride to aluminum fluoride 
lowered the ratio from 1.34 to 1.24.17 Ratio 
conformance rose during a 5-year period 
with a corresponding increase of current 
efficiency from 85.3% to 89.6%. Ratio con- 
trol was improved by increasing bath sam- 
pling, changing the method and handling of 
samples, and improving operation and con- 
trol of the day-to-day pot operations. A new 
wet method for determination of bath ratio 
was described.!* 

A low-cost titanium boride (TiB;) material 
that has good thermal shock and impact 
resistance, good adhesion to the carbon 
cathode blocks, and ease of fabrication was 
developed. The coating material consists 
principally of TiB material, phenolic resin, 
a resin precursor, carbonaceous filler and 
additives, and a curing agent. The mixture 
is applied to carbon blocks and cured at 
100° C. The coating was evaluated with 
several types of carbon in laboratory and 
commercial cells. 

Several investigations are in progress on 
using a direct carbothermic process to proc- 
ess aluminum-bearing minerals. Satisfacto- 
ry results of a pilot plant study using 
leucitic minerals were reported.” The prod- 
uct was an aluminum-silicon alloy that 
required further refining. 

A review of developments in the electroly- 
sis of molten salts describes additional alu- 
minum electrolysis studies.?! 
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! All quantities in this chapter are given in metric tons 
unless otherwise indicated. 

Physical scientist, Division of Nonferrous Metals. 

3Mineral data assistant, Division of Nonferrous Metals. 

*National Association of Recycling Industries Inc. Annu- 
al Aluminum Can Recycling Survey, 1984. 

5Metal Bulletin Monthly (London). The PIP Explained. 
No. 162, June 1984, pp. 101-107. 
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Antimony 


By Patricia A. Plunkert? 


Production of primary antimony products 
increased significantly compared with that 
of 1983 despite the closure during 1984 of 
the only antimony ore producer. Increased 
demand resulted mainly from the improved 
market for antimony trioxide in flame- 
retardant applications. In December, the 
General Services Administration (GSA) re- 
sumed its sale of antimony metal from the 
National Defense Stockpile. 


Domestic Data Coverage.—Domestic pro- 
duction data for antimony are developed by 
the Bureau of Mines from two voluntary 
surveys of U.S. operations. Typical of these 
surveys is the Primary Antimony” survey. 
Of the 10 operations to which a survey 
request was sent, all responded, represent- 
ing 100% of the smelter: production shown 
in table 1 and the primary antimony pro- 
duction by class shown in table 3. 


Table 1.—Salient antimony statistics 
(Short tons of antimony content unless otherwise specified) 


United States: 
Production: 
Primary: 
Mine (recoverable antimony) 


Secondary 


Exports of antimony oxide 

Imports for consumption 

Reported industrial consumption, primary antimony! 

Stocks: Primary antimony, all classes Dec. 31 

Price: Average, cents per pound? 
World: Mine production 


*Estimated. Preliminary. Revised. 


Smelter?________________________- 
Exports of metal, alloys, waste and sera 


1980 1981 1982 1983 1984 
ee 343 646 503 838 557 
= eee 16,062 17,844 12,282 "14,557 16.979 
LENEE 19,893 19,856 6,596 14, 204 4,806 
— 453 324 830 304 911 
m 162 315 211 365 480 
T 17,996 17,970 13,387 12,885 23,089 
Ee 11,239 11,592 9414 "10,418 12,47 
e 8,411 9,1 5,973 3,935 6,916 
nicus d 150.8 135.5 107.2 91.3 151.2 
— "69,997 63,475 60,933  P55,526 58.857 


Includes primary antimony content of antimonial lead produced at primary lead refineries. 
2New York dealer price for 99.5% to 99.6% metal, c. i. f. U.S. ports. 


Legislation and Government Pro- 
grams.— On March 8, the Environmental 
Protection Agency (EPA) issued final regu- 
lations under the Clean Water Act for 
specified nonferrous metals manufacturing 
operations that limit the discharge of pol- 
lutants into navigable waters and into pub- 
licly owned treatment works. Various daily 
and monthly average maximum effluent 
limits for antimony within the primary 
aluminum smelting and secondary lead sub- 
categories were specified.? 

On June 27, EPA proposed effluent limi- 
tations guidelines and standards under the 
Clean Water Act for particular nonferrous 


metals manufacturing plants not covered 
previously. The primary antimony subcate- 
gory, 1 of 24 subcategories covered by this 
regulation, set proposed limits on effluent 
discharges from both new and existing pri- 
mary antimony plants that used a hydro- 
metallurgical processing method. Daily and 
monthly average maximums on the antimo- 
ny, arsenic, lead, and mercury content of 
effluents emanating from these plants were 
proposed.“ 

Various proposals to extend Public Law 
96-510, the Comprehensive Environmental 
Response, Compensation, and Liability Act 
of 1980 (Superfund), beyond its scheduled 
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termination date of September 30, 1985, 
were pending in both Houses of the U.S. 
Congress throughout much of 1984. In April 
1981, the Superfund taxes on antimony 
were set at $4.45 per short ton of metal and 
$3.75 per ton of trioxide. 

The Department of Defense Authoriza- 
tion Act of 1985, (Public Law 98-525), signed 
by the President on October 19, 1984, au- 
thorized the disposal of 3,200 tons of antimo- 
ny metal from the National Defense Stock- 
pile, effective October 1, 1984. On November 
14, GSA announced that the sale would be 
limited to approximately 1,000 tons of 
Grade-B antimony metal at a maximum 
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rate of 150 tons per month during fiscal 
year 1985. Grade-B metal contained a mini- 
mum of 99.5% antimony and a maximum of 
0.1% arsenic. This metal is to be used only 
for domestic consumption. On December 6, 
1984, GSA issued its initial invitation to 
bid on this material. Sales from this offer- 
ing, the only sale of antimony metal from 
the stockpile during calendar year 1984, 
amounted to 69 tons. 

GSA reported that yearend Government 
Stocks of antimony metal in the National 
Defense Stockpile totaled 38,771 tons of 
stockpile-grade material. The stockpile goal 
remained at 36,000 tons. 


DOMESTIC PRODUCTION 


MINE PRODUCTION 


United States Antimony Corp.’s (USAC) 
mining operation at Thompson Falls, MT, 
was closed during 1984, and domestic mine 
production decreased significantly. Sun- 
shine Mining Co. continued to produce anti- 


mony as a byproduct of the treatment of 
tetrahedrite, a complex  silver-copper- 
antimony sulfide, one of the principal ore 
minerals in the Kellogg, ID, area. 

Antimony was also produced by ASARCO 
Incorporated as a byproduct of the smelting 
of some domestic lead ores. 


Table 2.—Antimony mine production and 
shipments in the United States 


(Short tons of recoverable antimony) 


Year 


SMELTER PRODUCTION 


Primary.—Production of primary antimo- 
ny products increased compared with that 
of 1983 owing to an increase in demand, 
especially in the demand for antimony 
trioxide for flame-retardant applications. 

A total of 10 plants produced primary 
antimony products in 1984: Amspec Chemi- 


Produced Shipped 
"Ee 343 382 
ee 646 990 
uud 903 365 
A" 838 878 
PM 557 711 


cal Corp., Gloucester City, NJ; Anzon Amer- 
ica Inc., Laredo, TX; Asarco, Omaha, NE, 
and El Paso, TX; Chemet Co., Moscow, TN; 
Laurel Industries Inc., La Porte, TX; Mc- 
Gean Chemical Co. Inc, Cleveland, OH; 
M & T Chemicals Inc., Baltimore, MD; 
Sunshine Mining, Kellogg, ID; and USAC, 
Thompson Falls, MT. 


Table 3.—Primary antimony produced in the United States 
(Short tons of antimony content) 


Class of material produced 
Year Byproduct Total 
Metal Oxide Residues antimonial 
lead 
1980 2 22222222L 507 15,461 64 30 16,062 
ISR] rura mutuis mele TEN 790 16,425 83 546 17,844 
jc zz Mer Ne eth si oy a Sia heats Cty Alen 539 11,564 179 W 2,282 
JJJͤö.õĩõĩÜööĩtvB̃ ⁰⁰ x eee A 1,121 13,153 1283 W 114,557 
) ⁰-ꝛ E ⁰⁰mʒ oon dE 1.113 15,719 147 W 16,979 


"Revised. W Withheld to avoid disclosing company proprietary data: not included in “Total.” 
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Table 4.—Byproduct antimonial lead produced at primary lead refineries in the 
United States 

Antimony content 
Gross From From Total 
Year weight domestic foreign From a 

(short ores! Ores scrap Quantity Percent 
tons) (short (short (short (short of gross 
tons) tons) tons) tons) weight 
1980 -22222222222222 ERR 971 18 12 ES 30 3.1 
1.5 BO REQUE QE DRM NU 3.922 361 185 9 555 14.2 
//(öö;V ð 8 W W W W W W 
198833... W W W W W W 
Dco a haat ets ee ae ead ote a ae W W W W W W 


W Withheld to avoid disclosing company proprietary data. 


Includes primary residues and a small quantity of antimony ore. 
2Includes foreign base bullion and small quantities of foreign antimony ore. 


Secondary.—Old scrap, predominantly 
battery plates, was the source of most of the 
secondary output. New scrap, mostly in the 
form of drosses and residues from various 


sources, supplied the remainder. The anti- 
mony content of scrap was usually recover- 
ed and consumed as antimonial lead. 


Table 5.—Secondary antimony produced in the United States, by kind of scrap 
and form of recovery 


(Short tons of antimony content unless otherwise specified) 


1983 1984 
KIND OF SCRAP 
New scrap: Lead- and tin bassgsddd „„ „„! 1,447 1.317 
Old scrap: Lead- and tin-bassssgsss „„ LLL „„ „„ 12,757 18,489 
% ͥͥͤqVUũũ ZP ·³·o¹ wr. ͥ eR nt Stan ed 14,204 14,806 
FORM OF RECOVERY 

mine m Rum nine Etude mu IUE. Ey Ies 12,664 13,177 
In other lead- and tin-base alloys- - - - - - - mn md „„ ÿ„v„„„„„„„„ 1.540 629 
d ĩV•⁵ͤ“t,ͥůlͥůdſ0ſ0 ³ Add //ã cares ee? ĩͤ 8 14.204 14, 806 
Wie ³ ↄ d t cid A toss, $56.8 $59.2 

CONSUMPTION AND USES 


Reported domestic consumption of pri- 
mary antimony increased compared with 
that of 1983 and reached its highest level 
since 1978. Antimony metal alloyed with 
lead was used in starting-lighting-ignition 
(SLI) batteries, industrial chemical pumps 
and pipes, tank linings, roofing sheets, and 
cable sheaths. In these alloys, antimony 
increases strength and inhibits chemical 
corrosion. In 1984, the Battery Council In- 
ternational reported an 8% increase in the 
total shipments of replacement and original 
equipment automotive SLI batteries in the 
United States. 


Antimony compounds were used in plas- 
tics both as stabilizers and as flame retard- 
ants. The use of antimony trioxide as a 
flame retardant increased significantly 
compared with that of 1983 owing primarily 
to increased demand in the transportation 
and construction industries. Antimony 
trioxide in an organic solvent was used to 
make fabrics, plastics, and other combusti- 
bles flame retardant. Antimony was also 
used as a decolorizing and refining agent in 
some types of glass such as special optical 
glass. 
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Table 6.— Reported industrial consumption of primary antimony in the United States 
(Short tons of antimony content) 


Class of material consumed 


Year Byproduct Total 
Metal Oxide Sulfide Residues antimonial 
lead 
IJ eo ES TCR Se oe a EMET 1,648 9,469 28 64 30 11,239 
JJ!!! ĩ⁵ð . ³ð A e Le A 1.546 9,385 32 83 546 11,592 
Jr cito neri Lu Eum S eU 1,282 7,924 29 179 W 9,414 
1988 CETTE 1,245 8,867 23 1283 W 710,418 
jb. DEBET ha te ae ĩð K ae en el 88 1,525 10,747 28 147 W 12,447 


r Revised. W Withheld to avoid disclosing company proprietary data; not included in Total.“ 


Table 7.—Reported industrial consumption of primary antimony in the United States, 
by product 


(Short tons of antimony content) 


Product 1980 ‘1981 1982 1983 1984 
Metal products: 
Ammunitiónz cuoc mud LE md ee ee Er 362 409 294 175 W 
Antimonial lead- — - - - - - - --- -------------------- 748 1,257 793 r926 845 
Bearing metal and bearings- - - - - - - --------------—-—- 223 206 143 143 169 
Cable covering. - ggg 31 24 25 31 W 
Castings MESTRE ON 10 11 9 9 11 
Collapsible tubes and foil _______.._________-.----- 18 9 1 W W 
Sheet and pipe? „„ „ 29 36 26 43 80 
)) ³ðW³—AA. (ü ³ð2ĩ ⁵ĩ UTER 134 105 124 154 228 
PP ³ “ QGnGêGananmgg et A E 21 19 11 10 31 
§ö§;ð ˙⅛ n LR E 74 69 67 71 337 
hh ee ine wl —Q——— 1,650 2,145 1,493 11.562 1.701 
Nonmetal products: 

Ammunition primers sss 20 25 20 16 21 
Ceramics and glass 1.303 782 1,358 1,252 1,292 
Firework — ² ³oð¹w i ne um ⁊ð v ĩ v 8 4 4 6 4 7 
Pigments 3.256. »/%ãſ m; h ce etm ee 499 341 330 198 178 
CCÄ ce a cs as k iem 1.636 1.551 1.050 "993 1,108 
Rubber produ tis 232 221 70 

her e FF 107 111 103 119 160 
%%% ] A. 3,894 3,046 3,088 12,652 2.787 
Flame-retardant: 

Adhesives. 42 on cune oie ⁰⁰⁰⁵ Mee c Liu 461 585 179 184 343 
Papêr ͥͥͥAͥͤ i ⁰⁰k 888 173 131 103 133 159 
FU Eom E ⁵³ÄV2³v iol cL 56 40 25 14 8 
PURO NCO acs ryts x 3,874 4,509 3,312 4,441 5,858 
F ] ud oa Sea Oe el eA ee 189 174 104 220 342 
jio Pn 942 962 1,110 1,212 1,249 
////˙˙%ànàààà TEES 5,695 6,401 4,833 6,204 1,959 
Grand Wiel. , Lure 11,239 11,592 9414 710,418 12,47 


"Revised. W Withheld to avoid disclosing company proprietary; included with Other.“ 


Table 8.—Industry stocks of primary antimony in the United States, December 31 
(Short tons of antimony content) 


Stocks 1980 1981 1982 1983 1984 

Antimonial lead! _______________________________- 4 117 W W W 
/// nul nono owa y 88 680 916 556 805 603 
Ore and concentrate ______________________________ 2,743 2,529 532 446 1,304 
Oxidé v n Lu cun LL ĩͤ e HU re 3,855 4,107 4,711 2,614 4,926 
Residues and slags ___________________-~__________- 1,116 864 150 51 69 
Sunde seen ste a te, det Stns ey ne ee ie de 13 25 24 19 14 
% enr ²³˙¹“ ]7ͤͤ—u. ³ꝛ 5m] ĩð2jñ ⁰⁰ 8 8.411 9,158 5,973 3,935 6,916 


— 2 — . — ——— — , —.——.—.— aS 


W Withheld to avoid disclosing company proprietary data; not included in Total.“ 
!Inventories from primary sources at primary lead refineries only. 
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PRICES 


The New York dealer price for imported 
antimony metal was $1.25 to $1.35 per 
pound at the beginning of the year. The 
price increased throughout the first 10 
months of the year with the exception of 
June and July when a slight decrease in 
price occurred. The high price for the year 
of $1.70 to $1.77 per pound of antimony 
metal was reached in mid-November. The 
price then decreased steadily and by year- 
end was listed at $1.35 to $1.40 per pound. 

Asarco's published price for high-tint an- 
timony trioxide in lots of 40,000 pounds was 
$1.16 per pound at the beginning of the 
year. The price was increased several times 
during the year and reached a high of $1.80 
per pound in August. The price remained at 
this level until the first part of November 
when it was reduced to $1.65 per pound, and 
it remained at this level through the end of 
the year. Other domestic producers adjusted 
their prices during the year to remain 
competitive with Asarco's price and the 
generally lower priced imported material. 

Metal Bulletin (London) published Euro- 


pean price quotations for antimony ore and 
concentrates. The previously .published 
price quotation for antimony sulfide ore 
concentrates, 50% to 55% antimony con- 
tent, was discontinued in 1984. At yearend, 
the remaining quotations were clean sulfide 
concentrates, 60% antimony content, $27.75 
to $29.00 per metric ton unit (equivalent to 
$25.25 to $26.35 per short ton unit), and 
lump sulfide ore, 60% antimony content, 
$28.75 to $31.00 per metric ton unit (equiva- 
lent to $26.15 to $28.20 per short ton unit). 


Table 9.—Antimony price ranges in 1984, 


by type 
Price per 
Type pound 
Domestic metal! ________.___---- $2.00 
Foreign metal? `- -------------- $1.20- 1.77 
Antimony trioxide? .. 1.16- 1.80 
!Based on antimony in alloy. 


2Duty-paid delivery, New York. 
3Producer price, published by ASARCO Incorporated, 
for high-tint antimony trioxide. 


FOREIGN TRADE 


Exports of antimony metal, alloy, waste 
and scrap, and antimony trioxide increased 
significantly. In addition to exports of anti- 
mony trioxide, the United States also ex- 
ported 3,561 tons (gross weight) of other 
antimony compounds with a value of $10 
million. The Federal Republic of Germany 
and Japan were the recipients of more than 
50% of these compounds. 


Total imports of antimony materials in- 
creased approximately 8095 from those of 
1983. China and the Republic of South 
Africa supplied over 6096 of the material 
imported into the United States during 
1984. Imports from China increased approx- 
imately fivefold compared with those of 
1983. 


Table 10.—U.S. exports of antimony, by class and country 


Antimony oxide 


1983 

Country Gross ross 
weight ae weight 

(short (short 

tons) sands) tons) 
Australia 49 $168 80 
ada 82 182 98 
Denmark e ae Ses 
Dominican Republic T as a 

Germany, Federal Re- 

publicof. 93 181 57 
Israel Se 18 
70 68 247 83 
Japan 23 71 69 
Korea, Republic off x NS 3 
Mexico 59 170 28 
Netherlands 18 51 21 


See footnotes at end of table. 


Antimony metal, alloys, waste and scrap 


1984 1983 1984 

Value ros’ Value roes Value 
(thou- Tn (thou- Mu (thou- 
sands) tona) sands) tons) sands) 

$348 1 $3 41 $129 

248 50 79 20 33 

T 25 60 at ae 

s 13 39 9 14 

123 1 2 2 3 

16 3 18 d zs 

316 (7) 6 19 25 

157 "d 21 45 

12 40 28 19 15 

92 11 22 24 67 

62 11 17 60 168 
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Table 10.—U.S. exports of antimony, by class and country —Continued 
Antimony oxide Antimony metal, alloys, waste and scrap 
1983 1984 1983 1984 
Country Gross Gross Gross Gross 
weight Value weight Value weight Value weight Value 
(short (thou- (ahort (thou- (short (thou- (short (thou- 
tons) sands) sands) tens) sands) tona sands) 
Singapore 19 $36 36 $112 is = ae 
Taiwan__________ De eR an ERE - TT 223 $127 
Thailand 2 2 os en 47 $103 E A 
Trinidad dec. a = B 19 38 5 11 
United Kingdom ae TE 53 113 48 492 5 19 
Venezuela (4) 1 16 55 T s 28 150 
Other 30 87 14 40 33 132 36 111 
Total?_________ 440 1,194 578 1,693 304 1,039 511 915 
1Less than 1/2 unit. 
2Data may not add to totals shown because of independent rounding. 
Table 11.—U.S. import duties for antimony 
item TSUS Most favored nation (MFN) Non-MFN 
No. Jan. 1, 1984 Jan. 1, 1987 Jan. 1, 1984 
ORG: oon certet aas cte a 601.03 Free Free Free. 
Needle or liquatee ld 603.10 0.1 cent per pound 0.1 cent per pound 0.25 cent per 
pound. 
Metal, unwrought __________ _ 632.02 .4 cent per pound Free 2 cents per pound. 
Antimony oxide 417.50 cent per pound 203500: iso cs Do. 


Table 12.—U.S. imports for consumption of antimony, by class and country 


See footnotes at end of table. 


1983 1984 
Class and country Gross Value Gross Value 
weight weight 
hort tons) (thousands) (short tone) (thousands) 
Antimony metal: 
Belgium-Luxembourgggggggggg 74 $126 251 $282 
Bl de x i. 194 286 357 552 
Canada c uon ss 8 2 204 5 235 
7E ee a lea cL 8 ae ms 79 198 
11 ͥͥ Üͤſãaet m 639 1.043 2,641 6,208 
Germany, Federal Republic ob (2) 22 64 
JADA ß ecu E (3) 3 à) 12 
ep "e ⅛Ü69u.Ä. ] ³ . ⁵¾ A 8 257 178 467 365 
POP ” ⁵« ]? . ⁊ ⁊ ß E IE 65 74 33 42 
en md e 8 Ld E 17 28 
SSR saa ee Rae SORE TTE 8 20 33 19 84 
United Kingdom -----------------------—-——- 31 18 22 17 
Total e n cde pee e RR 1,282 1,987 3,898 8,037 
Antimony oxide: 

Belgium-Luxembourg ------------------------ 308 608 591 1,513 
BOLIVIE ce ³Ü0¹e ³owm mt 8 2.690 3.683 1.206 1.981 
7 ſ/ AAA UR mL Ee LUE 132 227 T" ne 
J ³˙.³ ea m 8 25 4 101 10 
FF ⁰ ⁵¼ . LM le i 220 275 61 76 
/ÜöÜ1 ß M Ee 1.222 2,107 9,983 13,612 
Franoe M sc ³⁰¹üm rv r a 1.652 3,602 1,721 4,615 
Germany, Federal Republic oll“ W; gh 102 636 1 609 
Hong HONG oe en eons ie ees Ali 20 36 174 384 
DR NN MPH fwmts NEN 88 152 59 117 
J) eee S c du ie eus (3) 9 3 60 
Netherlandddsssddddddd‚‚dd‚d 42 100 20 42 
South Africa, Republic of |... 22... 3,816 991 7,463 2,207 
r fd fp d LE 2E E 20 36 
Jͥõ§ͤ] eh y E " TR 44 66 
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Table 12.—U.S. imports for consumption of antimony, by class and country —Continued 


1983 1984 
Class and country Gross Value Grosse Value 
5 (thousands) Pos m (thousands) 
Antimony oxide —Continued 
United Kingdooůon 287 $888 315 $1,020 
//ö·ö·Ü ³ðW² ... es oe oh cae 10,604 13,318 17,884 26,348 
Antimony sulfide:? 
AUSLTIB o. soc oe ee te ? zum . 2 15 
Belgium-Luxembourg ------------------------ 19 46 11 30 
Canada ße , Mo EA p E EA. 25 3 Em are 
CHING uo Oe oe ees beat — 37 47 
FF œwαnwnwmmk y deae mE 3 5 T MS 
Germany, Federal Republic ohlss „ Soe "s 2 20 
South Africa, Republic of - --------------------- e a 20 45 
United Kingdóm ____________-____-_-__--_---- 1) 4 at te, 
11Ü·Ü% st ²ꝰ 8 47 58 72 157 


Less than 1/2 unit. 
"Includes needle or liquated. 


Table 13.—U.S. imports for consumption of antimony ore and concentrate, by country 


1983 1984 
Count Gross Antimony Gross Antimony 
Ed weight content ie dm weight content (th han de) 
(short tons) (short tons) (short tons) (short tons) 
Bolivia 1.815 1.196 $1,158 1,923 1,253 $2,016 
Canada 2232222 ecae 5 3 4 18 9 11 
iii cS eee zas 33 22 20 319 188 279 
CHING mio eh et an n ue NM 210 158 249 
Honduras... mx - as 192 96 119 
Hong Rong ep ey "M 61 20 56 
VGA 2.678 632 400 3.976 970 1.288 
Perg i-e mE TM EM T" 139 84 160 
South Africa, Republic of- 846 444 146 1,075 596 1,079 
Thailand 923 471 598 1.918 920 1.541 
United Kingdom 5 2 9 is es m 
or! ee 6,305 2,110 2,335 9,891 4,299 6,798 
Table 14.—U.S. imports for consumption of antimony 
Antimony ore and concentrate Antimony sulfide! 
Gross Antimony Gross Antimon 
Year weight content b eas weight content b 0 5 
(short (short ds) (short (short sandal 
tons) tons) saciid tons) tons) 
1982. | ... J cu cL a 5,607 2,769 $4,289 88 59 $188 
IONS c oes a hs ck eec Unt. 6,305 2,770 2,335 47 32 58 
1984- ------------------ — 2 4299 6798 — 2 ST 
Antimony metal? Antimony oxide 
Gross Gross Antimon 
weight baked weight content 1 8 
(short sandai (short (short 18 
tons) tons) tons) Su 
II). ese ute ee IE 1,900 $3,893 10,433 8,659 $18,045 
s eT 1,282 1,987 10,604 8,801 13,318 
jo. EM 3,898 8,037 17,884 14,844 26,348 
*Estimated. 
Includes needle of liquated. 


Does not include alloy containing 83% or more antimony. 
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Bolivia.—Empresa Minera  Unificada previously mined ore, and because of in- 


S.A. announced plans to suspend production 


at its Caracota Mine for at least 3 months 


for reserve development work. The compa- 
ny planned to deepen the main shaft at this 
mine, which had a rated capacity of 5,500 
tons of ore per year. 

Empresa Minera Hermanos Bernal S.A. 
announced that it intended to expand pro- 
duction capacity at its antimony smelter in 
Tupiza. Plans called for the installation of 
four additional rotary furnaces as well as a 
new cupel furnace to fume antimony metal 
to oxide. The new equipment will reportedly 
give the company the capability of produc- 
ing high-grade antimony products rather 
than its traditional crude oxide production. 
After completion of the planned expansion, 
antimony oxide production capacity was 
expected to reach 4,400 tons per year.5 

Canada.—Durham Resources Inc. an- 
nounced that dewatering was completed 
and shaft sinking begun at its Lake George 
antimony mine in New Brunswick. The 
mine, which was closed in May 1981 when 
the main ore zone was depleted, was ex- 
pected to reopen in the third quarter of 
1985. On-site exploration outlined a second 
ore body with reserves estimated at 850,000 
tons grading 4.15% antimony. Durham 
planned to deepen an existing shaft to 
intersect the new ore body. Planned produc- 
tion was expected to be 400 to 425 tons of 
ore per day. 

On April 30, 1984, Equity Silver Mines 
Ltd., in British Columbia, announced that 
its leaching plant, which produced sodium 
antimonate as a byproduct of the processing 
of a complex silver-gold-copper ore, would 
be closed indefinitely in order to reduce 
costs. The closure was reportedly made 
feasible because mining operations had pro- 
gressed to the Main Zone ore body, which 
contains lower levels of impurities than 


creased acceptability of unleached concen- 
trates by smelters.* 

Guatemala.—Minas de Guatemala an- 
nounced plans to restart production by 
early 1985 at its Annabella and Los Lirios 
antimony-tungsten mines and milling oper- 
ation, which have been shut down since 
mid-1981. The mines and mill were expected 
to produce 110 tons per month of antimony 
concentrates containing 55% to 60% anti- 
mony, 20% sulfur, 1.5% arsenic, and 1% 
lead.’ | 

Honduras.—Cía. Minera Norcero an- 
nounced the opening of an open pit antimo- 
ny inine near Santa Rita. Most of the output 
was an antimony oxide ore reportedly con- 
taining 45% to 53% antimony and less than 
0.5% combined lead and arsenic. Some 
lumpy sulfide ore grading 30% antimony 
was also produced. The initial production 
rate was 120 tons of ore per month, while 
the planned capacity of the mine was re- 
ported to be 330 tons per month.* 

Japan.—Antimony trioxide production, 
mainly from imported material, reached 
10,691 tons, an increase of 28% compared 
with 1983 production levels. Antimony met- 
al production decreased from 301 tons in 
1983 to 279 tons in 1984.° 

Nissan Chemical Industries Ltd. an- 
nounced plans to begin production of an 
antimony pentaoxide-based flame retardant 
at its Sodegaura factory. The company 
would reportedly become the first company 
in Japan to commercialize the product.“ 

South Africa, Republic of.—Consolidated 
Murchison Ltd. announced a project to 
deepen the Monarch East shaft at its Grave- 
lotte Mine. The project, which would report- 
edly allow access to additional antimony ore 
reserves, was expected to be completed by 
1988. 
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Table 15.—Antimony: World mine production (content of ore unless otherwise specified), 
by country! 
(Short tons) 
Country 1980 1981 1982 1983P 1984* 

Australia .  ....... 71,520 11.241 1.263 582 550 
/ eui 730 665 735 726 720 
II ³ĩðL ĩð Laeti rm 17.047 16,866 15,408 10,969 10,700 
) ² haere Mal ii niu Mores 297 (3) (3) S 
i . ao ase 485 *110 n c — 
Canada $ |. = et 2,600 71,840 E: 3a 560 
China 22222222222 11,000 11,000 713,200 716,500 16,500 
Czechoslovakia ________________.- 5639 1550 1550 550 550 
Ff!!! TTT nM B 344 340 122 Lo 
Guatemala 613 563 550 (3) ave 
Honduras eni 8 2! 222 (3) (3) 350 
„ ß ay etn S 786 767 374 (3) 440 
Malaysia (Sara wa7ʒ . 144 211 153 148 110 
Mexico)) —â4 2,399 1,984 1,725 2,777 2,200 
MOFOGCCO: ix a Ss K ⁵ E ee 606 556 998 500 550 
Pakistan ux cec sce ees ee a T22 22 14 20 
Peru (recoverable)h)h) ) 379 755 814 786 770 

South Africa, Republic of (content of con- 
centrate ) SERTEN 714,404 710,814 710,070 76,947 9,900 
e n D 689 712 506 539 550 
Thailand: - vua mS 3,214 1,322 134 1,315 1,400 
uk ³ MEA Rees 1,068 924 1,189 926 900 
WSS Rose se a hk m m- ae eee 9,300 9,500 9,900 10,000 10,300 
United States 343 646 503 838 5551 
Yugoslavia |... 2222222 1,852 1,604 1,672 1,047 990 
Zimbabwe ________________-____- 160 227 r €240 240 
. Ene Each eei 769,997 163,475 60,933 55,526 58,857 

Estimated. Preliminary. Revised. 


1Table includes data available through May 21, 1985. 


2Antimony content of antimony ore and concentrates, lead concentrates, and lead and zinc middlings. 


3Revised to zero. 


*Partly estimated on the basis of reported value of total production. 


5Reported figure. 


Antimony content of ores for export plus antimony content of antimonial lead and other smelter products produced. 
"Reported figure from Consolidated Murchison Ltd. 1983 annual report. 
5Production from antimony mines; excludes amount produced as a byproduct of domestic lead ores. 


TECHNOLOGY 


The Bureau of Mines investigated the 
behavior and interaction of antimony, ar- 
senic, bismuth, selenium, and tellurium in a 
copper matte-iron silicate slag system. A 
previous study, conducted by the Bureau," 
focused on the behavior of these five minor 
elements when all were present simulta- 
neously in the matte-slag system, whereas 
the more recent study reported the individ- 
ual behavior of these elements in the same 
matte-slag system. The investigation reveal- 
ed that the distribution coefficient for anti- 
mony (the percent antimony in matte ver- 
sus the percent antimony in slag) varied 
only with the matte grade (percent copper 
in the matte) and was not significantly 
altered by either slag additives or the other 
minor elements studied.'? 

The Argus Chemical Div. of Witco Chemi- 
cal Corp. announced the development of two 
reportedly low-cost antimony stabilizers for 
polyvinylchloride pipe and conduit applica- 


tions in which color is not of prime impor- 
tance. The products, designated Mark 9104 
and Mark 9105 stabilizers, sold for $1.20 and 
$1.00 per pound, respectively, in truckload 
quantities.!? 

An advanced solid-state sensor array 
made of indium antimonide, which report- 
edly provided significantly improved sensi- 
tivity to infrared energy, was unveiled by 
researchers at General Electric Co. A new 
charge-injection-device cell design was said 
to minimize the distance that a charge was 
forced to travel for transfer from the collec- 
tion capacitor to its adjoining injection ca- 
pacitor. This device was developed with 
Naval Research Laboratory funding pri- 
marily for military surveillance applica- 
tions.“ 

A review of various thin-film photo- 


cathodes employing antimony was pub- 
lished.!'5 
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! Physical scientist, Division of Nonferrous Metals. 

?Federal Register. U.S. Environmental Protection Agen- 
cy. Nonferrous Metals Manufacturing Point Source Cate- 
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June 27, 1984, pp. 26352-26483. 
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V. 302, No. 7767, June 29, 1984, p. 441. 

5Metal Bulletin (London) Bernal Expands Antimony 
Smelter. No. 6860, Feb. 7, 1984, p. 13. 
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V. 302, No. 7745, Jan. 27, 1984, p. 62. 
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Nov. 12, 1984, p. 2. 
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*Industrial Minerals (London) Antimony Mine Start 
Up. No. 208, Aug. 1984, pp. 11, 13. 

*Japan Metal Journal. V. 15, No. 10, Mar. 11, 1985, p. 5. 

10Japan Chemical Week. Nissan Chemical To Produce 
New Flame Retardant. V. 25, No. 1241, Jan. 19, 1984, p. 9. 

!1Johnson, E. A., P. E. Sanker, L. L. Oden, and J. B. See. 
Copper Losses and the Distribution of Impurity Elements 
Between Matte and Silica-Saturated Iron Silicate Slags at 
1,250* C. BuMines RI 8655, 1982, 18 pp. 

12Johnson, E. A., L. L. Oden, P. E. Sanker, and R. L. 
Fulton. Minor-Element Interactions in Copper Matte 
Smelting. BuMines RI 8874, 1984, 9 pp. 
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Issue 3, Mar. 1985, p. 38. 

15 ——. Thin-Film Photcconductors. V. 19, Issue 2, Feb. 
1985, pp. 89-93. 


Asbestos 


By R. A. Clifton! 


U.S. apparent consumption of asbestos 
failed to decline in 1984 for the first time 
since 1978. U.S. apparent consumption rose 
4% over that in 1983 but was just 28% 
below the alltime high of 1973. Shipments 
from domestic mines, all chrysotile, decreas- 
ed 18%, and imports for consumption in- 
creased 7%. 


Domestic Data Coverage.—Domestic pro- 
duction data for asbestos are developed by 
the Bureau of Mines by means of a volun- 
tary industry survey. Of the three can- 
vassed operations to which a survey request 
was made, all responded, representing 
100% of the total production data shown in 
table 1. 


Table 1.—Salient asbestos statistics 


United States: 
Production (sales?) metric tons_ _ 
Value ñ thousands 
Exports and reexports (unmanufactured) 
metric tons. — 
// AA thousands 


Exports and reexports of asbestos products Me 
OL Lot 
Imports for consumption (unmanufactured) 


metric tons 
Value ` -—-------------—- thousands. _ 
Consumption metric tons. . 
World: eie. 0 — 
Estimated. Preliminary. Revised. 
Legislation and Government Pro- 


grams.— The Emergency Temporary Stand- 
ard (ETS) for exposure to asbestos published 
by the Occupational Safety and Health 
Administration (OSHA) in November 1983 
was terminated by the Fifth Circuit Court 
of Appeals. On March 7, 1984, the court 
issued a ruling that invalidated the ETS 
because the record did not indicate that the 
risk was as serious as OSHA had defined it. 

By yearend, the Environmental Protec- 
tion Agency (EPA) proposal of July 27, 1983, 
to ban asbestos in some products immedi- 
ately and in all products eventually, had 
not been published. 

By notice in the Federal Register of April 
10, 1984, OSHA published its proposal to 
revise the standard for occupational expo- 
sure to asbestos. In addition, OSHA's 1975 


1980 1981 1982 1983 1984 
80,079 75, 618 63,515 69,906 91,422 
$30,599 $30,685 $24,917 $27,866 $24,238 
48,671 64,419 58,771 54,634 39,919 
$21,067 $21,508 $19,713 $19,683 $18,346 
$141,653 $145,130 $121,867 $129,582 $163,347 
321,296 331,618 241,131 196,387 209,963 
$91,809 $103,893 $64,925 $51,956 $64,749 
358,700 348,800 246,500 217,000 226,000 
74,699,306 — 74,348,387 4, 115,413 4, 275,604 — 94,338,297 


proposal was formally withdrawn and re- 
placed by this action. The regulatory text of 
the proposal (1) specifies two alternative 
permissible exposure limits (PEL), 0.2 fiber 
per cubic centimeter and 0.5 fiber per cubic 
centimeter, (2) requires an employee infor- 
mation and training program, and (3) re- 
quires warning signs to be displayed at each 
location where a revised PEL may be ex- 
ceeded. OSHA plans to adopt a new PEL 
that reflects evidence that will be produced 
in the record concerning health risk and 
technical and economic feasibility and that 
may be higher or lower than the limits 
proposed. Hearings on the proposal were 
held during 1984. 

A trade newsletter stated that recent 
findings of a study of the 44 nonfuel materi- 
als in the National Defense Stockpile indi- 
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cated that 8 need immediate quality assess- 
ment because of their critical role in nation- 
al defense.? One of these is chrysotile asbes- 
tos. 
Environmental Impact.—As part of a 
review requested by OSHA, the U.S. De- 
partment of the Interior strongly suggested 
that the American Society for Testing and 
Materials’ asbestos definition be adopted as 
the federal definition. The compromise def- 
inition, which was expected to be useful to 
both the environmental and minerals com- 
munities, is as follows: 

Asbestos.—A term applied to six natural- 
ly occurring minerals exploited commercial- 
ly for their desirable physical properties, 
which are in part derived from their as- 
bestiform habit. The six minerals are the 
serpentine mineral chrysotile and the am- 
phibole minerals grunerite asbestos (also 
referred to as amosite), riebeckite asbestos 
(also referred to as crocidolite), antho- 
phyllite asbestos, tremolite asbestos, and 
actinolite asbestos. Individual mineral par- 
ticles, however processed and regardless of 
their mineral name, are not demonstrated 
to be asbestos if the length-to-width ratio is 
less than 20 to 1. 

Figures compiled by the Rand Institute 
on 3,400 completed asbestos disease litiga- 
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tion cases showed that the total cost of the 
average case was $95,000, of which only 
$35,000 was paid to the plaintiff. A solution 
being tried was to set up a separate fund to 
settle the asbestos claims outside of the 
courtroom. The fund, called the Asbestos 
Claims Facility, would be run by a newly 
created, nonprofit organization.‘ The de- 
fendants would provide the funding, al- 
though the specific contributions of the 
various industrial companies and insurance 
companies involved had not been decided by 
yearend. 

The necessity of removing asbestos from 
millions of buildings where it had been 
installed, mainly as insulation, was ex- 
amined.5 The study indicated that the Na- 
tional Academy of Sciences under contract 
to EPA concluded that the typical amount 
of asbestos dust in the home, including 
homes containing no asbestos construction 
materials, is about 400 fibers per cubic 
meter. Studies in the United Kingdom had 
shown that, in buildings containing damag- 
ed asbestos-based materials, the density of 


fibers was no higher. The lifetime public 


risk from asbestos-linked cancer was stated 
in the report to be about 9 per million— 
nearly 900 times smaller than the risk of 
death by accidents in the home. 


Table 2.—Stockpile goals and Government inventories for asbestos as of December 31 


(Metric tons) 
eris Total inventories 
ile 

als 1982 1983 1984 
eee, os ee ee oe Se eS 15,422 38,587 38,591 30,855 
Chrysotile onec ha ..... ee 2,722 9,034 9,753 9,754 
wn) ˙ ³ ˙½́u! E e yd yd dy y a8 154 754 

C17õÄ!õÜ§ͤũ a . ³ m ꝛ˙· ³ A af 18,144 48,375 49,098 40,642 
DOMESTIC PRODUCTION 


Mines in the United States shipped about 
1896 less asbestos than in 1983, and the 
value decreased 13%. Only two States pro- 
duced asbestos; California was the leader, 
followed by Vermont. 

Calaveras Asbestos Corp. was California's 
and the Nation's leading producer, from its 
Copperopolis Mine. The other California 
producer, the Santa Rita Mine on the Joa- 
quin Ridge near Coalinga, in San Benito 
County, was owned and operated by Union 
Carbide Corp. through its newly named 
Calidria Corp. This mine was the second 
largest U.S. producer. The third U.S. pro- 


ducer was the Vermont Asbestos Group's 
Lowell Mine in Orleans County, VT. 

Employment in U.S. asbestos mines and 
mills remained at somewhat less than 400 
persons. 

The Vermont Asbestos Group's mine was 
struck in October 1983, and the miners were 
out until February 1, 1984. 

The Alaska asbestos project was again 
reviewed.* The Slate Creek chrysotile asbes- 
tos deposits are known to contain indicated 
reserves of about 60 million metric tons 
with an average fiber content of more than 
5%. The fiber is strong and fast filtering 
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and is considered to be ideal for use in 
asbestos-cement products. The Cache depos- 
it, the largest of the Slate Creek deposits, 
would be the first scheduled for develop- 
ment. Because of domestic environmental 
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problems, development of these Alaskan 
deposits remained on hold during 1984 de- 
spite the potential of supplying the Pacific 
Rim with excellent quality asbestos. 


Table 3.— Asbestos producers in 1984 


State and company County Mine A: sd 
Mire Asbestos Co Cal Co l Chrysotil 
averas tos Corp --------- averas pperopolis rysotile. 
Calidria Cordʒd San Benito nta Rita Gc ric Do. 
Vermont: Vermont Asbestos Group Orleans Lowell! Do. 
CONSUMPTION AND USES 


Total U.S. asbestos consumption increas- 
ed 4%; of this, 97% was chrysotile and 3% 
was crocidolite. Small amounts of amosite 
were reported used. Spinning grades 1, 2, 


and 3 represented 1% of the total chrysotile 
imported. Grade 7 remained the most used, 
70%, followed by grades 4 at 11%, 5 at 10%, 
and 6 at 896. 


Table 4.—U.S. asbestos consumption, by end use, grade, and type 


(Thousand metric tons) 


Chrysotile A Total 
End use cido- mo  asbes- 
eae orate Hrane orade raae orane Total lite site ics 
1983 total. -- -------- 0.4 2.2 17.0 13.9 17.4 159.3 210.2 6.2 0.6 217.0 
1984: 
Asbestos-cement pipe ze. nc 22.4 1.4 1.5 PS 31.3 5.7 na 31.0 
Asbestos-cement sheet p EN 9 1.2 8.0 2.6 12.1 M EN 12.1 
Coatings and com- 
pounds = d EE D 21.6 21.6 ME a 21.6 
Flooring products n c s z 9 46.4 46.4 sie E 46.4 
Friction products m — 1.0 1.8 6.2 33.9 48.4 ae E 48.4 
Insulation: 
Thermal ES dn 1 — mites 4 5 p 1 6 
Electrical ae a SM 1.5 5 2 2.2 um m 2.2 
Packing and gaskets _ _ 125 Am 4 5 7 11.6 13.2 UE NN 13.2 
Paper .........- pe NS ud 1 es 1.6 1.7 S Ke 1.7 
Plastics __________ ais Ec e 5 "M" 6 1.1 RUM Em 1.1 
Proofing products Sa ze PO 3.0 P" 4.1 7.1 n Exc 1.1 
Textiles o 1.5 Me Ee m eh 1.5 c ed 1.5 
Aber 1 5 2 5 30.6 32.8 S 3 33.1 
Total 1 2.0 25.1 21.7 17.4 153.6 219.9 5.7 4 226.0 
PRICES 


Depressed markets and high producer 
inventories of the last few years have caus- 
ed final negotiated asbestos prices to be 
lower than listed prices. A realistic set of 
unit values can be calculated using import 


data. These averaged data represented most 
of the domestic market. The unit value of 
exported asbestos, $460 per ton, represented 
a 28% increase. 
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Table 5.—Customs unit values of imported asbestos 
(Dollars per metric ton) 
1980 1981 1982 1983 1984 
Canada: 
Chrysotile: 
F ³˙¹¹w1äq²/ͥ ˙ ¹ r.. A A 251 272 234 257 284 
HCN ³·¹ſ ¼ome 5èq d o e 158 . 380 199 1, 084 
SDIBHIng — m ĩ³ d ĩ (; mt x utr 843 927 917 932 699 
her tee PHI EETERCR PES 296 373 334 384 431 
South Africa, Republic of: 
e nos LAM LC gd n aa 1,611 128 771 840 869 
ehh Ree rA LL LM rai ed LE 686 616 646 629 105 
FOREIGN TRADE 


There was a 27% increase in the total 
value of asbestos fibers and asbestos prod- 
ucts exported from the United States; of 
this, the fiber portion remained at 13%. 
Exports of brake linings and disk brake 
pads increased 47% in value and accounted 
for 63% of the value of all asbestos products 
exported in 1984. Canada remained the 
largest recipient of U.S. exports accounting 
for 62% of the value, followed by Japan, 


7%; Mexico, 6%; Saudi Arabia, 3%; and 
Venezuela, 3%. 

Canada provided 93% of the asbestos 
fiber imported into the United States, and 
the Republic of South Africa provided 7%. 
Several countries provided minor amounts. 
Chrysotile continued to dominate the im- 
ported types with 97% of the total. The 
value of imported asbestos fiber increased 
12%. 


Table 6.—Countries importing U.S. asbestos fibers and products 


(Thousand dollars) 
1983 1984 
Country Unmanu- Manu- Unmanu- Manu- 
factured factured Total! factured factured Total 
fibers products fibers products 

Australian 19 2,107 2,126 55 2,457 2,512 
ff ---------—- 221 1,432 1,653 215 3, 3,898 
Canada _____________~_ 1,539 73,139 15,278 889 112,012 112,901 
Germany, Federal Republic of_ 985 2,361 3,352 1,023 : 2,540 3,563 
Japan _-—----------—- 3,181 8,036 11,823 3,219 9,062 12,341 
Korea, Republic of 550 181 1,331 419 1,259 1,738 
Kuwait: NR 1,880 1,380 31 857 888 
Mexico , 4, 649 3,565 8,214 6,997 4,649 11,646 
Saudi Arabia 13 10,339 10,352 4 4,904 4,908 
Thailand 2,599 189 2,788 1.916 179 2,095 
1 | JFF ean dine OO 497 913 1,410 13 350 363 
United Kingdom 204 2,116 2,320 192 619 811 
Venezuela... 329 1,773 2,102 571 8,975 4,546 
Other <2. S o css mom 4,005 19,846 23,851 2,557 16,144 18,701 

Total! |. = _ 19,398 128,584 147,981 18,221 162,690 180,911 


Data may not add to totals shown because of independent rounding. 
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Table 7.—U.S. exports and reexports of asbestos and asbestos products 


1982 1983 1984 
Value Value Value 
Products Quan- (thou- Quan- (thou- Quan- (thou- 
tity sands) tity sands) tity sands) 
EXPORTS 
Unmanufactured: | 
Crudes, fibers, stueckoo metric tons 42,342 $14,752 40,476 $14,879 26,381 $14,106 
Sand and refununune do_ _ __ 16,183 4,791 13,760 4,519 13,398 4,115 
e. a Sy do- 58,525 19,543 54, 236 19,398 39,779 18,221 
Manufactured: | 
Asbestos fibers do ... 2,538 ^. 8,119 1,537 5,198 958 
Brake linings and disk brake pads do- NA 42,852 A 10,456 NA 103.303 
Clutch facings and liningnasss number. . NA 16,879 NA 20,285 NA 2 
Gasketss -2--- metric tons. . 358 3,020 337 2,196 275 1,815 
Insulation do.... NA 6,799 . NA 3,270 NA 5,720 
Packing and seals do— 1.311 15,309 1,015 10,174 1.150 9,063 
Shingles and clapboard .. .. do —-— 4.011 3,235 3,082 1,935 2,098 1,615 
Other articles of asbestos... _ _ do... 17,639 13,444 4,953 5,593 1,759 2,595 
Other articles, nsp.f .  . . .....- do. ... NA 17,047 A 9,477 NA 10,306 
Totul hii a y Na XX 126,704 XX 128,584 XX 162,690 
REEXPORTS 
Unmanufactured: 
Crudes and fibers do- 246 170 333 271 140 125 
Sand and refuse |... do. .. XX XX 65 14 Ew E 
I%%;ͤN&ũͤũ A y 8 do. ... 246 170 398 285 140 125 
Manufactured: 
Asbestos fibers do. ... 66 203 3 7 1 5 
Brake linings and disk brake pads do. __ 'NA 539 NA 318 NA 47 
Clutch facings and linings ... ----- number NA 309 NA 167 NA 194 
Gaskets - „---------------- metric tons. - ra) 1 (3) 117 46 136 
Insulation do- A 9 NA 10 (1) 10 
Packing and seals do.... 5 22 1 10 (1) 1 
Other articles of asbes tos do- 27 80 59 203 NA 264 
Other articles, n.s.p.f .. . do- NA 9 NA 166 ue E 
TOÀ] octets ͥ a XX 1,163 XX 998 XX 657 


TRevised. NA Not available. XX Not applicable. 
1Less than 1/2 unit. 


Table 8.—U.S. imports for consumption of asbestos fibers, by type, origin, and value 


South Africa, 
Canada Republi c of Other Total 
Type Quantity Value Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
1982 229,079 $56,714 11,390 $7,199 - 1,268 $1,012 241,737 $64,925 
1983: 
Amos ite . iss 609 512 d rs S 609 512 
Chrysotile 
Crude | 4 1 313 220 89 138 406 399 
Spinning fibers 1,840 1,714 190 123 161 225 2,191 2,062 
All other 182,459 48,018 4,465 2,998 80 120 187,004 51,136 
Crocidolite (blue) _ _ a pee 6,177 3,887 Eat me 6,177 3,887 
Total 184,303 49,133 11,754 1,140 330 483 196,387 51,956 
1984: mE NUI 
Amos ite — ne 715 621 n — 115 621 
Chrysotile 
Crude 85 92 en PS TUM za fs 85 92 
Spinning fibers 2,041 1,369 Fe * 93 123 2,134 1.492 
All other 193,525 54,806 7,541 3,423 307 326 201,373 58,555 
Crocidolite (blue) .. _ -— m 5,656 3,989 Pa T 5,656 3,989 


Total 195,651 56,261 13,912 8,033 400 449 209,963 64,749 
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WORLD REVIEW 


World production of asbestos increased 
slightly for the second consecutive year. 
Canadian asbestos exports accounted for 
65% of total world exports. Of total world 
asbestos deliveries, about 38% was made to 
North America including 30% to the United 
States, 22% to Asia, 20% to Europe, 11% to 
Central and South America, 8% to Africa 
and the Middle East, and 1% to Oceania. 

As of mid-1983, producer inventories in 
Canada and most of the market economy 
countries were at a record high, even 
though all producers had adjusted produc- 
tion downward. It was estimated that 
200,000 tons of asbestos fiber was stockpiled 
in Canada alone. The major reduction in 
mine production continued to give rise to 
shortened work periods, layoffs, and, in 
many instances, prolonged shutdowns of 
mining and processing operations. Further- 
more, prices of most fiber grades had not 
increased during the last 3 years.’ 

World chrysotile production capacity was 
apparently increasing while demand was 
decreasing. Many countries were competing 
with Canada for a share of the export 
markets. In addition to the established pro- 
ducers such as Australia, Italy, the Repub- 
lic of South Africa, the U.S.S.R., and Zim- 
babwe, Brazil, Colombia, and Greece had 
recently entered the world market. 

Developing countries of Africa, Asia, Lat- 
in America, and the Middle East essentially 
constitute the only markets offering poten- 
tial for growth, given their needs for asbes- 
tos products in construction and irrigation. 
Most of these countries are faced with a 
scarcity of hard currencies along with the 
shrinking of financing resources. 

Australia.—Woodsreef Mines Ltd. an- 
nounced plans to reopen its mine at Barra- 
ba early in 1985 if financing can be arrang- 
ed. Using their wet process for fiber recov- 
ery, the company proposes to process the 25 
million tons of dry process tailings left from 
previous mining for an expected 12-year 
operational life. An additional 12 million 
tons of unmined ore is amenable to the wet 
process. The company claims that the wet 
process almost doubles the yield of fiber 
obtained from ore compared to dry process- 
ing, and yields comparable to initial dry 
plant yields can be recovered from the 
tailings. 

The wet process virtually eliminates all 
environmental problems and produces a 
well-opened fiber suitable for use in asbes- 


tos-cement without further treatment. The 
main product line will be a grade 5R equiva- 
lent, although limited quantities of grade 
6D equivalent may be available. The fiber 
will probably be marketed in a pelletized 
form. Successful end-use trials on a com- 
mercial scale have already been conducted 
in asbestos-cement plants in Australia, Ma- 
laysia, Thailand, and the United States. 

Brazil.—S.A. Mineracáo de Amianto (SA- 
MA) holds about 96% of Brazil's asbestos 
reserves at Minacu, Goiás. In 1983, SAMA 
produced 150,000 tons of asbestos fiber and 
exported 14,000 tons. Measured, indicated, 
and inferred reserves total 5 million tons, 
with an average ore grade of 6.76%. 

Canada.—Asbestos, which ranked third 
among all minerals in value of production 
in Quebec Province during 1984, continued 
to suffer reductions in production. In 1983, 
745 million tons was produced with a value 
of C$321 million compared with 695 million 
tons in 1984 valued at C$301 million.* In 
volume, asbestos shipments dropped by 45% 
from those of 1979, and producers now have 
production capacity that far exceeds de- 
mand. 

Brinco Mining Ltd. has increased the 
expected life of its Cassiar asbestos oper- 
ations in British Columbia severalfold fol- 
lowing the completion of a deep drill hole, 
which was collared 750 feet southeast of the 
15-million-ton McDame deposit. This deep 
hole at least doubled the previously estab- 
lished reserves for the McDame deposit as a 
conservative estimate. Although the grade 
of the deposit is similar to the main Cassiar 
ore body, the unit value of the ore was 
expected to be higher because of the quality 
of the asbestos fiber.* | 

In another action, Brinco announced the 
sale of its 60.13% equity interest in Abitibi 
Asbestos Mining Co. in Maizerete Town- 
ship, Quebec, to Dydar Resources Ltd., a 
private firm. | 

The Société Nationale de l'Amiante 
(SNA), an asbestos firm owned by the Que- 
bec government, was active in two major 
areas with its asbestos properties. Asbestos 
Corp. Ltd. temporarily suspended oper- 
ations at its Thetford plant effective Decem- 
ber 1, 1984, because of a high inventory, 
40,000 tons, caused by poor sales in 1984 and 
because of predicted weak markets in 
1984.6 A merger of their two operating 
mines in the Eastern Townships was under 
study. 


ASBESTOS 


China.—A delegation from China, while 
visiting in Canada, gave some information 
about their asbestos industry. Their produc- 
tion was not definitely known because there 
were many small local mines and records 
were poor. Mines were in 16 or 17 Prov- 
inces, and about 30 were owned by local 
communes, not by the state. The larger 
mines employed a total of 2,000 to 3,000 
workers. According to the State Bureau of 
Building Materials, production was about 
140,000 tons in 1982. Reserves are large, 
about 50 million tons. Product utilization 
has not been very wide. 

Cyprus.— Production of asbestos in Cy- 
prus came exclusively from one mine locat- 
ed in the serpentinite deposit of the Troodos 
Massif. The mine, at Amiandos, was owned 
and operated by Cyprus Asbestos Mines 
Ltd. Production was halved over a 3-year 
period to approximately 17,000 tons in 1983, 
inline with decreasing sales, which amount- 
ed to about 15,000 tons. Most of that pro- 
duction was exported. 

Cyprus Asbestos produced two grades of 
asbestos, 3S and HSH, but because of declin- 
ing quality, it is now developing two new 
grades in their place. During the summer of 
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1984, a pilot plant was set up to produce 
grades 4T and equivalent 4Z together with a 
small quantity of grade 7. The company 
planned to commence commercial produc- 
tion of its new grades in 1985 aiming at 
markets in the Middle and Far East. The 
majority of the company's production was 
destined for export with only about 1,000 
tons per year supplied to the domestic 
market for the manufacture of asbestos 
cement pipes. 

United Kingdom.—The Health and Safe- 
ty Executive of the United Kingdom put 
new control limits on asbestos exposure in 
1984. The control limit for crocidolite re- 
mained at 0.2 fiber per cubic centimeter, 
and the limit for amosite was lowered from 
0.5 to 0.2 fiber per cubic centimeter. The 
chrysotile control limit was halved to 0.5 
fiber per cubic centimeter. 

Yugoslavia.—A new asbestos tile and pa- 
per factory started trial operations in 
Stragari. 12 The factory was to export over 
one-half of its overall output to hard curren- 
cy markets. Annual production of the facto- 
ry was to be as follows: asbestos concen- 
trate, 40,000 tons; asbestos paper, 22 million 
square meters; and asbestos tile, 9,000 tons. 


Table 9.—Asbestos: World production, by country! 


(Metric tons) 
Country? 1980 1981 1982 1983P 1984* 
Argentina ___________________ 1,261 1,280 1,218 1,240 1,250 
Australia 2.0 je s sz tu 92.418 145,494 18,587 *20,000 10,000 
Brazil 5t mt 8 169,173 138,420 145,998 158,885 160,000 
Bulgarian 7 400 600 7 600 
Canada (shipments) --------------- 1,323,053 1,122,000 834,000 858,000 922,000 
China aes en eR tina eee ey E 131,700 106,000 110,000 "160,000 160,000 
Colombia ____________________-_ NA 5,400 5,400 5,400 9,000 
CVDFUS 2 ae oe ah ets sco 34,535 24,440 18,952 17,288 16,000 
BRANO OE 31 325 424 245 325 
Greece "S 242100, 000 e100, 000 110,000 
ͤ;ͤĩr1i ꝛ ]˙ r md ⁊ð v 31.253 24.515 26,761 24,873 5,000 
Indones aaa — 5,000 25, 000 5, 000 25, 000 
õõ ²¹˙.A ²⅛˙mmp. dym 886 157,794 137,086 116,410 139.054 140,000 
Japan e sec c eue E 3,897 3,950 4,135 $4,000 4,000 
Korea, Republic of ~- -------------—- 9,854 14,084 15,933 12,506 15,000 
Mozambique 800 80 800 
Philippus Rs 6 dee SN bi 3 
South Africa, Republic off 277,734 235,943 211,860 221,111 170,000 
Swaziland (export) 32,833 35,264 26,413 31,275 30,000 
Taiwan ___________________ Le 683 2,317 2,392 7,819 2,500 
IIC unen ha 888 18,162 3,860 958 “4,000 4,000 
MS SR ie te es d LT 2,070,000 2,105,000 2,180,000 2,250,000 2,300,000 
United States (sold or used by producers) 80,079 75,618 63,515 69,906 357,422 
Yugoslavia_____________________ 12,106 13,591 11,657 10,502 10,400 
Zimbabwe _____________________ 250,949 247,600 194,400 153,000 165,000 
r.. ³ ed LE ee oes 14,699,306 74,348,387 4,115,413 4,215,604 4,338,297 
“Estimated. Preliminary. Revised. NA Not available. 


Table includes data available through Apr. 23, 1985. 


An addition to the countries listed, Afghanistan, Czechoslovakia, North Korea, and Romania also produced asbestos, 
but output is not officially reported, and available general information is inadequate for the formulation of reliable 


estimates of output levels. 
Reported figure. 
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TECHNOLOGY 


Higher methanol-to-gasoline yields were 
made possible with an asbestos-based cata- 
lyst as a result of research being carried 
out at Concordia University in Montreal, 
Canada. By crystallizing zeolite ZSM-5, a 
catalyst, on asbestos fibers, a mixed catalyst 
was made that selectively converts metha- 
nol to products with higher olefin-to-par- 
affin ratios than does ZSM-5 alone. In tests, 
olefin production was raised from 10% to 
15%, using ZSM-5 alone, to almost 60%, 
while paraffin generation was cut from 45% 
to less than 5%. The concentration of aro- 
matic liquids produced was about the same, 
40%, with both catalysts. The catalyst is 
made by soaking asbestos fibers in dilute 
sulfuric acid, which partially leaches out 
magnesium and other metal impurities. 
The fibers are then hydrothermally reacted 
with sodium aluminate and tetrapropyl am- 
monium hydroxide to form submicrometer- 
size, spherical nodules of ZSM-5 on the 
fibers. 

A safe and inexpensive method of remov- 
ing preformed asbestos insulation from ship 
pipes, fittings, and boilers was developed 
and successfully tested by Southwest Re- 
search Institute. The process uses a 1-to-5 
solution of ethylene glycol and water to 
reduce the friability of the asbestos as well 
as the consequent fiber level in the air. 
Workers saturate the asbestos with the 
solution, allow it to soak into the insulation 
for 2 to 3 days, and then remove the insu- 
lation. Tests showed asbestos fiber concen- 
trations to be well within permissible 
levels.!“ 

Preparatory work was reportedly done by 
some paint companies to use attapulgite in 
place of asbestos. Although asbestos was 
still used in paints for a number of pur- 
poses, attapulgite was already getting con- 
siderable use as a replacement for asbestos 
in texture paint. is 

Research on substitutes for asbestos has 
recently intensified.'* Approaches were nov- 
el materials such as pulped polyolefins and 
a synthetic glass made from slate-mining 
wastes; new combinations of existing asbes- 
tos substitutes aimed at boosting their per- 
formance; and modifications of the chemical 
and physical nature of asbestos fibers to 
make them less injurious to living tissue. 

Over the years, about 30 materials were 
advanced as substitutes for asbestos. These 
include glass fiber, cotton, ceramic fibers, 
carbon fibers, phenolic and aramid fibers, 


clay, mica, and diatomaceous earth. Many 
had already found their way into the mar- 
ket, either alone or combined in different 
proportions to achieve desired properties. 
Not one of these materials or groups of 
materials, however, is entirely satisfactory 
for all of the many asbestos outlets that 
include cement, brake linings, wallboard, 
and fireproof fabrics. Moreover, many of the 
substitutes have limitations, such as inade- 
quate heat resistance, low strength, chemi- 
cal instability, and cost. : 

Pulped polyolefin, introduced 3 years ago 
under the tradename Pulpex, was being 
investigated as an asbestos substitute in 
such applications as reinforcement for ce- 
ment, felts for flooring tiles, and filters in 
the beverage industry. Chemically, Pulpex 
consists of tiny fibers of high-density poly- 
ethylene or polypropylene. Physically, it 
has a fleecy, white appearance that in bulk 
form and under a microscope strongly re- 
sembles asbestos fibers. Although the prod- 
uct has been used in cement piping in 
Europe, it has been more difficult to market 
in the United States because of a tremen- 
dous reluctance to change from asbestos 
despite its well-known health hazards. The 
area where pulped polyolefins already had 
marked success was in replacing the asbes- 
tos in felt that underlies vinyl floor tiles. 
However, they are about 10 times more 
costly than the cheaper grades of asbestos. 

Far more experimental than the Pulpex 
work is a project under way at the Universi- 
ty of California at Los Angeles. The pro- 
gram, sponsored by the Bureau of Mines, 
seeks to turn the wastes from marble and 
slate processing into a glassy fiber that 
shows promise for replacing asbestos in 
cement. 

The search for asbestos replacements also 
involves the combination of well-known 
substitute materials in novel blends. No- 
where is this practice more common than in 
friction materials, including linings for 
brakes and clutches. In this application, 
there is no single drop-in substitute for 
asbestos. 

Although complete replacement of asbes- 
tos is the goal of most research on substi- 
tutes, some attempts are being made to 
modify asbestos itself to make it less harm- 
ful. One such program is in progress in 
Canada at SNA. The process involves treat- 
ing asbestos fibers with dry vapors of phos- 
phorus compounds in an inert atmosphere. 


ASBESTOS 


Among the compounds used are phosphorus 
oxychloride and phosphorus pentachloride. 
The asbestos treated in this fashion has 
0.5% to 5% by weight of phosphate groups 
chemically bound to the fibers. According to 
the company, such fibers do far less damage 
to living tissue than do ordinary asbestos 
fibers, although it is not known why. 


Physical scientist, Division of Industrial Minerals. 

2 Energy and Minerals Resources. Minerals Newswire. 
V. 12. No. 18, May 7, 1984, p. 143. 

3Ross, M., R. A. Kuntze, and R. A. Clifton. A Definition 
for Asbestos. Definitions for Asbestos and Other Health- 
Related Silicates, ed. by Benjamin Levadie. American 
Society for Testing and Materials, ASTM STP 834, 1984, 
pp. 139-147. 

*Chemical Week. An Out of Court Fund for Asbestos 
Claims. V. 134, No. 17, Apr. 25, 1984, pp. 18-19. 

The Economist (London). Is the Anti-Asbestos Lobb 
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Moving Too Quickly, Too Late? V. 292, No. 7359, Sept. 15, 
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1984, p. 65. 
*Mullins, W. J., and J. F. McQuat. The Alaska Asbestos 
Project (Part 1)— Project Review. Ind. Miner. (London), No. 
199, Apr. 1984, p. 40. 
re, J. Asbestos Industry at the Crossroads: Cur- 
rent onion and Outlook. Min. Eng., v. 36, No. 7, 1984, 
pp. 727-730. 
®The Northern Miner. Quebec Increases Value of Annu- 
al Mineral Output. V. 70, No. 42, Dec. 27, 1984, p. 20. 
9 — -—. Brinco Hole Doubles McDame Reserves. V. 70, 
No. 27, Sept. 13, 1984, p. 1. 
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Barite 


By Sarkis G. Ampian? 


Domestic production of barite, after de- 
clining in 1982 and 1983, increased 3% to 
775,000 short tons valued at $25 million. 
Production from Nevada, the leading pro- 
ducer, decreased 7% to 615,000 tons. Pro- 
duction from Georgia and Missouri, the 
second and third leading States, respective- 
ly, increased. Imports for consumption of 
crude barite rose 24% to 1.73 million tons, 
and ground barite imports rose over thirty- 
fold from 1,326 tons to 45,024 tons valued at 
$3.2 million. Imports of barite for the third 
consecutive year led domestic production. 
Ground barite imports, except for the drill- 
ing boom years of the late 1970’s and early 
1980’s, had been negligible. The principal 
use for barite, as a weighting agent in oil- 
and gas-well-drilling fluids (muds), account- 
ed for 93% of U.S. consumption. Chemicals, 
glass, and filler and extender uses account- 
ed for the remaining 7%. 


Demand for barite increased after declin- 
ing for 2 straight years owing to an in- 
crease in drilling activity and improvement 
in the overall economy. However, the in- 
crease in drilling activity was in land rigs 
drilling shallower wells that use less barite. 
U.S. mine production also rose for the first 
time in 2 years because of lower rail rates, 
which increased the competitiveness of. do- 
mestic ores in the marketplace. Barite 
grinding capacity, escalated in earlier years 
to meet demand, remained in a position to 
meet present or future demand. 

Domestic Data Coverage.—Domestic pro- 
duction data for barite are developed by the 
Bureau of Mines from one voluntary survey 
of U.S. operations. Of the 108 operations to 
which a survey request was sent, all re- 
sponded, representing 100% of the total 
crushed and ground production sold or used 
shown in table 1. 


Table 1.—Salient barite and barium chemical statistics 
(Thousand short tons and thousand dollars) 


1980 1981 1982 1983 1984 
United States: 
Barite, primary 
Sold oF used by producers 2,245 2,849 1,845 194 775 
hi4 | iM I $65,957 $102,439 $69,522 $29,208 $25,445 
Exports Lee dos rei eM 97 . 62 49 . 23 1 
VO ec e ou ee y ELO $13,794 $9,947 $6,510 $3,514 $574 
Imports for consumption (crude)... 1,850 1,932 2,320 1,396 1,731 
Consumption (apparent! |... 3,998 4,719 4,116 2,127 2,505 
Crushed and ground (sold or used by processors)? 3,649 4,716 4,088 2.745 2.883 
J 88 $365,632 $406,255 $322,100 $194,880 $220,806 
parum chemicals (sold or used by processors) _ — 40 34 25 22 
/ AA et Eas $22,441 $20,670 $18,720 $16,860 $17,105 
World: Production MORE OS Dro 8 18 262 T9055 8,025 P5986 *6,313 
"Estimated. Preliminary. "Revised. 
1Sold or used plus imports minus exports. 
Includes imports. 
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DOMESTIC PRODUCTION 


The term “primary barite" denoted the 
first marketable product and includes crude 
run-of-mine barite, flotation concentrates, 
and material concentrated by other benefi- 
ciation processes such as washing, jigging, 
or magnetic separation. Run-of-mine barite, 
the lowest cost primary barite, sold or used 
by producers represented 64% of total pro- 
duction compared with 38% in 1983; flota- 
tion concentrate was 8% of total 1984 pro- 
duction; and the balance was other benefi- 
ciated material. 

Reported primary production increased 
3%. Nevada and Georgia continued to be 
the leading States for barite output. Other 
producing States, in descending order, were 
Missouri, Montana, Tennessee, Illinois, and 
Washington. Illinois produced barite as a 
coproduct of fluorspar mining and milling; 
in all other States, barite was the primary 
product. 

The leading domestic barite producers 
were Dresser Minerals Div., Dresser Indus- 
tries Inc., IMCO Services Div., Halliburton 
Co., NL Baroid/NL Industries Inc., all with 
mines in Missouri and Nevada; and Milch- 
em Inc., with mines in Nevada. Other im- 
portant producers in Nevada were All Min- 
erals Corp., A. W. Arnold and Associates 
Inc., Eisenman Chemical Co. (a subsidiary 
of Newpark Resources Inc.), FMC Corp., and 
Old Soldier Mining Co. DeSoto Mining Co. 
in Missouri and C-E Minerals, a division of 
Combustion Engineering Inc., in Washing- 
ton also produced barite. 

The domestic barite industry experienced 
an upturn during the year primarily due to 
increased drilling activity and an improved 
domestic economy. Production data reveal 
that increases in mine output could be 
attributed directly to transportation eco- 
nomics resulting from lower rail rates. Nev- 
ertheless, the continuing oil glut and lower 
energy consumption rates detracted from 
any major turnaround in oil- and gas-well- 
drilling activity. Prior to the downturn, 
which started at midyear 1982, the industry 
had enjoyed a twofold increase in mine and 
grinding plant capacities from the latter 
half of the 1970’s to the first half of 1982. 
The downturn left many barite producers 
with excess inventories and long-term con- 
tracts to purchase foreign ores and was 
followed by cutbacks in domestic mine pro- 
duction and grinding plant activities that 
still persist. This slowdown was exacerbated 


by the world barite oversupply and lower 
ocean freight rates, in part owing to lower 
bunker fuel prices and excess bottoms. 
These factors, coupled with high domestic 
mining costs, high rail rates, and a strong 
U.S. dollar, combined to make foreign bar- 
ite more attractive than domestic ore. The 
major producers were increasingly making 
use of unit trains and guaranteed tonnage 
contracts, in collaboration with the carriers, 
to lower rail rates from Nevada to both the 
U.S. gulf coast and midcontinent areas to 
remain competitive in the marketplace. The 
competitiveness of the domestic industry, 
both for producers and grinders alike, was 
further threatened by the imports of ground 
barite into an already depressed market- 
place and by pending barter agreements, 
which could further soften foreign barite 
prices. 

Most mining and grinding operations con- 
tinued to be either suspended or on minimal 
production schedules. Many of the additions 
to mining, milling, and/or grinding capacity 
were largely to reduce operation costs to 
remain competitive in a soft market situa- 
tion. Many on-going and planned projects, 
including exploration programs, for the 
most part have been indefinitely deferred. 

Hughes Drilling Fluids added a second 54- 
inch Raymond mill and additional storage 
capacity to its Houston grinding plant. Cir- 
cle A Mining Co. constructed a jig plant 
north of Wells, NV, and started production 
at midyear. Eisenman Chemical, a subsid- 
iary of Newpark Resources Inc., reopened 
its Lakes Mountain jig plant in Nevada for 
a 3-month period. Newpark Resources also 
announced that it intended to develop a 
new supply base at Harbor Island, near 
Corpus Christi, TX, to supply fluids to the 
offshore petroleum exploration industry in 
the Gulf of Mexico. 

New Riverside Ochre Co. modified its 
Cartersville, GA, beneficiation plant by in- 
stalling a new ball mill to increase the 
capacity of its flotation circuits. The concen- 
trates are used chiefly to produce barium 
chemicals. 

In mergers, acquisitions, and closures, 
Dowell (a subsidiary of Dow Chemical Co.) 
merged into Dowell Schlumberger. Pre- 
viously, Dowell serviced the domestic drill- 
ing industry, and Dowell Schlumberger, an 
equal partnership between Dow and the 
French company Schlumberger Ltd., cater- 
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ed to the rest of the world. Schlumberger 
wil manage the new venture. Newpark 
Resources, in another move, purchased the 
assets of Sherwell Supply Co., a division of 
Sherwin Williams Co., a drilling fluids dis- 
tribution company with facilities at numer- 
ous Oklahoma locations. A. W. Arnold 
closed plants in Oklahoma and south 
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Louisiana. 

The Port of Houston, the second largest 
barite entry port, installed a new $4.1 mil- 
lion shiploading system, including a travel- 
ing shiploader, a dust suppression system, 
and a new conveyor belt scheme, to increase 
efficiency and improve turnaround time for 
ships calling at the port. 


Table 2.—U.S. primary barite sold or used by producers, by State 


i Flotation Beneficiated 
Run of mine concentrates material? Total 
ae Quan — que qu 
State tity ity ity ity 
"E na (thou b ani (tho Moni (thou- bien (thou RNC 
ions sand VR sand ‘ds sand aa) sand 45 
short n short ) short n short n 
tons) tons) tons) tons) 
1983: 

IFF Es 2 2: NS W W W W W W 
Illinois 1 = ae W W W W W W 
Missouri... 2 moe as ze NT W W W W 
Montana 1 2 3150 s NS 8 $600 10 $750 
Nevada ____________~- 11 276 7,140 W 387 14,596 663 21,736 
Tennessee |. . 1 W W CN aoe oe bum W W 
Washingtoůn 1 W W x oe nM EUM W W 

Total 1K!»ẽ 19 283 7,594 2101 237,336 472 21,609 2754 29,208 

1984: 

% eh ee ins 2 ae m W W W W W W 
Illinois 1 MN nos W W ex. TN W W 
Missouri 3 W W oe ON W W W 
Montana 1 W W PE E W W W W 
Nevada. 10 449 10,527 a ae 166 4,397 615 14,924 
Tennessee 1 W at ics ie 220% W W 
Washingtotnn 1 m e W W ENT is W W 

ell! os 19 499 12,298 60 4,146 216 9,000 775 325,445 


N. Withheld to avoid disclosing company proprietary data; included in “Total.” 


‘Includes some flotation concentrates in 1983. 
2Not included in primary barite total. 


Data do not add to total shown because of independent rounding. 


CONSUMPTION AND USES 


Consumption of crushed and ground bar- 
ite increased about 5% from 2.7 million tons 
in 1983 to 2.9 million tons. This upturn 
reverses the 2 consecutive years of decline 
from the record high of 1981, when 4.7 
million tons of crushed and ground barite 
were used. This increase reflected a slight 
increase in barite required for all well 
drilling, which accounted for over 93% of 
total sales. The oil- and gas-well-drilling 
industry completed over 82,000 wells and 
drilled over 348 million feet of hole. The 
figures indicated an increase in the number 
of wells and feet drilled of 7% each. | 

Total well footage drilled exceeded 10 
million feet in six States: Texas, 124.4 mil- 


lion feet; Oklahoma, 45.9 million feet; Loui- 
siana, 35.4 million feet; Kansas, 22.1 million 
feet; Ohio, 17.2 million feet; and Wyoming, 
10.7 million feet. Generally, the deeper a 
hole is drilled, the more barite is used per 
foot of drilling. Among the six leading 
States, Wyoming had the highest well 
depth, over 7,100 feet, and Kansas, the 
lowest, had an average depth of about 3,000 
feet. The U.S. average declined nearly 200 
feet to about 4,200 feet. The main reason 
that barite consumption increased was be- 
cause of the 7% increase in the number of 
wells drilled. This increase, however, was 
offset by the decline of barite per foot of 
drilling, which decreased to 15.5 pounds per 
foot of drilling compared with 16.3 pounds 
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per foot in 1983. The increase in uprating 
rigs was in land rigs that drill shallower 
wells, which require less barite. Another 
barometer of drilling activity, the Hughes 
'Tool Co. rig count, showed that the average 
number of operating domestic rigs increas- 
ed by nearly 9% to 2,428 rigs.* The increase 
in rigs reverses a 2-year downward trend 
that saw the number of rigs tumble from 
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the record high of 1981, 3,969 rigs, to 2,232 
rigs in 1982. The estimated rig count during 
the year ranged from a low of about 2,100 to 
a high of 2,800. 

The total value of barium chemicals sold 
or used in 1984 increased slightly to $17.1 
million. This was the first yearly increase 
noted since the 1979 record year. Previous- 
ly, the total value had declined 35%. 


Table 3.—Crushed and ground barite' sold or used by processors in the United States, 


by State 
1983 1984 
State Number of ntity Value Number of uantity Value 

plants ene (thousands) plants Us e (thousands) 

Louisiana 11 1.056 $11,680 13 1,315 $109,413 
Missouri 11 1,135 2 W W 
Nevada 11 635 26,019 9 478 15,691 
Oklaho˖naaaaa 6 82 1,249 5 91 6,737 
Texas. ______.______ 13 150 58,643 14 783 63,186 
Uta 4 55 3,842 4 55 3,976 
Other 12 157 19,811 11 161 21, 803 
Total? | . 60 2,745 194,380 58 2,883 220,806 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


Includes imports. 


?Includes Arkansas, California, Georgia, Illinois, Montana, New York, and Washington (1984). 
3Data may not add to totals shown because of independent rounding. 


Table 4.—Crushed and ground barite! in or used by processors in the United States, 
y use 


(Thousand short tons and thousand dollars) 


Barium chemicals_ — - - - ------------------—-—-—- 
Filler or extender? _________________________- 
Welldrilling..- um ß ee es ee i ad 


Includes imports. 


1983 1984 
Quantity Value Quantity Value 
TIR 40 3,703 116 9,605 
s 51 12,030 12 14,178 
s 2,648 178,647 2,695 197,023 
oe 2,745 194,380 2,883 220,806 


Uses reported by processors of ground and crushed barite, except for barium chemicals. 


3Includes glass, paint, rubber, other filler, and other uses. 


Table 5.—U.S. barium chemicals! produced and sold or used by processors 


1983 1984 
p Sold or used by p Sold or used by 
; ; ro- rocessors ro- rocessors 

Barium chemical duction ee ae o 
Plants? (short Quantity Value Plants? (short Quantity Value 

tons) (short (thou- tons) (short (thou- 
tons) sands) tons) sands) 

Barium carbonate _---.-_ 3 W W W 2 W W OW 
Barium chloride... 2 W W W 2 W W W 
Black ass 1 W W W 1 W W W 
Blanc fire 1 W W W 1 W W W 
Reer 2 123,240 121,680 7816, 860 2 27,364 26,249 $17,105 
Total enlm 4 23,240 21,680 16,860 3 27,364 26,249 17,105 


"Revised. W Withheld to avoid disclosing company proprietary data; included with "Other." 
'Only data reported by barium chemical plants that consume barite are included. Partially estimated. 
2A plant producing more than one product is counted only once. 
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Table 6.—U.S. hydrocarbon well drilling and barite consumption 
Barite 
Vi 
used for Wells drilled (thousands)! Suc. Average ^yerage 
Year well cessful depth per well 
drilling Oil Gas Dry Total wells per well chort 
(thousand holes (percent) (feet) 7 
short tons) 
1964 931 19.91 4.69 17.69 42.29 58.2 4.431 22.01 
19655 — 987 18.07 4.48 16.23 38.78 58.1 4.510 25.45 
19666. 1.022 16.78 4.38 15.23 36.39 58.1 4,478 28.08 
19670 965 15.33 3.66 13.23 32.22 58.9 4,385 29.95 
1968 |. 1,006 14.33 3.46 12.81 30.60 58.1 4,138 32.88 
19699 1.235 14.37 4.08 13.74 32.19 57.3 4,881 38.37 
17j000 1.119 13.02 3.84 11.26 28.12 60.0 4,952 39.79 
171 1,044 11.86 3.83 10.16 25.85 60.7 4,806 40.39 
1972 L- 1,183 11.31 4.93 11.06 21.30 59.5 4,932 43.33 
1973 == — 1,326 9.90 6.39 10.31 26.60 61.2 5,129 49.85 
197444 1.440 12.78 7.24 11.67 31.69 63.2 4.750 45.44 
1975 2222- 1,638 16.41 7.58 13.25 37.24 64.4 4,685 43.98 
1976 = = 1,986 17.06 9.09 13.62 39.77 65.7 4,571 49.94 
nn 2,312 18.91 11.38 14.69 44.98 61.3 4,687 52.73 
1978 |. = -----—- 2,632 17.16 12.93 16.25 46.94 65.4 4,829 56.07 
170 2.967 19.38 14.68 15.15 49.81 68.4 4,191 59.57 
19800 3,385 26.99 15.74 18.09 60.82 70.3 4,615 55.66 
1981... .. 4,526 37.67 17.89 22.97 78.53 70.8 4,602 57.63 
198ũ2 4,048 40.30 18.95 26.55 85.80 69.1 4,616 41.18 
1988 2,648 31.21 15.63 23.49 76.33 69.2 4,268 34.69 
1984 ___________ 2,695 41.10 15.71 25.23 82.04 69.5 4,246 32.85 


1Includes exploratory and development wells; excludes service wells, stratigraphic tests, and core tests. 


Source: American Petroleum Institute. 


PRICES 


Price quotations in trade publications 
decreased slightly for some grades of barite. 
These prices may serve as a general guide 
but do not reflect actual transactions. 

The reported average value per ton of 
domestic primary barite, based on actual 
sales, decreased nearly 15% f.o.b. plant. The 
average reported value per ton of ground 


barite from Texas and Louisiana was 
$81.95; the average value of that from 
California, Nevada, and Utah was $59.13 
per ton. The average customs value of 
barite exported to Canada was about $350 
per ton; the customs value of material 
exported to Mexico and Latin America was 
about $115 per ton. 


Table 7.—Barite price quotations 


Price per short ton! 
Item 
1983 1984 
Barite:? 
Chemical, filler, glass grades, f.o.b. shipping point, carlots: 
Handpicked, 95% BaSO,, not over 1% fre $90.00 $90.00 
Magnetic or flotation, 96% to 98% BaSO4, not over 0.5% fe 106.00 106.00 
Water-ground, 95% BaSO,, 325 mesh, 50-pound bags ______________ $80.00-165.00 $80.00-165.00 
Drilling-mud-grade: 
und, 83% to 93% BaSO,, 3% to 12% Fe, specific gravity 4.20 to 4.30, 
.0.b. shipping point, carlotssʒv7 e ꝛꝛꝛ „„ 80. 00-115. 00 80. 00-1 15.00 
Crude, imported, specific gravity 4. 20 to 4. 30, f. o.b. shipping point 65.00. 75.00 55.00- 75.00 
Barium chemicals? 
Barium carbonate: 
Precipitated, bulk, carlots, freight equalized (per pound); .24 .24 
Electronics-grade, bagnggsh D 510.00 510.00 
Barium chloride: 
Technical crystals, bags, carlots, works 450.00 450.00 
Anhydrous bags. carlots, same basses 565.00 565.00 
Barium hydrate: Mono, 55-pound bags, carlots, delivered (100 pounds 55.00 46.00 
Barium sulfate: 
Blanc fixe, technical-grade, bags, carlots_____________________. 430.00 400.00 
U.S.P., X-ray diagnosis-grade, powder, 25-kilogram bags, 10,000-kilogram 
lots (per pound ieee 59 59 
Barium sulfide (black ash), drums, carlots, works __ ss 460.00 460.00 


1Unless otherwise specified. 


Engineering and Mining Journal. V. 184, No. 12, Dec. 1983, p. 21 , and v. 185, No. 12, Dec. 1984, p. 27. 
Chemical Marketing Reporter. V. 224, No. 26, Dec. 26, 1983, p. 29, and v. 226, No. 27, Dec. 31, 1984, p. 21. 
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FOREIGN TRADE 


Exports of natural barium sulfate or bar- 
ite declined fifteenfold from 23,000 tons to 
nearly 1,500 tons. This represents a fifth 
year of decline from the record high of 1979, 
when 109,000 tons were exported, and the 
smallest amount of ground barite exported 
since 1969, when barite export statistics 
were first listed in the Minerals Yearbook. 
Export and import data provided by the 
Bureau of the Census do not indicate the 
grades of barite traded; however, based on 
the value of individual shipments, an esti- 


mated 60% was chemical, filler, or glass 


grade, and an estimated 40% was ground 
drilling-mud. grade. Previously barite ex- 
ports usually consisted of over 90% mud- 
grade material. No crude barite was ex- 
ported in 1984. Canada, traditionally second 
among export recipients, replaced Mexico 
as the leading importer of U.S. ground 
barite and accounted for nearly 49% of the 
total exports. Exports to Mexico declined 
from nearly 18,000 tons in 1983 to below 100 
tons. Both countries are relying more heavi- 
ly on domestic production. The strong U.S. 
dollar also has had an adverse effect on 
barite exports. 

Imports of crude barite increased 24% 
from 1.40 million tons to 1.73 million tons. 
The 1984 barite import figure was still 25% 
below the record high of 2.32 million tons 
set in 1982. The average unit c.i.f.* value of 
this material dropped about 1496 to $41.43 
per ton, indicating that prices of foreign 
ores continued to decline in response to 
oversupply and lower ocean shipping rates. 
Domestic producers and consumers, faced 
with high rail rates from domestic mines to 
gulf coast area grinding plants, continued to 
take advantage of the more attractively 
priced foreign ores to meet their demands. 
Average value per ton for material shipped 
from the principal source countries was 
China, $44.23; Peru, $40.90; Morocco, $40.50; 
Thailand, $40.43; Ireland, $38.03; India, 
$37.35; Chile, $35.96; and Mexico, $21.45. 
The costlier, higher quality barite, general- 
ly material with a specific gravity greater 
than 4.3, is usually blended with lower 
grade ore, foreign or domestic, during grind- 
ing to meet American Petroleum Institute 
(APD specifications for 4.2 drilling-mud- 
grade barite. 

Imports of ground barite increased more 
than thirtyfold to over 45,000 tons from 
about 1,300; of this, China and Morocco 


supplied 70% and 25%, respectively. 
Ground barite imports generally had been 
limited to premium-quality pharmaceutical 
grade from Belgium-Luxembourg, Canada, 
the Federal Republic of Germany, and the 
Netherlands, unavailable domestically and 
averaging $300 to $400 per ton. The average 
value of the Chinese and Moroccan imports, 
$53.88 and $79.82, respectively, suggests 
that this barite was probably drilling-grade 
material. No imports of ground mud-grade 
barite were recorded for either 1982 or 1983. 
The last significant imports of mud-grade 
barite occurred during the drilling boom 
years of the late 1970’s and early 1980's 


when imports, mainly from Morocco, Mexi- 


co, Singapore, and China, averaged under 
10,000 tons per year. Continued imports of 
ground drilling-grade barite, in an already 
depressed market, will probably not only 
result in the closure of some grinding plants 
but also affect the few domestic mines that 
still supply ore for blending. The value of 
imports from Thailand and Turkey, about 
$150 per ton, indicates that these ground 
materials were probably destined for do- 
mestic filler and extender markets that in 
the past had been supplied by U.S. produc- 
ers. 

For the most part, crude barite entered 
through customs districts located along the 
gulf coast for delivery to grinding plants in 
that area, which was near most drilling- 
mud markets. The import distribution by 
customs districts in 1984 (1983) was New 
Orleans, LA, 53% (51%); Houston, TX, 31% 
(28%); Laredo, TX, (Port of Brownsville, 
TX), 8% (12%); and Port Arthur, TX, (Port 
of Lake Charles, LA), 8% (9%). 

Imports of barium chemicals increased 
27% to about 35,000 tons valued at over 
$20.5 million. Barium carbonate imports 
rose 64% to nearly 14,500 tons. Brazil, 
China, France, the Federal Republic of Ger- 
many, Italy, and Japan were the major 
suppliers. 

The U.S. Department of Commerce and 
the U.S. International Trade Commission 
(ITC) determined on October 17, 1984, that 
barium chloride from China was being sold 
at less than fair market value and that such 
sales were materially injuring the U.S. 
industry. Based on these findings, all unliq- 
uidated entries, or warehouse withdrawals 
for consumption of barium chloride from 
China, on or after April 6, 1984, were to be 
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liable for possible assessment of a 14.5% 
antidumping duty. Furthermore, a cash de- 
posit of estimated antidumping duties was 
to accompany each affected transaction. 

The antidumping duty resulted from a 
petition filed on October 25, 1983, by the 
sole remaining domestic producer of barium 
chloride and barium carbonate, Chemical 
Products Co., Cartersville, GA. 

In other actions, the ITC ruled separately 
on barium carbonate imports from China 
and the Federal Republic of Germany. On 
August 27, 1984, the ITC determined that 
barium carbonate from China was not being 
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sold in the United States at less than fair 
market value and terminated its investiga- 
tion. As a result of another review of two 
known manufacturers and/or exporters of 
West German barium carbonate, from Feb- 
ruary 18, 1981, through June 30, 1982, the 
ITC determined the existence of dumping 
margins during the period for one firm, Kali 
Chemie AG. A preliminary intention to 
assess dumping duties, equal to the calcu- 
lated differences between the U.S. price and 
foreign market value, in each of its roles 
during that period was advanced on Febru- 
ary 24, 1984. 


Table 8.—U.S. exports of natural barium sulfate, by country 


Country 


Argentina. .  ...... PE 
Australia — 


Mexico ._.__.._........... soll. 
Philippines C E pue ti 
Venezuela |. .... ...... ..... 


Other "-——— mesa "EP" 


1983 1984 

Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) 
NON D PRO RE EA 5 t 25 $9 
3 MW x 1: ae —-— 
á PEN , 1,677 107 259 30 
3 2,582 601 707 254 
3 2 26 19 NOR a 
J te I a 4 1 . Cus 

33 ˙ Soe Bese E Ls 62 2 
a 17,676 2,485 87 193 
Aaa 56 21 36 13 
e A 45 21 39 21 
Vr" 509 111 235 34 


1Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 


Table 9.—U.S. imports for consumption of barite, by country 


See footnotes at end of table. 


1983 1984 

Country Quantity Value! Quantity Value! 

(short (thou- (short (thou- 

tons) sands! tons) sands) 

Crude barite: 
Chilé- id a. uoniwEu ehhh ee de 2. 2 " 8 81.601 $4,163 87,202 $3,136 
China aeren ²³;VTN ff. pope eet eS oh ERE 777,955 38,974 905,158 40,038 
India "n dA Sea nebo, Seco SEA tee cane ees dah 24,251 1,221 133,785 4,997 
Ireland i agen isc, Gene E . ne — 39,683 1,509 
Mexico . . 131.467 4.433 59,446 1.275 
Morocco A" ls 3 175,999 8,123 335,315 13,582 
P xm e m" sb 129,939 5,751 64,006 2,618 
Thailand . ; 48,005 2,213 64,753 2,618 
Other, dd .... ...2.- 26,145 1,556 41,552 1,937 
Total? | VOLETE CERE: 1,395,964 67,034 1,730,960 71,708 
Ground barite: 

Belgium- Huxembourg. - 3 me eee hee. ca 56 21 103 41 
Canada oed e EE 519 163 1,565 374 
China 2 ROS S I "s 31,382 1,691 
France ee ee a 40 12 80 24 
Germany Federal Republic ;( VA SNO 160 55 324 92 
Mexico JC Ä 153 7 1 (*) 
Morocco. - z 2 AU a, 11,112 887 
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Table 9.—U.S. imports for consumption of barite, by country —Continued 


1983 1984 
Country Quantity Value! Quantity Value! 
(short (thou- (short (thou- 
tons) sands) tons) sands) 
Ground barite —Continued 
Netherlands . 295 $105 368 $115 
Thailand x 43 T 67 10 
Turkey - tes n 22 3 
Total n - 1,326 310 45,024 3,237 
lC i.f. value. 
2Includes 26,462 tons valued at $1,527,100 in 1983 from Taiwan, not believed to have originated in Taiwan. 
3Data may not add to total shown because of independent rounding. 
*Less than 1/2 unit. 
Source: Bureau of the Census. 
Table 10. —U.S. imports for consumption of barium chemicals 
Blanc fixe ; : 
: ps Barium Barium 
Lithopone n chloride hydroxide 
Year 
Quantity Value Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
1980 1,310 $599 7,752 $4,400 4,216 $980 2917 $1,694 
1981 : NA NA 8,402 5,369 3,601 1,170 3,663 2,451 
1982 mer NA NA 8,135 5,580 2,930 878 3,570 2,758 
1983 x " NA NA 9.087 5,911 3,402 1,016 4,799 3,751 
1984 NA NA 9,302 6,381 3,680 1,576 5,452 3,973 
: : Barium carbonate, Other barium 
perlumnttrate precipitated compounds 
Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
1980.2 mn itd 1,143 $243 6,8176 $2,050 883 $597 
1914141. 270 87 5,709 2.323 664 538 
1982 3 682 263 7.787 3,055 753 629 
TOR n e ore Een dta hea 777 275 8.821 3.884 946 1.256 
„„ a9 nt hee Denes 1,278 478 14,476 7,269 1,020 847 
NA Not available. 


Source: Bureau of the Census. 


Table 11.—U.S. imports for consumption of crude, unground, and crushed or ground 


witherite! 
Crude, unground Crushed or ground 
Year Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 

1980 FF . 22.145 5713 62 $23 
|o PE MT EE 2 92 85 
1982 "TTC Mc PR 292 82 41 44 
„ nh. dox mL s Mara ic "— e "E 1 4 49 12 
1984 e — "A : "e z 41 24 185 129 


! Barium carbonate. 


Source: Bureau of the Census. 
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WORLD REVIEW 


Estimated world production of barite in- 
creased slightly to 6.3 million tons. The 
United States produced 1296 of the world 
total and imported 27% of the world output. 

Afghanistan.—A mineral map of the 
country, completed with help from the 
U.S.S.R., was released by the Ministry of 
Mines.5 The survey, undertaken to establish 
the reserves of a number of mines, listed a 
barite mine in Logar, 50 miles south of 
Kabul. 

Canada.—Cuvier Mines Inc. began an 
extensive exploration program to locate 
barite deposits in Nova Scotia and New 
Brunswick.* The company reportedly had 
several sites ready for drilling in the Wal- 
ton area of Nova Scotia. Magcobar Miner- 
als, a division of Dresser Industries, opened 
its Fireside, British Columbia, barite mine 
and installed a portable grinding plant at 
Watson Lake, also in British Columbia.’ 

The Buchans silver-lead-zinc-copper mine 
in Newfoundland was permanently closed 
at midyear. The mine, owned by Abitibi- 
Price Ltd. and ASARCO Incorporated and 
operated by the latter, has been worked 
sporadically since 1981 to salvage remain- 
ing ore reserves. Barite recovery from the 
stored mill tailings was to continue on a 
seasonal basis. 

China.—The Government continued its 
program to improve both its barite mines 
and transportation systems in order to 
maintain its position as the world's leading 
producer and exporter of barite.? The major- 
ity of the drilling-mud and chemical-grade 
barites are produced in Guangxi, Guizhou, 
and Hubei Provinces. 

Germany, Federal Republic of.—Kali 
Chemie, a Solvay & Cie. S.A. subsidiary, 
was investing 20 million deutsche marks 
(DM) in expanding its production capacity 
by more than one-third for barium and 
strontium carbonates at its two plants. 
The expansions, scheduled for completion 
either by yearend 1984 or early 1985, were 
to take place at both its Bad Honningen 
Works in the Federal Republic of Germany 
and at the Livorno plant of its Italian 
subsidiary, Societá Bario e Derivati. 

Kali Chemie plans to produce high- 
specification-grade barium and strontium 
carbonates for consumer industries such as 
magnet-grade ferrites, electrical compensa- 
tors, and television envelopes. 

India.—The Cuddapah district in Andhra 


Pradesh, with over 70 million tons or one- 
third of India's total barite reserves, ac- 
counted for 98% of its production. i The 
other barite producing States were Rajas- 
than, Maharashtra, Himachal Pradesh, and 
Tamil Nadu. 

The Government abolished the export 
duty on barite.? The removal of the 50- 
rupee-per-ton levy is expected to increase 
exports of barite, particularly to Iran, Iraq, 
the U.S.S.R., the United States, and some 
Persian Gulf States. This move was proba- 
bly undertaken because of strong competi- 
tion from Chinese, Moroccan, and Thai 
producers. 

Mexico.—The Barita de Sonora S.A. de 
C.V. project in Villa Pesquiera, with a 
targeted capacity of nearly 200,000 tons per 
year, was near completion at yearend." 

Oman.—IMCO, was constructing a 
50,000-ton-per-year grinding plant schedul- 
ed for opening by mid-1985."* 

Peru.—NL Baroid / NL Industries pur- 
chased the grinding facilities of Baribent 
S. A., in Lima, to supply the local market. is 
The new company will operate the facilities 
as Minerales Andinos S.A. 

Spain.—IMCO, has acquired a majority of 
the outstanding stock of Unibario Sociedad 
Anónima Comercial y Minera and will oper- 
ate as a subsidiary of Halliburton.'* Unibar- 
io is a producer and processor of barite and 
bentonite for the drilling-mud industry with 
a barite mine and processing plant at La 
Carolina and shipping facilities at Seville. 
The new company, with a capacity to pro- 
duce over 30,000 and 5,000 tons per year of 
barite and bentonite, respectively, will ser- 
ve IMCO's operations in north and west 
Africa and selected locations in Europe. 

United Kingdom.—The Silverband barite 
mine of Horace Taylor (Minerals) Ltd. was 
sold to a new company, Silverband Barytes 
Co., based at Knock in Cumbria." The 
Silverband Mine will continue to produce 
about 10,000 tons per year of mud-grade 
barite while Taylor's Derbyshire operation 
will supply 7,000 to 8,000 tons per year of 
filler-grade barites for use in paint, rubber, 
plastics, and friction materials. 

Yugoslavia.—A new barite mine was 
scheduled to come on-stream by the end of 
1985 at Pljevija in Montenegro.'* The new 
mine was to have a production capacity of 
27,000 tons per year. 
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Table 12.—Barite: World production, by country! 


(Thousand short tons) 

Country? 1980 1981 1982 1983P 1984* 
Afghanistan®______________________- 3 1 2 2 3 
JJ ]³ꝛ˙¹w¹m ⁰ꝛʒ s Dee e 108 98 112 120 120 
Argentina. 55 54 40 67 66 
Australi —— ccn since Se ee cn 43 45 31 44 44 
Austria: eect 8 ($) MN B E "S 
Belgium? _________________~__ Lee 33 44 44 44 44 
Bolivi˖aeꝛe 10 2 1 1 1 
Brazil nsn eai eA A E 115 128 *132 *130 130 
Uhl 8 r5 8 18 12 12 
Canada e d cocum ee E 104 95 31 r e50 55 
Chile nena seco CAE 8 249 286 322 126 130 
Chill s ere tee ⁰⁰y is e 750 880 990 71,100 1,100 
ir ens uerius 4 4 4 4 4 
Czechoslovakia _____________________ 767 67 67 67 67 

pole ls ccu EO 5 2 e3 4 4 
Fil: ee 8 261 210 172 165 155 
German Democratic Republic c 39 39 39 39 40 
Germany, Federal Republic off 193 182 183 181 200 
Greece 22222222222222- 53 52 52 33 35 
Guatemala ----------------------—- 5 6 2 Fee ($) 
Indigo pat E 8 478 390 359 356 460 
õöÜĩÜ5˙! yk w mtr eh 165 83 88 94 100 
öͤöÄ§ö;ä,v ⁰ AM Net ma 281 302 292 220 220 
Italy 5. eoru es Ue eL Ee 224 195 198 153 7118 
J CASS Lt cu aus 62 62 66 77 773 
FE W A 7 7 De ($) (9 
Korea, North? ______________________ 120 110 MP SM ink 
Korea, Republic off (4) "e EL 1 e 
Malaysia _----------------------—- ER 21 28 24 40 
Mes 88 297 350 401 394 400 

õͥ·Ü¹rt⅛1ͥ⁰˙¹¹. ⁰mmdmd m 8 353 513 593 311 330 
Palistüh -— s uoc ce REL e 15 26 29 31 33 
Peru oo coo a A ee ee eed per 457 451 413 *180 180 
Philippines `- -----------------—---—-——- 6 2 10 3 71 
z e ELA 106 94 100 89 89 
Portugal- = sereta A ES 1 1 ei 1 ($) 
Romania ___-——----------------—-—- 188 87 86 86 80 
South Africa, Republic of „„ 3 3 4 7 5 
SS ch ⁰⁰⁰ym 8 66 58 55 58 55 
"Pri Me md —— la 336 338 365 201 7193 
Tunisia ß re a E 30 27 34 22 30 
(uil MER 141 205 118 85 200 
USSR? coe es d 560 560 570 570 600 
United Kingdom ___ ________________-_- 60 69 89 40 80 
United States 2,245 2,849 1,845 154 7775 
Yugoslavia ~ —--------------------—-- 53 49 35 r €33 40 
Zimbabyʒ) (*) E 1 1 1 
Toal ee ee ecu LS rg 262 "9.055 8,025 5,986 6,813 
*Estimated. Preliminary. ‘Revised. 


Table includes data available through June 11, 1985. 


In addition to the countries listed, Bulgaria also produces barite, but available information was inadequate to make 


reliable estimates of output levels. 
3 Year beginning Mar. 21 of that stated. 
*Less than 1/2 unit. 


5Series represents exports only; Bolivia also produces barite for domestic consumption, but available data are not 
adequate for formulation of estimates or levels of production to meet internal needs. 


Data are for fiscal years beginning Apr. 1 of that stated. 
"Reported figure. 

5Barite concentrates. 

9Sold or used by producers. 


TECHNOLOGY 


A comprehensive technical paper on bar- 
ite in Nevada, with sections on its mineralo- 
gy, uses, history, past production, explora- 
tion, economics, and geology of deposits, was 
published.“ The work included descriptions 
of 181 Nevada barite deposits and 2 maps, 
one showing barite deposits and occur- 


rences in the State and the other showing 
barite production from its deposits. Another 
article on Nevada detailed the geology of 
the deposits and also highlighted the explo- 
ration, production history, and open pit 
mining methods of the major producing 
companies in the State. 


BARITE 


Indepth reviews were published on the 
industrial minerals of Canada?! and the 
United Kingdom? that included sections on 
barite geology, mineralogy, and indigenous 
mining methods. Both works featured in- 
dustrial minerals activities and recent de- 
velopments in each of the major barite 
producing Canadian provinces, Scotland, 
and the Lake District and Derbyshire in 
England. 

A symposium on barite was held during 
the year. A total of 11 papers were pre- 
sented that covered a variety of topics from 
the geological framework of barite deposits 
and possible area for future exploration to a 
more technical theme dealing with benefi- 
ciation, comminution, and classification of 
barites. 

The chemistry, production methods, and 
specifications for nondrilling applications of 
barite were reviewed.** The main areas of 
consumption—fillers and extenders, chemi- 
cals, glass, and ceramics—were also exam- 
ined in detail, and predictions of market 
trends were given. A feature outlined the 
major worldwide producers of barite for 
nondrilling usage. 

Two methods for rapidly estimating the 
quantity of mud-grade barite consumed for 
a given well were developed. The tech- 
niques, although not as precise as those 
employed by petroleum engineers, were 
stated to be of considerable use. The meth- 
ods used hole and casing capacities along 
with mud systems and weights to calculate 
both barite quantities required and their 
costs. 

The geology, mining methods, and pro- 
duction flowsheets for two underground 
Japanese  copper-lead-zinc-barite mines 
were depicted. Both operations, containing 
head feeds of about 1096 barite, routinely 
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produced concentrates containing over 96% 
barite with recoveries averaging over 50%. 


„Physical scientist, Division of Industrial Minerals. 

"American Petroleum Institute. Quarterly Review of 
Drilling Statistics for the United States. 4th Quarter, 1984 
and Annual Summary, 1984. V. 18, No. 4, Feb. 1985, 39 pp. 

Hughes Tool Co. 1984 Annual Report. P. 14. 

Costs, insurance, and freight. 

Industrial Minerals (London). Company News & Miner- 
als Notes. No. 197, Feb. 1984, p. 63. 

6 — ——. Company News & Mineral Notes. No. 198, Mar. 
1984, p. 70. 

"Richardson, R. C. Barite. Min. Eng., v. 37, No. 5, May 
1985, p. 461. 

*Minin Magazine (London) World Highlights: North 
a Bachane Exhausted. V. 151, No. 1, July 1984, 


Catal, A. V. Barite. Eng. and Min. J., v. 186, No. 3, 
Mar. 1985, pp. 115-116. 

joEuropean Chemical News. New Projects: Kali-Chemie 
Lifts Capacity. V. 43, No. 1142, Sept. 3, 1984, p. 30. 
n „ New Delhi, India. State Dep. Airgram 

-i1,p 

12Mining Journal (London). Industry In Action: Govern- 
ment Measures—India poe Barytes Duty. V. 302, No. 
1162, May 25, 1984, p. 355 

130.8. Embassy, Mexico City, Mexico. State Dep. Air- 
gram A-48, p. 23. 

Work cited in footnote 7. 

I5Work cited in footnote 9. 

léIndustrial Minerals (London). World of Minerals: 
Spain—IMCO Buys Unibario. No. 201, June 1984, p. 11. 
World of Minerals: United Kingdom— 
Silverband Barytes Changes Hands. No. 203, Aug. 1984, 
p. 13. 
1$— ——. Company News & Mineral Notes. No. 201, 
June 1984, p. 61. 

198Papke, K. G. Barite in Nevada. Bull. 98, Nevada 
Bureau of Mines and Geology, Reno, NV, 1984; available 
from Nevada Bureau of Mines and Geology, University of 
Nevada-Reno, Reno, NV 89557-0088, $10. 

2°Clarke, G. Barytes in Nevada—Back to Pre-1984 Lev- 
els. Ind. Miner. (London), No. 200, May 1984, pp. 53-61. 

21Industrial Minerals (London). Industrial Minerals in 
Canada—A Review of Recent Developments. No. 200, May 
1984, pp. 63-125. 

22Clarke, G. Industrial Minerals in the U.K.—An 
Overview of Recent Developments. Ind. Miner. (London), 
No. 206, Nov. 1984, pp. 21-47. 

STransactions—Institution of Mining and Metallurgy, 
Section À: Mining Industry. July 1984, pp. A95-168. 

?«Griffiths, J. Barytes: Non-Drilling Applications. Ind. 
Miner. (London), No. 201, June 1984, pp. 2 

35Drawater, C. Estimation of Barytes Consumption Dur- 

queer Drilling. Ind. Miner. (London), No. 202, July 

pp. 63 

Mining Magazine (London). Kosaka Mine and Smelter. 
V. 151, No. 5, Nov. 1984, pp. 403-409. 
. Hanaoka Mine. V. 151, No. 5, Nov. 1984, pp. 414- 
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Bauxite and Alumina 


By Luke H. Baumgardner! and Ruth A. Hough? 


World bauxite and alumina production 
increased substantially in 1984. Bauxite and 
alumina production in the United States 
also increased significantly, although do- 
mestic alumina capacity was reduced by 
800,000 metric tons? at yearend when the 
Mobile, AL, refinery was permanently clos- 
ed by the Aluminum Co. of America (Alcoa). 
Reynolds Metals Co. abandoned its bauxite 
mining and export operations in Jamaica, 
Kaiser Aluminum & Chemical Corp. dis- 
closed plans to sell its refractories business, 
and Martin Marietta Corp. announced that 
Comalco Pty. Ltd., Australia, was buying 
most of its aluminum facilities. Produc- 


tion was started at two new alumina plants 
in Australia and one in Brazil. A full year of 
production was achieved at new alumina 
plants in Ireland and Venezuela. 

Domestic Data Coverage.—Domestic pro- 
duction data for bauxite and alumina are 
developed by the Bureau of Mines from 
three separate voluntary surveys of U.S. 
operations. Typical of these surveys are the 
quarterly and annual "Production of Baux- 
ite" surveys. Of the nine operations to 
which a survey form was sent, all respond- 
ed, representing 100% of 1984 U.S. bauxite 
production shown in tables 1, 2, and 18. 


Table 1.—Salient bauxite statistics 


(Thousand metric tons and thousand dollars) 


1980 1981 1982 1983 1984 

United States: 

Production: Crude ore (dry equivalent?! 1,559 1,510 732 679 856 

II clum K ĩ 8 $22,353 $26,489 $12,334 $11,309 $15,643 

Exports (as shipped)_ - -- - ------------ 21 20 49 74 82 

Imports for consumption l 14,087 12,802 10,122 1,601 9,428 

Consumption (dry equivalent). | 15,962 13,525 9,217 79,100 10,519 
World: Production 189,220 185, 426 18,144 P78,861 €84,664 


Estimated. Preliminary. Revised. 


1Excludes calcined bauxite. Includes bauxite imported to the U.S. Virgin Islands. 


Legislation and Government  Pro- 
grams.—National Defense Stockpile goals 
remained unchanged at 21.3 million tons of 
Jamaica-type and 6.2 million tons of Suri- 
name-type metal grade bauxite. Goals for 
calcined abrasive grade and refractory 
grade bauxite were 1 and 1.4 million tons, 
respectively. At yearend, General Services 
Administration (GSA) listed an inventory of 
11.6 million tons of Jamaica-type and 5.4 
million tons of Suriname-type, metal grade 
bauxite. As a result of barter transactions 


with Jamaica, an additional 1 million tons 
of metal grade ore was held by the Commod- 
ity Credit Corp. Two contracts were award- 
ed by GSA for the purchase of calcined 
refractory grade bauxite. Both contracts 
went to Cometals Inc., New York, to deliver 
a total of 75,000 tons of calcined bauxite 
produced in China. The yearend inventory 
of 203,000 tons of calcined refractory grade 
bauxite did not include the 75,000 tons 
ordered in 1984. 
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DOMESTIC PRODUCTION 


Domestic bauxite production increased 
moderately, and virtually all shipments 
went to nonmetal uses such as chemicals, 
proppants, refractories, or specialty alumi- 
nas. In central Arkansas, Alcoa and Ameri- 
can Cyanamid Co. mined bauxite in Saline 
County as a raw material for production of 
aluminum sulfate, proppants for the petro- 
leum industry, and refining to specialty 
aluminas. Porocel Corp. purchased bauxite 
for the production of activated bauxite at its 
Pulaski County plant. Bauxite mines were 
operated in Alabama by A. P. Green Refrac- 
tories Co. and Harbison-Walker Refracto- 
ries Co., and in Alabama and Georgia by the 
Mullite Co. of America. All of the produc- 
tion went to supply the chemical, proppant, 
and refractory industries. 

In the final quarter of 1984, Alcoa and 


Reynolds Metals permanently closed their 
respective Mobile, AL, and Hurricane 
Creek, AR, alumina plants. The closure of 
the two plants was not reflected in domestic 
alumina production because Bayer process 
operations at these plants had been shut 
down throughout the year. Domestic alumi- 
na capacity was reduced by 11% to 63 
million tons per year by the closures. The 
average operating rate for U.S. refineries 
was about 74% of capacity. 

Shipments of calcined alumina from do- 
mestic refineries to U.S. primary aluminum 
plants totaled 4.1 million tons. Exports and 
shipments to the abrasive, ceramic, chemi- 
cal, and refractory industries accounted for 
the balance of the total 4.2 million tons of 
calcined alumina shipped. 


Table 2.—Mine production of bauxite and shipments from mines and processing 
plants to consumers in the United States 


(Thousand metric tons and thousand dollars) 


Shipments from mines and 


Year Mine production processing plants to consumers! 
Dry As Dry ; 
Crude equivalent Value“ shipped equivalent Value 
ôö·Üĩb ↄð ĩ 2 EE AA 896 732 12,334 1,411 1,247 35,322 
Jö§Ü SONIS - ree ee 826 679 11,309 977 913 26,370 
1984 —.—— i ei te 1,054 856 15,643 1,332 1,227 35,719 


1May exclude some bauxite mixed in clay products. 
2Computed from values assigned by producers and from estimates of the Bureau of Mines. 


Table 3.—Recovery of dried, calcined, 
and activated bauxite in the 
United States 


(Thousand metric tons) 


Total processed 
Crude bauxite recovered! 
Year ore n 
treated As Dry 
recovered equivalent 
1983 __.______ 293 140 225 


198844 361 168 294 


Dried, calcined, and activated bauxite. May exclude 
some bauxite mixed in clay products. 


Table 4.—Percent of domestic bauxite 
shipments, by silica content 


SiOz (percent) 1980 1981 1982 1983 1984 
From 8 to 15 62 65 63 W W 
More than 15. 38 35 31 W W 


à W Withheld to avoid disclosing company proprietary 
ata. 
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Table 5.—Production and shipments of alumina in the United States 


(Thousand metric tons) 


Total! 
véir Calcined Other ———————————— 
alumina alumina? As produced  Calcined 
orshipped? equivalent 
Production:“ 
I)) ³¹¹ ü 6,310 720 7,030 6,810 
IJ ⁵ↄð ĩ³ͤ b ĩK PRR CTE RRC 5,490 700 6,190 5,960 
)); ECHO ⁊ᷣ yk y NR DRM y UPPER 3,810 465 4,280 4,130 
J ³o EDEN 8 3.540 680 4.220 4,000 
/CCÄÜ ! ĩ¾˙ dd pe S M E E 4,210 685 4,895 4,680 
Shipments:* 
rr ͥ ³oð—oꝛ¼⁵²¹]¹ A E 6,160 720 6,880 6,660 
JJ . peerage ee See! 5,610 715 6,320 6,085 
r ns t uad ge a ee 3,730 420 4,150 4,020 
jo p TE 3,480 670 4,150 3,945 
|o gg E et hK0ydß nat k a, A es at Gas 4,200 680 4,880 4,675 
“Estimated. 
1Data may not add to totals shown because of independent rounding. 
?Trihydrate, activated, tabular, and other aluminas. Excludes calcium and sodium aluminates. 
3Includes only the end product if one type of alumina was produced and used to make another type of alumina. 
Table 6.—Capacities of domestic alumina plants, December 31 
(Thousand metric tons per year) 
Company and plant 1983 1984 
Aluminum Co. of America: 
Bauxie AR ³o] ꝓSæ⁵ſ ³§¹¹ Add te Ra ets 340 340 
Mali!!! ſ ica cia de 800 om 
Point Comfort, TX .— un mue dd dd LIP LL ig Ek a d a AE ree 1,400 1,400 
J·ÜͤÜ ͤ . ARAM ¼ ¼ ¾˙ “.“ . . Ee Coat 2,540 1,740 
Martin Marietta Aluminum Inc: St. Croix, VI ~_-________-____--_____--_----~--_-- 635 635 
Kaiser Aluminum & Chemical Corp.: 
Batondtouge A. — oda hn nup cem e iA LLL Le LM A Ee er 955 955 
Gramercy: LA «e —.................dd 8 770 770 
/ôö r ⁰³¹O—ö½%⅛ ͤ•it.. ³ð ́ ⁰ꝑyaym dd ʒ CU NOPENCNES 1.725 1.725 
Orinet Corp: Burner Deu 8 545 545 
Reynolds Metals Co.: 
Hurricane Creek. AR... no dd dd d d d ee ac AC 5 
%%% ³ ˙. ę yd ig Pies eurer cu aaa y IM De 1,700 1,700 
T / dd — —— P A 1,700 1,700 
CPT; ³˙¹¹w¹ - ²⁰wmͥ eec msc a v ag ede pee I 7,145 6,345 


1Capacity may vary depending upon the bauxite used. 


CONSUMPTION AND USES 


Approximately 90% of the bauxite used 
was refined to alumina, an estimated 88% 
of which was consumed by primary alumi- 
num plants. Nonalumina uses of bauxite 
accounted for 1.1 million tons of ore, which 
was processed into abrasives, chemicals, 
proppants, and refractories. Nonmetal uses 
of alumina consumed 550,000 tons (calcined 
equivalent) for abrasives, ceramics, chemi- 
cals, and refractories. An average of 2.03 
tons (dry basis) of bauxite was required to 
produce 1 ton of calcined alumina. The only 
domestic bauxite refined to alumina was 
mined by Alcoa at Bauxite, AR, and virtual- 
ly all of this alumina went to nonmetal 
uses. 


General Abrasives Co., a division of 
Dresser Industries Inc., brought its new 
proppant plant at Eufaula, AL, into produc- 
tion in June, and the Norton-Alcoa Prop- 
pant Co. was reported to have increased 
capacity to about 136,000 tons per year at 
its Fort Smith, AR, plant. Demand for 
tabular and substrate alumina increased 
significantly during the year, and Kaiser 
announced the startup in Baton Rouge, LA, 
of a plant to produce high-purity catalyst- 
grade alumina using a gel process. Arco 
Metals Co. planned to start production by 
yearend of high-performance ceramic alu- 
minas at its Tucson, AZ, plant. 

Approximately 4.12 million tons of calcin- 
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ed alumina was consumed by the 27 operat- olite made from alumina were also consum- 
ing domestic aluminum smelters during the ed by the primary aluminum industry. 
year. Aluminum fluoride and synthetic cry- 


Table 7.—U.S. consumption of bauxite, by industry 
(Thousand metric tons, dry equivalent) 


Industry Domestic Foreign Total! 

1983: 
1; ⁵«²˙²“b⅛ ⁵«]1¹ð re Ru d Rd 555 7,720 8,215 
Pl ow ceu t Hie M I tM EE LEM Te ae 135 135 
Chemical. €. nsa . Fr Pe ved i een Sr 348 3281 281 
,, ß a a Dah ee et pte ar 122 240 362 
)))) up A AAAͥͥͥ A 00G ͤ W 48 
Ü ·¹¹ ͥ ͥͥ ·wwPſͥ ! AAA eo EE ee t 724 8,375 9,100 

1984: 
11111 ͥ h ˙ͥ ATA 724 8,741 9, 465 
JJ0ö0)00ôͤĩ%0 ę᷑ĩ?76——rœd1 8 W 328 
J ueni exu se i iu eL ³ð d mE EL Nea che 339 3268 251 
Refractory d p cue ete ca 119 301 420 
)))ö§ÄÜ˙d ca ede mm :. 88 W 56 
iI ³¹˙·ͥmꝛ]¹ʃA Lt as een Lee: 971 9,542 10,519 


W Withheld to avoid disclosing company proprietary data; included with Chemical“ or Total.“ 
1Data may not add to totals shown because of independent rounding. 

Includes consumption by Canadian abrasive industry. 

Includes Other.“ 


Table 8.—U.S. consumption of crude and processed bauxite 
(Thousand metric tons, dry equivalent) 


Domestic Foreign 
Type origin origin Total“ 

1983: 
Crüdeand dried ß ee oe eee 570 718,000 18.571 
Calcined and activated -_—-----------------------—--———— 154 375 529 
%%% (( ie et ee C E Ld Rr E 124 18,375 79,100 

1984: 
Crüde and dried ß y e e 826 9,007 9,833 
Calcined and activated |. 2S2 22222222222 151 535 686 
CR qc TOPIC RE 977 9,542 10,519 

"Revised 


Data may not add to totals shown because of independent rounding. 


Table 9.—- Production and shipments of selected aluminum salts in the United States, 


in 1983 
Total shipments 
including interplant 
N p 55 transfers 
o (thousan : 
Item producing metric W y Value 
plants tons) sand (thou- 
metric sands) 
tons) 
Aluminum sulfate: 
Commercial and municipal (17% Al203) ) 61 1,001 975 $125,516 
Iron-free (17% Al203) ))) 14 82 71 9,038 
Aluminum chloride: 
Liquid and crystal (32° Be ho: 3 W W W 
Anhydrous (100% Al CIů z 4 W W W 
Aluminum fluoride, technical |... ll 3 W W W 
Aluminum hydroxide, trihydrate (100% AlzOs 33H20) . 7 571 566 140,464 
Other inorganic aluminum compounds“: . XX XX XX 35,333 


— —— . — e —— 


W Withheld to avoid disclosing company proprietary data. XX Not applicable. 
Includes sodium aluminate, light aluminum hydroxide, cryolite, and alums. 


Source: Data are based upon Bureau of the Census report Form MA-28A, Annual Report on Shipments and Production 
of Inorganic Chemicals. 
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Table 10.—Stocks of bauxite in the United 
States, i December 31 


(Thousand metric tons, dry equivalent) 


1984 


Sector 1983 
Producers and processors 1552 501 
Consumerss L2 2c 2- 15061 4, 367 
Government 16,326 17,338 
Total- touto ease cs 121,939 22, 206 
Revised. 


Domestic and foreign bauxite; crude, dried, calcined, 
activated; all grades. 
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Table 11.—Stocks of alumina in the United 
States, December 31 


(Thousand metric tons, calcined equivalent) 


Sector 1983 1984 
Producers 238 229 
Primary aluminum plants 11,455 1,485 

Total ete E 8E 11,693 1.714 
*Estimated. "Revised. 


1Excludes consumers’ stocks other than those at pri- 
mary aluminum plants. 


PRICES 


Bauxite and alumina are seldom traded 
on world commodity markets, and contract 
prices are rarely made public. For these 
reasons trade journals list only spot sales 
prices and prices of specialty forms of these 
commodities. | 

The Bureau of Mines estimated the aver- 
age 1984 value of domestic crude bauxite 
shipments, f.o.b. mine or plant, to be $14.97 
per ton. The average value of domestic 
calcined bauxite shipments was estimated 
to be $97.74 per ton. 

The Engineering and Mining Journal 
published monthly prices for imported, cal- 


cined, refractory grade bauxite from Guy- 
ana. The prices per ton quoted for carload 
lots, delivered f.o.b. Baltimore, MD, Mobile, 
AL, or Burnside, LA, were $168.28 in Janu- 
ary and $164.20 in February through De- 
cember 1984. 

Domestic shipments of calcined alumina 
had an estimated average value of $223.80 
per ton. Based on trade data of the Bureau 
of the Census, imported alumina had an 
average value of $218.62 per ton, f.a.s., at 
port of shipment, and $230.90 per ton, c.i.f., 
at U.S. ports. 


Table 12.—Average value of U.S. imports of crude and dried bauxite’ 


(Per metric ton) 


Country 


To U.S. mainland: 
Australia 


1983 1984 
Port of Delivered to Port of Delivered to 
shipment U.S. ports shipment U.S. ports 

(f.a.s.) (c.i.f.) (f.a.s.) (c.i.f.) 
ER ? S $14.76 $23.10 
Li $30.82 $43.48 28.34 38.47 
"v 26.4 35.89 28.85 86.42 
dens 39.13 52.61 36.30 52.11 
EE 29.19 36.04 31.44 36.91 
cm 42.96 52.95 38.22 48.21 
ZA 28.11 31.36 29.79 36.99 


y computed from quantity and value data reported to U.S. Customs Service and compiled by the Bureau of the Census, 


S. Department of Commerce. 
D determine value of individual shipments. 


Not adjusted for moisture content of bauxite or differences in methods used by importers 


Table 13.—Market quotations on alumina and aluminum compounds 
(Per metric ton, in bags, carlots, freight equalized) 


Compound 


Alumina, calcined 
Alumina, hydrated, heavy 
Alumina, activated, granular, works 
Aluminum sulfate, commercial, ground (17% AlzOs) 
Aluminum sulfate, iron-free, dry (17% Al203) 


Jan. 2, 1984 Dec. 31, 1984 


cc es es ee $418.88 $418.88 
Be “ 209.44 209.44 
————— HR! 905.00 905.00 
%%% iU EU. 259.04 259.04 
co 8 439.82 439.82 


Source: Chemical Marketing Reporter. 
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FOREIGN TRADE 


Exports in 1984 included 32,862 tons of 
dried bauxite, of which 21,351 tons went to 
Canada, and 49,372 tons of calcined bauxite, 
which was shipped to Mexico (91%), Cana- 
da, and Belgium. Exports of additional alu- 
minum compounds included 2,789 tons of 
aluminum sulfate, 11,153 tons of aluminum 
oxide abrasives, and 38,065 tons of other 
aluminum compounds, such as aluminum 
fluoride and synthetic cryolite. 

The rank of major suppliers of U.S. crude 
and dried bauxite imports changed from 
that of 1983. Jamaica regained first place 


over Guinea by a small margin, Brazil 
retained third place, and Australia made its 
first shipments to the United States since 
1978 to become the fourth largest supplier. 
Australia became the major source of oth- 
er calcined bauxite" (chiefly abrasive grade) 
imports. 

Calcined abrasive grade bauxite was proc- 
essed in Canada into fused crude aluminum 
oxide that was subsequently shipped to U.S. 
plants for the manufacture of abrasive and 
refractory products. 


Table 14.—U.S. exports of alumina,' by country 


(Thousand metric tons, calcined equivalent, and thousand dollars) 


1982 1983 1984 
Country : 
Quantity Value“ Quantity Value" Quantity Value 

Argentina ---------------- 1 466 (2) 469 1 558 
Belgium- Luxembourg 1 2,183 1 3,138 2 2,616 
e eR: 1 1.230 21 5,881 (2) 268 
Canada - - --------------—-- r106 41,326 r25 19,664 80 37,238 
Fannie r3 4,059 r3 3,474 2 3,412 
Germany, Federal Republic of 3 7,341 3 6,086 3 6,008 
Ghana. 160 29,222 19 3,173 e Ha 

Japan. cla mess 3 8,014 2 4,636 8, 
Mexico 84 24,522 99 29,697 111 33,376 
Netherlands- ________-____~- 1 2,089 r2 2,690 11 4,017 
Norway- - ---------------—- r163 42,385 265 59,794 369 81,228 
Sweden 27 6,589 98 14,147 60 10,350 
United Kingdom "T 8,384 4 4,195 3 4,014 
Venezuela. 22 7,385 52 12.287 4 833 
BEI cud icem ur o rg 11,172 rg 12,588 10 15,127 
Total ots ee 1590 196,370 1602 181.920 659 209, 110 

Revised. 


Includes exports of aluminum hydroxide (calcined equivalent) as follows: 1982— 7,600 tons; 1983—8, 100 tons; and 


1984 — 13,100 tons, and aluminum oxide abrasives. 
2Less than 1/2 unit. 


Data may not add to totals shown because of independent rounding. 


Table 15.—U.S. imports for consumption of bauxite, crude and dried,' by country | 
(Thousand metric tons) 


Australia 
Brazil 
Dominican Republic? 
Guinea 


— — a eee —— ee we 


meee eee ei aie — — ie ee — 


meee HT — — ie — 


— — — —— — —— — — — — ——À — ii — o o o 


— —— om p — — T—— —— T — —— —— — — — — — — — — € — — — — 


1982 1983 1984 

S or 8 560 
P 512 555 786 
FF 163 t m 
FFF 4,198 3,600 3,718 
MC TON 239 167 264 
„ 500 D E 
5 4,080 3,036 8,159 
F 409 239 32⁵ 
F 21 4 15 
7 10,122 7,601 39,428 


Includes bauxite imported to the U.S. Virgin Islands from foreign countries. 


2Dry equivalent of shipments to the United States. 


3Data do not add to total shown because of independent rounding. 


Note: Total U.S. imports of crude and dried bauxite (including the U.S. Virgin Islands) as reported by the Bureau of the 
Census were as follows: 1982 — 11,049,685 tons; 1983—7,903,202 tons; and 1984 — 10, 436, 135 tons. 
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Table 16.—U.S. imports for consumption of calcined bauxite, by country 


(Thousand metric tons and thousand dollars) 


1983 1984 
Country Refractory grade Other grade Refractory grade Other grade 
Quantity Value! Quantity Value! Quantity Value! Quantity Value! 
Australia NT Aes 8 1,116 (3) 281 24 2,928 
China cuni ee 51 4,498 14 2,188 78 7,428 18 1,389 
Guyanaeeee „ 66 9,230 22 2,531 110 14,763 xr are 
Suriname zt X 47 3,940 1 154 (3) 4 
Other Lou esos} a CN 1 78 ENS os (?) 56 
Total® _____________ M7 13,28 92 9,852 190 22,626 42 4,877 
Walue at foreign port of shipment as reported to U.S. Customs Service. 
than 1/2 unit. 
Data may not add to totals shown because of independent rounding. 
Table 17.—U.S. imports for consumption of alumina, by country 
(Thousand metric tons, calcined equivalent, and thousand dollars) 
1982 1983 1984 
Country 
Quantity Value? Quantity Value? Quantity Value? 
Australia 2,707 598,685 3,049 544,322 3,055 593,722 
e Se Ss he 11 511 3 1.565 39 123 
a J 8 130 51,334 159 67,762 204 91,603 
France -.---.-----------—-- 13,183 10,982 9 14,455 
Germany, Federal Republic of- 11 14,341 13 15,797 20 24, 080 
Jamaica . ace... 196 49,651 399 87,973 572 125,974 
Japan oec P E E E M 1 1,243 25 7,927 3,680 
Suriname 117 21,981 318 59,225 392 75,317 
Venezuela |... as. hes 35 4,394 116 15,158 
))) eh a 5 11,109 124 711,073 55 25,253 
Total? x aeos 3,182 770,444 4,030 811,021 4,466 976,364 
"Revised. 


Includes imports of aluminum hydroxide, crude aluminum oxide, and refined and ground aluminum oxide. 


sValue at foreign port of shipment as reported to U.S. Customs Service. 
3Data may not add to totals shown because of independent rounding. 


WORLD REVIEW 


In 1984, 24 countries produced 84.7 mil- 
lion tons of bauxite, an increase of 7% 
compared with 1983 production. Four coun- 
tries, Australia, Guinea, Jamaica, and Bra- 
zil, in order of volume, contributed 67% of 
the total bauxite mined. World alumina 
production by 25 countries increased to 33 
million tons, 10% greater than 1983 output 
and the highest level since 1980. Australia, 
the United States, and the U.S.S.R. account- 
ed for 50% of total production. 

Australia.—Bauxite and alumina produc- 
tion set new records in 1984, and annual 
alumina capacity was increased by 1.84 
million tons during the year by the opening 
of two new refineries and the expansion of a 
third. The annual capacity of the Queens- 
land Alumina Ltd. refinery at Gladstone 
was increased from 2.4 to 2.74 million tons 


per year. Comalco’s mining operations at 
Weipa, Cape York Peninsula, produced 9.1 
million tons of bauxite and shipped 8.5 
million tons. Rotary kilns at Weipa pro- 
duced 225,800 tons of calcined abrasive 
grade bauxite, and a portion of this was 
used in the production of proppants for the 
petroleum industry market. Comalco in- 
creased its interest to 37.5% in the Eurallu- 
mina S.p.A., Sardinia, alumina plant, a 
consumer of Weipa bauxite exports. The 
company also started work on a kaolin 
processing plant at Weipa that is to be 
supplied from the clay deposits underlying 
the bauxite ore. 

Nabalco Pty. Ltd., the Swiss Aluminium 
Ltd. (Alusuisse) subsidiary at Gove, North- 
ern Territory, reported bauxite production 
of 5.9 million tons and alumina production 
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of 1.26 million tons, slightly in excess of the 
plant's rated 1.2-million-ton capacity. 
Australia's major aluminum industry ex- 
pansion took place in the State of Western 
Australia, where annual alumina capacity 
increased by 1.5 million tons to a total of 5.3 
million tons. In February, Alcoa of Austra- 
lia Ltd. (Western Australia) started oper- 
ation of the 500,000-ton-per-year Wagerup 
refinery, and in May, the 1-million-ton-per- 
year Worsley Alumina Pty. Ltd. plant start- 
ed production. Worsley Alumina is owned 
by Reynolds Alumina Australia Ltd. (40%), 
Shell Co. of Australia Ltd. (3090) BHP 
Minerals Ltd. (20%), and Kobe Alumina 
Associates (Australia) Pty. Ltd. (10%). Both 
the Wagerup and Worsley plants move 
their alumina by rail to the Port of Bunbury 
for ocean shipment since there are no smelt- 
ers in Western Australia. A discovery of 
gold in the bauxite ore at the mine near 
Boddington that supplies the Worsley plant 
offers a potentially economic coproduct. 
Feasibility studies on gold recovery are 
being carried out by Worsley Alumina. 
Brazil.—Brazil's annual alumina capaci- 
ty increased by 500,000 tons to a total of 1.15 
million tons. The Alumínio do Maranháo 
S.A. (ALUMAR) refinery-smelter complex 
at São Luís do Maranhão began producing 


alumina in May and primary aluminum in 


July. This $1,300 million first stage of the 
ALUMAR project included a 500,000-ton- 
per-year alumina plant and a 100,000-ton- 
per-year reduction plant. Bauxite ore from 
the Mineração Rio do Norte S.A. (MRN) 
mine on the Trombetas River was supplied 
to the refinery, and ALUMAR shipped 
40,000 tons of alumina in October from Sáo 
Luís to Alcoa's Vancouver, WA, smelter. In 
July, soon after the smelter startup, the 
partners announced plans to increase the 
smelter capacity to 245,000 tons per year, in 
part financed by the sale of as much as $240 
million in Alcoa Alumínio do Brasil S.A. 
Stock over a 2-year period to Construcoes e 
Commércio Camargo Correa S.A., a large 
Brazilian construction firm. Billiton Metais 
S.A. planned a limited participation in the 
expansion, and its share in the project could 
be reduced to 28% by 1986. MRN expanded 
the Trombetas mine capacity in 1984 from 
3.5 to 4.5 million tons per year, primarily to 
fulfill its new 10-year, $300 million contract 
to supply ALUMAR with 1.1 million tons 
per year of crude bauxite. At yearend, MRN 
placed an order for an 8.5-megawatt power 
station designed to burn wood. The plant is 
to use Outokumpu Oy's fluidized-bed tech- 
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nology and will replace a diesel unit at the 
Trombetas operation. Cia. Vale do Rio Doce 
(CVRD) announced the discovery of a 50- 
million-ton bauxite deposit similar in grade 
to the Trombetas ore and located near the 
Carajás-Sáo Luís Railway line. The Voto- 
rantim Group shelved plans to build a new 
smelter in the Amazon Basin after locating 
a new 60-million-ton bauxite deposit at 
Cataguases, Minas Gerais, near its present 
plants. 

The Alumínio Brasileiro Ltda. (ALBRÁS) 
joint smelter project of CVRD (60%) and 
Nippon Amazon Aluminum Co. (40%) was 
under construction near Belem, Pará, and 
was expected to start up late in 1985. 
Construction of an 800,000-ton-per-year alu- 
mina plant Alumina do Norte do Brazil S.A. 
planned for the same site has, however, 
been postponed indefinitely, and alumina is 
expected to be purchased to supply the 
ALBRAS smelter. 

China.—The aluminum industry of China 
was situated in the four Provinces of Shan- 
dong, Zhengzhou, Guizhou, and Shanxi, 
where there were reportedly 9 operating . 
bauxite mines, 4 alumina plants, and 30 
primary aluminum plants. Although the 
per capita aluminum consumption was only 
slightly above 1.1 pounds compared with 60 
pounds in the United States in 1983, produc- 
tion did not meet demand because the 
plants were outdated and suffered from 
equipment breakdowns and raw material 
and power shortages. In 1984, China import- 
ed bauxite, alumina, and primary alumi- 
num to supplement domestic production. 
The Government announced plans to con- 
struct at least one new plant each year until 
a level of self-sufficiency is reached. 

In July, Kobe Steel Ltd. of Japan and the 
Nonferrous Metal Industry General Corp. of 
China formed a joint venture company that 
was to increase production capacity of raw 
materials, smelters, and metal fabrication 
of the aluminum and other nonferrous in- 
dustries. Pechiney of France announced 
that it would provide technical assistance in 
a bauxite-mine-refinery-aluminum-smelter 
complex. planned in Pingguo County, 
Guangxi Zhuang Autonomous Region. 
Large local bauxite deposits were to be 
developed and a 300,000-ton-per-year refin- 
ery and a 100,000-ton-per-year primary alu- 
minum plant were to be constructed. The 
Japanese firms Nissho-Iwai Corp. and Nip- 
pon Light Metal Co. Ltd. were also to 
provide engineering and technology for this 
$1,200 to $1,600 million project. During the 
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last quarter of 1984, China reported the 
discovery of a new 100-million-ton bauxite 
deposit in Zunyi County, Guizhou Province. 

Ghana.—The rail line between the baux- 
ite mine at Awaso and the Port of Takoradi 
collapsed in April, forcing the Ghana Baux- 
ite Co. (owned by British Alcan Aluminium 
Ltd.) to stop mining until a 75,000-ton back- 
log of ore could be moved to the port. The 
railroad was reported to be back in oper- 
ation at the end of the year. An agreement 
was concluded between Ghana and the 
U.S.S.R., in which the U.S.S.R. was to pro- 
vide a loan to rehabilitate a number of 
projects in Ghana and to aid in developing 
the Kibi bauxite deposits in the eastern 
region of the country. 

Guinea.—Bauxite production at the 
Soviet-managed Office des Bauxite de Kin- 
dia (OBK) mine exceeded 3 million tons for 
the first time in the mine's history, and 
total production from all mines in Guinea 


was the highest since 1979. Martin Marietta 


sold 6% of it's 14% share in Halco (Mining) 
Inc. to Reynolds, reportedly giving Reynolds 
rights to take about 518,000 tons of bauxite 
per year through 1993 and 218,000 tons in 
1994 and 1995. Under the new consortium 
structure, the Government of Guinea con- 
tinued to hold 49% of Compagnie des Baux- 
ites de Guinée (CBG), and the 51% con- 
trolled by Halco is owned by Aluminum Co. 
of Canada Ltd. (27%), Alcoa (27%), Pechi- 
ney (10%), Vereinigte Aluminiumverke AG 
(10%), Martin Marietta (8%), Billiton Alu- 
minum BV (6%), Montecatini Edison S.p.A. 
(6%), and Reynolds (6%). A group of French 
banks agreed to extend credit valued at 100 
million French francs to CBG for the pur- 
chase of French equipment and services for 
the bauxite mining operations. The Soviet 
Union agreed to lend Guinea 95 million 
rubles to renovate the OBK bauxite mine at 
Kindia, and Frialco Co. reported that it had 
obtained a loan from the European Invest- 
ment Bank to upgrade the quality of the 
company’s alumina product. 

Guyana.—A countertrade agreement was 
reportedly signed in the first quarter of the 
year with Raznoimport Association, the 
U.S.S.R, in which Guyana would exchange 
50,000 tons of bauxite for Soviet tractors 
and other equipment. Green Construction 
Co., based in the United States, continued to 
strip overburden at the East Montgomery 
Mine under Government contract, and the 
state-owned Guyana Mining Enterprise Ltd. 
completed major repairs on the eight rotary 
calcining kilns at Linden. The alumina 
plant at Linden remained shut down, but 
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bauxite production increased in 1984, and 
Guyana marketed abrasive, cement, chemi- 
cal, metallurgical, and refractory grades of 
bauxite. 

Jamaica.—Nearly one-half of the 8.735 
million tons of bauxite produced during the 
year was shipped to the island’s four alumi- 
na plants. The balance was exported to the 
U.S. refineries of Kaiser and Reynolds (2.9 
million tons), to U.S. Government stockpiles 
(0.9 million tons), and to the Soviet Union 
(0.8 million tons). For Reynolds, these were 
the final shipments of bauxite before it 
permanently closed Reynolds Jamaica 
Mines Ltd. mining operations at Lydford, 
St. Ann. 

After months of negotiations between the 
Government and the aluminum companies, 
agreement was reached in April on a new 
bauxite production levy that would apply 
retroactively to production from January 1, 
1984. Under the new agreement, the aver- 
age levy plus royalty was to be about $16 
per ton compared with about $17 per ton in 
the previous 5-year contract. The new levy 
plan provided an incentive for increased 
production levels, which reportedly could 
reduce the levy to about $13 per ton. The 
base rate for the levy is 6% of the annual 
average realized price for primary alumi- 
num, as reported by the companies to the 
U. S. Internal Revenue Service. 

The Alumina Partners of Jamaica refin- 
ery was shut down on June 1 for about 10 
weeks by a strike over a wage dispute. At 
the same time, ARCO Metals Co. announced 
that it was seeking a buyer for its 27% 
interest in the  1.2-million-ton-per-year 
plant. In view of the oversupply of alumina, 
neither of the other two partners, Kaiser 
and Reynolds, nor any outside aluminum 
company, was reported to have expressed 
interest in the purchase. The Governments 
of Colombia and Jamaica signed a prelimi- 
nary agreement to construct a primary 
aluminum plant in Colombia that would 
utilize local coal for low-cost power genera- 
tion and alumina from Jamaica. 

Suriname.—Despite mine closings in Jan- 
uary and September, brought about by dis- 
putes over wages and increased income 
taxes, bauxite production increased about 
20%. The Suriname Aluminum Co. (SUR- 
ALCO), an Alcoa subsidiary, closed the 
nearly depleted Lelydorp mine near the 
Paranam alumina plant but continued min- 
ing operations at Moengo, 70 miles east of 
the plant. SURALCO began to draw on its 
newly acquired 24% rights to higher quality 
ore from the NV Billiton Maatschappij 
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Suriname mine in the Pará District. Be- 
cause SURALCO had discontinued cal- 
cining abrasive and refractory grade baux- 
ite in 1983, all 1984 bauxite production in 
Suriname was metal grade ore for export or 
for local refining to alumina. 
Venezuela.—The new administration 
that took office in February reactivated 
plans to develop the Los Pijiguaos bauxite 
deposits near the Orinoco River. Bauxitas 
Venezolana C.A., the state bauxite compa- 
ny, was allocated funds to design the combi- 
nation conveyor belt, rail, and barge system 
to transport the bauxite 400 miles from the 
minesite to the Interamericana de Alumina 
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C. A. INTERALUMINA) refinery in Puerto 
Ordaz. Initial production of 1 million tons 
per year from the 235-million-ton deposit 
was scheduled to start by yearend 1986, and 
full production of 3 million tons per year 
was planned by yearend 1987. Depending on 
demand, ultimate production could reach 
4.5 million tons per year. The INTERALU- 
MINA refinery started operation in 1983, 
using bauxite supplied from Brazil, Sierra 
Leone, and Suriname. During 1984, the first 
full year of operation, the Alusuisse-de- 
signed plant exceeded the 1.1-million-ton- 
per-year rated capacity. 


Table 18.—Bauxite: World production, by country! 


(Thousand metric tons) 


Country 1980 1981 1982 1983” 1984° 

Australia ~- ----------------—---———- 127,179 125,441 23,625 24,540 29,300 
Brazil ic oA t LLL Ep 5,538 5,110 6,289 7,199 5,239 
China aca ]oÜẽꝛ acus Le cu ET. 1,500 1,500 1,500 1,600 1,600 
Dominican Republic? _________________~_ 606 457 141 d n 
FONG oo a YK ee e eL ee 1,921 11,827 1.662 1.716 1.528 
Germany, Federal Republic off (3) (3) (3) (3) 3) 

HANS 5-5 ne y eL 225 181 64 10 115 
)00öö noun e ed uc cu 3,286 3,216 2,853 2,455 2,800 
Guinea" 2 noi ⁰ ee 11,862 11,112 11,827 12,421 513,160 
QUuyaha* ns oe ß eee 1,844 1,681 1,783 1,791 51,556 
Hat. lu s emo eset el 312 421 377 sik ape 
Hun 8 2,950 2,914 2,627 2,917 52,994 
Indid 2 Llc ucc c t Luis 1.785 1.923 1,854 1,923 1,994 
Inden??? eee 1,249 1,203 700 778 942 
/ ⁰ ⁰w... OS 23 19 23 23 10 
Jamaica? 7 A LL 12,054 11.682 8.361 7, 683 58,734 
Malaysia n x 88 92 701 589 502 657 
Pakistan. c ö; e A er LL 2 1 4 4 
ROMANIA ĩ² ˙AàAàAàA].. 8 710 €712 €680 650 620 
Sierra Leone _—---------------------- 766 *610 606 600 51,000 
Spain- - ------------------------——- rg 9 1 5 6 
p isl Mew m T 4,646 4,100 3,059 2,886 53,454 
juil ——— Á—— EP RH 533 515 508 296 5128 
USSRt'T?....- . 4,600 4,600 4,600 4,600 4,600 
United States? cu nomeu 1,559 1,510 132 679 856 
Yugoslavia ——- anu RARE eC 3,138 3,249 3,668 3,500 3,347 
Zimbabwe =... . ee asus 4 23 20 

// 6 - RR 189,220 85, 426 78,144 


Estimated. Preliminary. Revised. 

Table includes data available through July 2, 1985. 
bauxite equivalent of crude ore. 

Less than 1/2 unit. 

“Dry bauxite equivalent of ore processed by drying plant. 

5Reported figure. 

*Shipments. 


18,861 84,664 


"Bauxite processed for conversion to alumina in Jamaica plus kiln-dried ore prepared for export. 
ein addition to the bauxite reported in the body of the table, the U.S.S.R. produces nepheline syenite concentrates and 


alunite ore as sources of aluminum. Estimated 


nepheline syenite production was as follows, in thousand metric tons: 


1980—2,500; 1981— 2,500; 1982— 2,500, 1983— 2,500; and 1984— 2,500. Estimated alunite ore production was as follows, in 
thousand metric tons; 1980—600; 1981—605; 1982—605 (revised); 1983—615; and 1984—615. Nepheline syenite 
concentrate grades 25% to 30% alumina, and alunite ore grades 16% to 18% alumina; these commodities may be 
converted to their bauxite equivalent by using factors of 1 ton of nepheline syenite concentrate equals 0.55 ton of bauxite 
and 1 ton of alunite equals 0.34 ton of bauxite. 
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Table 19.—Alumina: World production, by country? 


(Thousand metric tons) 


Country? 1980 1981 1982 1983P 1984* 
Australia. . un 1,246 7,079 6,631 7,231 48,390 
razil ei a EA 1517 497 606 787 800 
Canada ͥ ³Ü 0A le n 1,202 1,208 1,127 1,116 41,126 
Chins ees 750 750 800 800 
Czechoslovakia ____________________~_ 100 100 100 100 100 
i ae ee oo E 1,173 1,095 960 853 850 
German Democratic Republic - - -- -------——- 43 r45 46 42 43 
Germany, Federal Republic of 1,608 1,651 1,510 1,580 1,650 
Greece. uc AAA T i Lote 494 490 420 r €410 410 
Gi 708 608 549 583 4508 
Guyana 1214 1157 73 ed 
Hungaly- ou uei ee 805 192 710 836 4839 
India _________________________ 500 500 500 450 560 
Ireland -2 nos Ll 9 66 4654 
RP ⁵ðſ ĩͤ K E 900 786 698 476 750 
, e e REI 2,456 2,556 1,758 1,907 1,690 
7 ͤͤͤͤ²²ꝛ ⁰ym y d 1,936 1.344 959 1,065 41,172 
Romania®_________________________ 534 540 514 F512 510 
bas lcd es Auk ee 58 695 672 *650 6 
Suriname ___________~________-_____ 711,329 11,165 1.055 1.129 41,208 
J77õõͤ³Ü”5üA.. ĩͤ K ͤ K E (8) (ê) (8) m s 
T cu eee e e uae 138 131 84 57 80 
USSR 2: uw cecus 8 2,100 2,800 3,000 9,200 3,300 
United Kingdom 10 90 7 
United States 6,810 5,960 4,130 4,000 4,680 
Venezuela EM a ee 560 1,130 
Yugoslavia -—----------------—---——- 1,058 1,037 1,017 r €1,015 1,000 
Total. 42e ano eee her r 733,382 732,016 28,0077 29,518 32,980 


“Estimated. Preliminary. "Revised. 

1Figures presented generally represent calcined alumina; exceptions are noted individually. 

Table includes data available through July 2, 1985. 

In addition to the countries listed, Austria produces alumina (fused aluminum oxide), but output is entirely for 
abrasives production. Output totaled 28,223 metric tons in 1973; production data subsequent to 1973 are not available. 

*Reported figure. 

5Calcined alumina, plus calcined alumina equivalent of alumina hydrate. 


Revised to zero. Data published in previous editions of this table were found to be imports and as such were duplicative 
of production reported for other countries. 
Data do not add to total shown because of independent rounding. 


Table 20.—World annual alumina capacity, by country 
(Thousand metric tons, yearend) 


Country 1982 1983 1984 
BUSCADAS ]³ ? nS co o d Add 7,840 7,910 9,750 
Brazil scat et a ahs et Car el ĩð v ts hace 8 540 T650 1,150 
PPPPPPPPPPPPPPPP Pw ww i Er ³ R ees 1,225 1,225 1,225 
Chia: cess uu ß x ty 1850 1850 
Czechoslovakia c Luo ðxddſ/ esters ce 100 100 100 
INSU eo eta ß ę en d ß ten Edi 1,320 1,320 1,320 
German Democratic Republica „ 65 65 65 
Germany, Federal Republic ock „„ 1,745 1,745 1,745 

CC Eae Sh oL a m ⁵ 8 500 500 500 
hr ³ð 700 700 700 
% ⅛˙»m. ⁰mmt dßd eh ore eee a 355 355 355 
Hungary. c tinc ͥͥ i uri M i 895 895 895 
1111 e rea Sa Se SUE nies em iuc deos 675 675 675 
Ireland «unum ³³˙à³A ͤ eee ee ui Le. PAM 800 800 

| eee rp psp e E PRO EE 8 920 920 920 
C1177 oue cu -m y yh M RA 2,825 2,825 2,825 
JP IMEEM 2,615 2,615 2,615 
Im ͥͥ Vvddddd ELLE A LET 540 
/ dd ail et ⁰²6m CA MERE IA S ts 800 800 800 
S t oo c oL ]5;ç ⁰ytms 8 1,350 1,350 1,350 
%%% ³˙· Üꝗ ͥ ³ ÄA˙¹⁰¹.ww-w-- yd y e ue Ad 160 160 0 
7!!! ͥ ͥ ³·˙Ü¹w dd ðẽ86-A] G 200 200 200 
Jö(C(ö;öĩ;ʃUc ⁵ ð g yd ⁵⁵ ß y k ny ate CEE 4, 500 4, 500 4, 500 
United Kingdom —— ⁵ĩ˙’.¹ ⁵⅛² 6 ³ ͥ ⁰⁰⁰⁰d ß 8 140 140 140 
lll ³Ü-wm». ö; »r- v 8 7,495 7,145 6,345 
erf ⅛xm LL A x 1. 1, 
hh as at E 8 1,635 1,635 1,635 

d A E PER RE ef a OOP ð ND . ĩ 739,990 141, 620 43,160 


eEgtimated. Revised. 
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TECHNOLOGY 


The joint research project established be- 
tween ARCO and Alcoa in 1983 continued 
work in 1984 to perfect a hydrochloric acid 
leach process to produce aluminum chloride 
from kaolin clay and to improve the fluid 
bed reactor and electrolytic refining stages 
of the Alcoa Smelting Process for the pro- 
duction of primary aluminum. Limited pro- 
duction of aluminum trichloride and other 
metallic chlorides was reported at the new 
Vacherie, LA, plant operated by Armant, a 
Louisiana limited partnership, using the 
Toth Aluminum Corp. carbochlorination 
process on Georgia kaolin clay. The next 
stage planned for development was to be the 
production of high-purity alumina for abra- 
sives, electronic substrates, ceramics, and 
other specialty uses by oxidizing the alumi- 
num chloride to aluminum oxide. 

A study completed in 1984 by Kaiser 
Engineers & Constructors Inc. for the Elec- 
tric Power Research Institute (EPRD, Palo 
Alto, CA, concluded that recovery of alumi- 
na and other minerals from coal fly ash 
would generate a 25% to 35% return on 
investment. The study considered the feasi- 
bility of a $200 million plant using a process 
being developed for EPRI by Oak Ridge 
National Laboratory to treat 1 million tons 
of fly ash per year to produce 150,000 tons of 
alumina plus iron oxide, gypsum, and alkali 
sulfates. The ash tested was from the Kings- 


ton, TN, powerplant of the Tennessee Val- 
ley Authority.* 

Research by the Bureau of Mines on 
nonbauxite resources for aluminum produc- 
tion centered on methods for producing 
anhydrous aluminum chloride from kaolin- 
itic clays. Processes examined included 
leaching raw and calcined clay with hydro- 
chloric acid of different strengths and with 
various concentrations of aluminum chlo- 
ride solution to form hydrated aluminum 
chloride compounds. A paper reviewing 
current and recent research by the Bureau 
and others on nonbauxitic alumina technol- | 
ogy and containing an extensive list of. 
references was presented at the 1984 SME- 
AIME Bauxite Symposium in Los Angeles, 
CA. 


Physical scientist, Division of Nonferrous Metals. 

2Mineral data assistant, Division of Nonferrous Metals. 

All quantities in this chapter are given in metric tons 
unless otherwise specified. 

*Chemical Engineering. Recovery of Alumina and Other 
Minerais Prom Coal Flyash Could. be Profitable. Aug. 20, 

P 

5Bremner, P. R., L. J. Nicks, and D. J. Bauer. A Basic 
Chloride Method for Extracting Aluminum From Clay. 

BuMines RI 8866, 1984, 8 pp. 

Sorensen, R. F., and L. Sawyer, Jr. Alumina Mini- 
plant Operations- Separation of Al Aluminum Chloride Liq- 
uor From Leach Residue 2 Horizontal Belt Filtration. 
BuMines RI 8831, 1984, 44 p 

Barclay, J. A. Current Status or R R&D on Alumina From 
Domestic lonbauxiti Resources. Ch. in Proceedings of the 
1984 Bauxite Symposium (Los Anedda. CA, Feb. 26-Mar. 1, 
1984), ed. by L. Toob cob Jr. Soc. Min. Eng. AIME, New York, 
Mar. 1984, pp. 165-199. 


Beryllium 


By Deborah A. Kramer! 


Domestic and imported beryllium ore con- 
centrates were converted to alloys of other 
metals, ceramics, and beryllium metal by 
the domestic beryllium industry. Consump- 
tion of concentrates increased as demand 
increased in several end-use markets. The 
increase in demand was met in part by 
withdrawals from stocks of concentrates. As 
a result of increased demand in several end- 
use sectors, a major U.S. beryllium produc- 
er completed expansions and announced 
plans for future expansions of its manu- 
facturing facilities. 

Imports of beryl decreased sharply from 
those of 1983, but imports of beryllium 


metal increased significantly. Exports of 
berylium materials increased slightly. 
World production of beryllium raw materi- 
als declined slightly in 1984. 

Domestic Data Coverage.—Domestic pro- 
duction data for beryllium are developed by 
the Bureau of Mines from two: separate, 
voluntary surveys of U.S. operations. Typi- 
cal of these surveys is the Beryllium Miner- 
al Concentrate and Beryllium Ore survey. 
Of the 14 operations to which a survey 
request was sent, 12 responded, represent- 
ing 100% of the total production shown in 
tables 1 and 4. 


Table 1.—Salient beryllium mineral statistics 
(Short tons unless otherwise specified!) 


United States: 
Beryllium mineral concentrates: 


Shipped from mines 
Imports for consumption _________________- 
Consumption! ___________________ ____- 
Price, approximate, per short ton unit BeO, imported 
cobbed beryl at port of exportatioůn 
Yearend stocks 


“Estimated. Preliminary. Revised. 


1980 1981 1982 1983 1984 
Sg 71,449 7,334 5,451 6,665 6,030 
d 1,703 2,138 2,652 2,194 1,332 
ids 8,508 8,141 5,387 6,989 9,003 
nc $69 $94 $121 $126 $88 
Zi 1,350 2,223 9,112 1,037 9,653 
PX 110,272 110,579 8.875 P10,335 29,670 


! Includes bertrandite ore that was calculated as equivalent to beryl containing 11% BeO. 


Legislation and Government  Pro- 
grams.—At yearend, Government stocks 
were the same as those of 1983: beryl ore, 
17,987 short tons; beryllium-copper master 
alloy, 7,387 tons; and beryllium metal, 229 
tons. The National Defense Stockpile goals 
for these materials remained at 18,000 tons, 
1,900 tons, and 400 tons, respectively; The 
General Services Administration, in an 
amendment to a 1983 contract, awarded a 
contract to Brush Wellman Inc. to sell the 
Government 30 tons of beryllium metal by 
yearend 1985, for inclusion in the National 
Defense Stockpile. 


Beryllium occupational and health stand- 
ards promulgated by the Occupational Safe- 
ty and Health Administration in 1975 were 
still pending in 1984. A draft document 
reviewing and evaluating new health ef- 
fects information on beryllium that became 
available since 1973, was prepared by the 
Environmental Protection Agency for use 
in reviewing and revising emission stand- 
ards for beryllium under the Clean Air Act.? 

Depletion allowances of 22% for domestic 
production and 14% for U.S. companies 
producing from foreign sources were provid- 
ed by Federal income tax laws. 
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DOMESTIC PRODUCTION 


Shipments of beryllium mineral concen- 
trates from mines in 1984 declined slightly 
from those of 1983. Domestic production of 
beryllium-copper master alloy increased 
significantly, but production of beryllium 
metal and beryllium oxide ceramics declin- 
ed slightly. | | 

Brush Wellman remained the only major 
commercial producer of beryllium concen- 
trates. Brush Wellman mined bertrandite 
ore at Spor Mountain, UT, and processed it 
into beryllium hydroxide at its processing 
plant near Delta, UT. A small quantity of 
beryl also was mined domestically. 

Significant expenditures to increase ca- 
pacities of its beryllium-copper alloy and 
beryllia ceramic manufacturing facilities 
were announced by Brush Wellman during 
the year. Brush Wellman announced plans 
to spend $57 million to nearly double its 
manufacturing capacity for  beryllium- 
copper strip, reportedly owing to the in- 
creasing use of this material in electronic 
devices. Of this $57 million, $30 million was 
allocated for new casting furnaces, rolling 
equipment, and other facilities at the El- 


more, OH, plant; $15 million for con- 
structing the first finishing mill in the 
Federal Republic of Germany; $10 million 
to improve its finishing mill at the Reading, 
PA, plant; and $2 million to upgrade ware- 
houses. Plans for an expenditure of $10 
million also were announced to install addi- 
tional beryllia ceramic production equip- 
ment at existing plants in Tucson, AZ, 
Hampton, NJ, and Newburyport, MA. 

Brush Wellman also announced plans to 
spend $4 million to construct facilities to 
reclaim beryllium and copper from waste 
materials at its Elmore, OH, plant. 

The Cabot Corp., Cabot Berylco Div., con- 
tinued to produce beryllium-copper and oth- 
er beryllium alloys at its plant in Reading, 
PA, from domestic and imported ores. Cabot 
completed a $16 million metalworking plant 
in Elkhart, IN, having the capability to 
produce beryllium-copper strip up to three 
times wider than that produced at the 


‘company’s Reading, PA, plant. Cabot con- 


tinued rolling operations at its Kokomo, IN, 
and Reading, PA, plants. 


CONSUMPTION AND USES 


Beryllium mineral concentrate consump- 
tion in 1984 increased significantly from 
that of 1988 and reached its highest level 
since 1979, owing to increased demand by 
several markets. This increased demand 
was met in part by withdrawals from inven- 
tories. 

Copper-based beryllium alloys, containing 
about 2% beryllium, were the most widely 
used beryllium products. Physical proper- 
ties of these alloys, such as high thermal 
conductivity and good resistance to corro- 
sion and fatigue, allow them to be used in 
a wide range of applications in the forms 
of bar, plate, rod, strip, tube, and wire. 
Beryllium-copper alloy strip primarily was 
fabricated into connectors, springs, and con- 
tact parts for use in items such as automo- 
tive and aerospace devices, radar and com- 
munications equipment, computers, home 
appliances, instrumentation, and control 
systems. Beryllium-copper alloy round prod- 
ucts, which include rod, tube, and wire, 
were used in oil and gas exploration equip- 
ment for dril bushings and bearings, 


drill collars, and instrument housings. Ma- 
rine applications of the round products 
included housings for undersea communica- 
tions signal boosters, and industrial applica- 
tions included bearings and bushings for 
heavy machinery. Beryllium-copper alloy 
bar and plate were used in systems such as 
robotic welding machines and materials 
handling devices. 

Beryllium metal was used mainly in aero- 
space and defense applications such as opti- 
cal systems for satellites and guidance sys- 
tems. Metallic beryllium's high stiffness-to- 
weight ratio, light weight, and excellent 
thermal conduction properties were impor- 
tant for these applications. 

Beryllium oxide ceramic material with its 
high thermal conductivity, mechanical 
hardness and strength, and electrical insu- 
lation was used primarily by the electronics 
industry. Uses for these products include 
substrates for high-performance computers, 
microwave systems, automotive and defense 
electronics, and telecommunications sys- 
tems. 
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PRICES AND SPECIFICATIONS 


Throughout 1984, Metals Week quoted 
the price range for beryl ore at $100 to $120 
per short ton unit. 


Vacuum cast ingot, 97% pure 

Metal powder, in 5,000-pound lots and 
rr oue ee 178 

Beryllium-copper master alloy. . _ _ _ — 


At yearend, the American Metal Market Beryllium-copper casting alloy $4.95- 5.55 
quoted the following prices for beryllium Beeline in VV 1710 
materials, in dollars per pound, except for Beryllium aluminum alloy, in 100,000- 

i : As pound lots 230 
beryllium-copper master alloy, which is in Beryllium oxide powder___________ 52.50 
dollars per pound of contained beryllium: 

FOREIGN TRADE 
Exports of beryllium increased slightly in beryllium compounds, totaling — 43,238 


quantity from those in 1983, but the total 
value declined. France, Japan, and Italy, in 
descending order of receipts, were the pri- 
mary destinations. 

Beryl was the only beryllium mineral ore 
imported into the United States. Imports of 
beryl declined sharply, with Brazil and 
China as the largest suppliers. The average 
value of the imported ore decreased from 
about $1,256 per ton in 1983 to $884 in 1984. 
In addition to the imports of beryl, 70,640 
pounds of wrought, unwrought, and waste 
and scrap beryllium metal valued at 
$702,272 was imported, primarily from Bra- 
zil. Smaller quantities, in decreasing order 
of receipts, were imported from the United 
Kingdom, the Federal Republic of Ger- 
many, Hong Kong, and Japan. Imports of 
metal increased almost fourfold from those 
of 1983 owing to increased demand. Imports 
of beryllium oxide or carbonate and other 


pounds and valued at $127,672, were receiv- 
ed from Belgium, the United Kingdom, and 
the Federal Republic of Germany. 

Beginning January 1, 1984, the U.S. im- 
port duties for beryllium were as follows: 
beryllium ore and concentrate (TSUS 
601.09), free for all nations; unwrought 
beryllium, waste and scrap (TSUS 628.05), 
8.5% ad valorem for most favored nations 
(MFN) and 25% ad valorem for non-MFN; 
wrought beryllium (TSUS 628.10), 9% ad 
valorem for MFN and 45% ad valorem for 
non-MFN; beryllium-copper master alloy 
(TSUS 612.20), 7.7% ad valorem for MFN 
and 28% ad valorem for non-MFN; berylli- 
um oxide or carbonate (TSUS 417.90), 3.7% 
ad valorem for MFN and 25% ad valorem 
for non-MFN; other beryllium compounds 
(TSUS 417.92), 4.2% ad valorem for MFN 
and 25% ad valorem for non-MFN. 


Table 2.— U.S. exports of beryllium alloys, wrought or unwrought, 
and waste and scrap,' by country 


Country 


Finland ee ³˙wü 8 
·ĩöÜfm?ꝛ?;8 y y 
Germany, Federal Republic of _.________________- 
Hong Kong... ——————— mmu CR A E de 
JJ! UE mL LE RUM e 


Portugal 2 = eee 5 E 
Switzerland _____________________________._ 
AIWAN eee er cals as ⁰¹wwwrr et ee ad cs 


1983 1984 

Quantity Value Quantity Value 
(pounds) (thou- (pounds) (thou- 
sands) sands) 
7 487 $5 79 81 
F TM ES 1,125 8 
SAONE 1,129 384 2,824 208 
. 5,130 9 LE. "S 
5 55 6 zs 
6 196 20 47 6 
FC 13,289 1,246 8,062 937 
FF 1.261 310 2,621 325 
rendus E. na tas aes EE 3,114 32 
E ouf cd E e P i ec 100 l 
V 48 2 1.497 26 
o pur = 246 4 
UA eee ee 343 6,726 52 
3 5,137 378 7,386 609 
F 2,561 33 772 34 
E 231 3 1.227 12 
POTERE 9 23 4 15 
Lus EAT ead d E 150 1 490 7 
5 4,886 126 433 23 
Dc E E e RUE t Nm 1,051 14 
eU Er ere 2,553 137 1,493 246 

17 12 3 12 
C 37,477 2.693 39,315 2,562 


“Consisting of beryllium lumps, single crystals, powder; beryllium-base alloy powder: and beryllium rods, sheets, and 


wire. 
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Table 3.—U.S. imports for consumption of beryl, by country 
. 1988 1984 

Country Quantity Value Quantity Value 

(short (thou- (short (thou- 

tons) sands) tons) sands) 
Australi S e exti ct ³ĩðA—wm LLL 8 14 $26 mm 
/ eru A did ⁵ 8 1.006 1.217 744 8680 
Child zo costo ee ds NR 188 1,030 264 238 
Hong Kann‘ EU RES muda ce diea 32 40 um aoe 
Madagascar ui ß es be ne er eae 33 22 zt So 
! cc a eee ates eee 8 E 33 31 
South Africa, Republic oůoùʒ HK 128 188 93 58 
Switzerland -oa See coins en 1 eg eS od ens a rea cs 165 200 112 98 
J A/ ³Ü¹mà ³ð2à wmtk 8 9 11 — Em 
77 ceu oA e lec ³ - eat EMI IE 19 21 86 12 
/ Re cU cce xy a ee ad 2,194 2,155 1,332 1,177 

WORLD REVIEW 


Including its production of bertrandite, 
the United States was the world’s largest 
producer of beryllium raw materials. Esti- 
mated world production of beryl in 1984 was 
virtually unchanged from that of 1983. Bra- 
zil and the U.S.S.R. remained the major 
producers of beryl. China was also a sub- 
stantial producer, but production data were 
unavailable. . 

Canada.—Exploration and development 
work continued on two beryllium prospects 
in the Northwest Territory and British 
Columbia. Reserves at Highwood Resources' 
18,000-acre Thor Lake property, 65 miles 
southeast of Yellowknife, Northwest Terri- 
tery, were estimated to be 1,789,000 tons, 
averaging 0.86% beryllium oxide. Metallur- 
gical testing of these ores was conducted to 
determine the most economical method to 


recover the beryllium. Bearcat Exploration 
Ltd. and Colt Exploration (Western) Ltd. 
acquired mineral claims on a 5,500-acre 
beryllium prospect near Kimberley, British 
Columbia. A partial evaluation of the site, 
made about 20 years ago, indicated the 
presence of 500,000 tons of material grading 
0.1% beryllium oxide. The prospect, con- 
taining a large pegmatitic intrusion, lends 
itself to open pit mining. Exploration work 
was started in 1984 to assess total beryllium 
resources. 

Japan.—Brush Wellman acquired 100% 
of Brush Wellman (Japan) Ltd., its former 
50% owned affiliate, which distributed the 
company’s beryllium-copper alloy products 
in Asia. The buyout provided a basis for 
implementing marketing and manufactur- 
ing plans in other Asian markets. 


Table 4.—Beryl: World production, by country! 


(Short tons) 
Country 1980 1981 1982 1983 19845 

Argentina- C , —— 34 8 7 27 17 
Brazil (export 606 1941 1,171 r €1,380 1,380 
Madagascar PUTENT EORR ANS 11 11 11 11 11 
Mozambiquuee : 22 20 17 “17 17 
Portugal: uno eem ee et 21 20 21 20 20 
Rwanda ß done eres 119 65 16 36 40 
South Africa, Republic off 2) 134 64 24 TC 
USSR o S e cu ee ew te A SAS 2,000 2,000 2,000 2,100 2,100 
United States? (shipments) |... 17,449 17,334 5,451 6.665 46,030 
hh custo at pda altel nt 10 46 57 e55 55 

Total ue ir UL 110,272 710,579 8,875 10,335 9.670 

*Estimated. Preliminary. Revised. . 


‘In addition to the countries listed, China produced beryl, and Bolivia and Namibia may also have produced beryl, but 
available information is inadequate to formulate reliable estimates of production. Nepal reports producing small 
amounts, and Kenya apparently produced small amounts until 1980. Table includes data available through Apr. 24, 1985. 

2Less than 1/2 unit. 

?Includes bertrandite ore, calculated as equivalent to beryl containing 11% BeO. 

*Reported figure. 
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TECHNOLOGY 


Brush Wellman introduced a new copper- 
based alloy containing 0.15% to 0.50% be- 
ryllium. The new alloy, Brush Alloy 174, 
has about four times the electrical con- 
ductivity and a comparable yield strength 
to that of phosphorus bronze, with which it 
was designed to compete. Brush Alloy 174 
was targeted to manufacturers of connec- 


tors, switches, and relays for the electrical 
and electronics industries. 


1Physical scientist, Division of Nonferrous Metals. 

2Federal Register. Health Assessment Document for 
Beryllium. V. 49, No. 245, Dec. 19, 1984, p. 49369. 

American Metal Market. Brush Wellman Ready With 
Beryllium Alloy. V. 92, No. 185, Sept. 21, 1984, p. 6. 
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Bismuth | 


By James F. Carlin, Jr. 


Domestic production of bismuth was de- 
rived by processing bismuth-rich residues 
. from the production of intermediate metal- 
lurgical products, such as lead bullion, 
which contain bismuth as a minor constitu- 
ent. One company accounted for all domes- 
tic primary production. Consumption con- 
tinued to be mostly in the Northern and 


Eastern United States. The aluminum, 


chemical, cosmetic, pharmaceutical, and 
Steel industries were major users. Domestic 
consumption rose, and the price of bismuth 
increased about threefold owing to tempo- 
rarily restricted supplies reportedly caused 
by several world producers diverting metal 
to centrally planned economy countries. 


Domestic Data Coverage.—Domestic pro- 
duction data for bismuth metal are devel- 
oped by the Bureau of Mines from a volun- 
tary survey of the only U.S. bismuth refin- 
ery. Production data are not published to 
avoid disclosing company proprietary data. 

Legislation and Government Pro- 
grams.—Government stocks remained at 
2,081,298 pounds. The National Defense 
Stockpile goal remained at 2,200,000 
pounds. 

Federal income tax laws provided a deple- 
tion allowance of 2296 for domestic oper- 
ations and 1446 for U.S. companies produc- 
ing in foreign countries. 


. Table 1.—Salient bismuth statistics 
(Thousand pounds unless otherwise specified) 


1980 1981 1982 1983 1984 

United States: 

Consumption 2,289 2,393 1,876 2,285 2,648 

EXDOFUB uoo ec ³²⁰mm mr 8 1 7 53 306 312 

Imports, general 2,217 2,436 2,026 1,972 1,948 

Producer price, average per pound (ton lots) 2) 2) 2) 2) 2) 

Consumer stocks, Dec. IIl1Ill „ 674 509 542 577 480 
World: Production?ds 1,954 Tg 268 8,733 Pg 431 ©8675 


“Estimated. Preliminary. Revised. 
1Includes bismuth, bismuth alloys, and waste and scrap. 


Domestic producer's list price has been suspended since Oct. 1, 1980. 


3Excludes the United States. 


DOMESTIC PRODUCTION 


A single primary refinery operated by 
ASARCO Incorporated at Omaha, NE, 
accounted for all primary production. Small 


quantities of secondary bismuth were pro- 
duced from bismuth scrap materials by 
several firms. 


159 


160 


MINERALS YEARBOOK, 1984 


CONSUMPTION AND USES 


Domestic consumption increased in 1984 
to the highest level since 1979, reflecting a 
general economic improvement. The major 
increase occurred in the category of chemi- 


cals, which includes bismuth used in cos- 
metics, industrial chemicals, and pharma- 
ceuticals. 


Table 2.—Bismuth metal consumed in the 


United States, by use 
(Thousand pounds) 
Use 1983 1984 
Fusible alloys - -- ------- 623 609 
Metallurgical additives 523 424 
Other alloys -- - -------- 20 20 
Chemicals e 1.104 1.573 
Experimental 2) 
Ahe 13 22 
rr A 2,285 2,648 


Includes cosmetics, industrial and laboratory chemi- 


cals, and pharmaceuticals. 
2Less than 1/2 unit. 


PRICES 


The price of bismuth increased sharply 
during the year, reportedly in response to a 
tightened supply situation caused by sever- 
al leading world producers diverting their 
bismuth to centrally planned economy 
countries at premium prices. Asarco contin- 
ued suspension of its producer list price 
throughout the year. The published price of 
a major foreign producer, Mining & Chemi- 


cal Products Ltd. (United Kingdom), was 
$2.30 per pound at the beginning of the year 
and was steadily raised throughout the year 
to finish at $6.50 per pound. Domestic deal- 
er quotations were $1.75 to $1.80 per pound 
at the beginning of the year and were raised 
throughout the year to finish at $6.50 to 
$6.70 per pound. 


FOREIGN TRADE 


Exports of bismuth remained at the rela- 
tively high level established in 1983, with 
the United Kingdom remaining the major 
export destination. Mexico remained the 
major source of U.S. imports, with Peru and 
the United Kingdom following closely. 

Starting January 1, 1984, the U.S. import 
duties for bismuth were unwrought metal 


(TSUS 632.10), free for most favored nations 
(MFN) and 7.5% ad valorem for non-MFN; 
alloys (TSUS 632.66), 6.8% ad valorem for 
MFN and 45% ad valorem for non-MFN; 
and compounds (TSUS 418.00 and 423.80), 
9.6% ad valorem for MFN and 35% ad 
valorem for non-MFN. 
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Table 3.—U.S. exports of bismuth, bismuth alloys, and waste and scrap, by country 


1983 1984 

; Value Value 
Country Quantity thou. Quantity thou- 
PONES sands) postes sands) 
CCC ͥ ͥ » ese paire 8 148 $1 E m 
AustraliB «cz dd f gee oa E NS 26 3 Sees Et 

! ⁵³⅛˙AÜ¹un ĩ ß ⅛ͤé ck = e Met E n us z 813 3 T 8 
C!Ü⁰ ͥ acra iue es e es iE Ld 24,950 102 45,855 $290 
ÄP a ²V——. ne Ae en es ate AE an et 38,486 83 iro are 
% uu defe a ey oa se eh ³ de LAE ER E 98 l 
F ͥ⁰⁰⁰⁰¼¼:: é df ĩð . 8 7 2 TW P 
Germany, Federal Republic ohll- 137 1 47,690 172 
Greece uud ln a, xL EL M a ſ ⁵ A all “bk 4,000 11 2.000 6 
en ³ðé/ſ d y ER cn T d Me = 10 1 
F ⁰wſ ² eacus E d or eram eee Bs Re Ss 410 2 100 1 
/ ⁵ ͤ⁰TuůUůñ!]] ß mts ee ee eee eee 165 2 245 2 
/// y o ae, oy ie Os 429 1 m "^ 
1111 oie T LIE ...... 7.407 59 2.462 14 
Korea, Republic oll7 ttb 9 1 188 15 
III ³⅛·¹0A¹ͥ ͥͥ ͥͥ·¹Ü¹·¹ 0 5 ⁰ ² AAA i D ie 100 2 ED ER 
/G eire a eA Modum og gn de c a E E 641 9 1,200 17 
Netherlands o tat ³ð es re 8 64,567 172 Ec m 
New Zealand emo hole nnn = Suze 40 1 
fl! T as es Se ees, ³ ³ Kd y ĩðͤ a 28 ate x 300 3 
dJ! oe LA y yd y ⁊è . E LED rat 891 8 863 28 
South Africa, Republic of ________________-_-_____________- 69 2 136 2 
SDAlu acf hte ĩ Dti Gc ee so peg eee, LEE. 1,464 12 22,267 95 
Switzerland =- mu Be eras ee ee ee 30,110 66 66,431 251 
//ü/ũ ⁵ ꝗꝗ cat ach ye ⁵ĩð2dĩ ⁵³ ad é 1.258 55 1.099 27 
F ³ſ a an eL E eL zx TM 32 4 
United Kingdorornnun n 2 129,940 93 120,495 161 
e dd e a a E 101 7 = oye 
Toa omui sem os se eee ML A ee ee 306,128 703 311,511 1.091 

Table 4.— U. S. general imports! of metallic bismuth, by country 
1983 1984 

Country Quantity 11 8 Quantity ae 

(pounds) sands) (pounds) Ada) 
Belgium- Luxembourg 16.095 $24 15,807 $218 
“h/... Ec Bs E Sort E 178,633 346 242,582 193 
FI noe bitu esce A i r e ⁰ MS M 11,204 27 
Germany, Federal Republic of. - --------------------—-— 32,783 78 11,167 345 
OTN eee dd an cas el te nee 68,281 102 209,193 551 
Korea, Republic of- _____._-________________-_____- 55,112 83 124,943 410 
ö ³ow Add d 8 106,572 959 430,518 1,124 
o dd REC ce Saeed 653,720 949 391,813 924 
lh ³⁰¹¹¹²ĩͥͤͥ ⁰ ⁰⁰m M ge, Son ene a 10 2 my PEN 
SPAIN ec nate aa a Deny ey Bh E a ee US. T 8 493 2 
United Kingdom- - nnn 260,750 578 384,674 1,492 
/ ³¹ . keel oe ah ena ae aah ee ah Lend 1,971,956 3,121 1,948,394 5,892 


1General imports and imports for consumption were the same in 1983 and 1984. 


WORLD REVIEW 


World production of bismuth rose slightly 
in response to increased demand. Australia 
remained the major producer of bismuth, 
although reportedly bismuth-rich residues 
in Australia have been stockpiled in recent 
years. 

Major world refiners included Dowa Min- 
ing Co. Ltd. and Mitsui Mining & Smelting 
Co. Ltd. in Japan, Empresa Minera del 


ploitations 
Hoboken-Overpelt SA in Belgium. 


Chimique 


Centro del Pert in Peru, Industria Minera 
México S.A. and Industrias Penoles S.A. de 
C.V. in Mexico, Korea Tungsten Mining Co. 
Ltd. in the Republic of Korea, Mining & 
Chemical Products in the United Kingdom, 
and Société Industrielle d’Etudes et d’Ex- 
and  Métallurgie 
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Table 5.—Bismuth: World mine production, by country! 


(Thousand pounds) 
Country? 1980 1981 1982 1983P 1984* 

Australia (in concentrates)? ? ___ -2 ------------ 2,650 T2 600 73,310 73,100 3,310 
Bolivia (in concentrate 24 24 11 13 7 
)) ⁵ a ĩ³ð ud LE E ĩð2!Äâĩ rec e iL EE 377 370 417 445 440 
China (in hööô/ĩ ĩðVüſ ĩᷣͤ K Ran EA Ex 570 570 570 570 570 
r y 745 1.054 1,071 1,263 1,240 
Korea, Republic of (metal) 271 220 209 e200 200 
ͤĩ§ĩ?! 0 f ĩ⅛˙¾«jr ON e e ee e ee 1.698 1,446 1,336 1,202 1,300 
Peru no lxoelj nac a RAI e Ee M tt 1,096 1,409 1,351 1,179 1,160 
Romania (in ore! 180 180 180 180 180 
U.S.S.R. (metal 160 170 170 180 180 
United States (metal) W W W W W 
Yugoslavia(metalf |. 2 eee 183 7225 108 99 88 
Total. es ani Bigs oS S ug tU ⁰ A 88 1,954 8 268 8,733 8,431 8,675 
= d PPreliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; excluded from 

to 


tal. 
1Table includes data available through Apr. 2, 1985. 


2In addition to the countries listed, Brazil, Bulgaria, France, the German Democratic Republic, the Federal Republic of 
Germany, and Namibia are believed to have produced bismuth, but available information is inadequate for formulation 


of reliable estimates of output levels. 


3In recent years, bismuth-rich residues have reportedly been stockpiled owing to weak demand and low prices. 
*Refined metal and bullion plus recoverable bismuth content of exported concentrate. 


5Bismuth content of refined metal, bullion, and alloys produced indigenously plus recoverable bismuth content of ores 


and concentrates exported for processing. 


TECHNOLOGY 


A new procedure was developed to en- 
hance rapid solidification of various tin- 
bismuth alloys. The procedure involves ap- 
plying molten tin-bismuth alloy to a rapidly 
rotating wheel, where it solidifies as a 
ribbon or foil. The tin-bismuth foil is then 
stamped into a solder preform. This has the 
advantage of being used for soldering heat- 
sensitive components because of its low 
melting property.? 


A lithium-silver bismuth chromate bat- 
tery system was devised that was reported 
to have an extremely low level of self- 
discharge and uses a stable electrolyte, 
thereby enhancing its prospects for long 
service life applications. 


! Physical scientist, Division of Nonferrous Metals. 

The Bulletin of the Bismuth Institute. No. 45, 1984, 
pp. 4-5. 

3———. No. 44, 1984, pp. 7-9. 


Boron 


By Phyllis A. Lyday! 


U.S. production and sales'of boron miner- 
als and chemicals increased during the year 
because of the improved economy. Glass 
fiber insulation continued to be the largest 
use for borates, followed by textile-grade 
glass fibers and borosilicate glasses. 

California was the only domestic source of 
boron minerals, mostly in the form of sodi- 
um borate, but also as calcium borate and 
sodium-calcium borates. Domestic and 
world markets gained strength, and the 
United States continued to provide essen- 
tially all of its own supply while maintain- 
ing a strong position as a source of sodium 
borate products and boric acid to foreign 
markets. 


Supplementary U.S. imports of Turkish 
calcium and sodium-calcium borate ores 
and boric acid, primarily for textile-grade 
and insulation-grade glass fibers, continued. 

Domestic Data Coverage.—Domestic 
data for boron are developed by the Bureau 
of Mines from two separate, voluntary sur- 
veys of U.S operations. Of the three oper- 
ations to which a production survey request 
was sent, all responded, representing 100% 
of the total production shown in tables 1 
and 7. A Bureau canvass of the three U.S. 
producers also collected data on domestic 
consumption of boron minerals and com- 
pounds shown in tables 2 and 3. 


Table 1.—Salient statistics of boron minerals and compounds 
(Thousand short tons and thousand dollars) 


1980 1981 1982 1983 1984 
United States: 
Sold or used by producers: 
Quantity: 
Gross weight! |. 1,545 1,481 1,234 1,303 1,367 
Boron oxide e) content |. 7 740 607 637 667 
( ·˙¹rwQA·¹ ˙mdn 88 $366,160 $435,387 $384,597 $439,181 $456,687 
Exports: 
Boric acid:? 
quan Dare Ne SR NER UEM RIT, CUR ERE SR RR 46 35 38 45 
alue sto ue ee ee $23,735 $24,602 $19,082 $20,688 $24,402 
Sodium borates 
Quantiyjjůyj „ 325 228 227 225 4501 
Value $65,000 $58,000 $59,000 $51,000 $134,000 
Imports for consumption: 
Boric acid: 
Quantity 37 RO E 1 1 4 8 8 
/// tere Itu $6,393 8763 $1,903 $3,456 $3,449 
Colemanite 
Quantity ------------------ 6 98 39 40 51 
Malue.. c. m u.. ̃ ¾ w ee Ren $6,218 $15,202 $6,386 $8,309 $12,123 
Ulexite: 
Quantity __________________ 44 35 *36 117 
Valie -oone $697 $2,690 *$2,800 $3,116 $10,202 
Consumption: Boron oxide (B203) content 384 313 266 841 375 
World: Production 2, 877 2,820 2,503 52,446 e2 541 
Estimated. Preliminary. 


Minerals and compounds sold or used by producers, including both actual mine production and a marketable 


equivalent of brine products. 


"Includes domestic and imported orthoboric and anhydrous boric acid. 


3Refined. 


*Source: The Journal of Commerce Port Import/Export Reporting Service. 


5See table 2. 
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Legislation and Government  Pro- 
grams.—The U.S. Department of the Interi- 
ors Bureau of Land Management stream- 
lined several provisions of the existing regu- 
lations on leasing of solid minerals, includ- 
ing sodium borates. The most significant 
changes made by the final rulemaking were 
as follows: (1) The terms valuable deposit" 
and "chiefly valuable" were defined; (2) 
existing provisions were clarified and new 
provisions added for exploration and devel- 
opment of hard-rock minerals; (3) the annu- 
al minimum royalty provisions were revised 
by the elimination of the annual adjust- 
ment and by setting the minimum royalty 
at $3 per acre per year; (4) the filing fee for 
application for leases and permits was in- 
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creased from $10 to $25; (5) the amount of 
nationwide bond was revised from a fixed 
amount of $75,000 to a minimum of $75,000; 
(6) all references to 43 CFR Part 23 were 
eliminated; (7) the procedures to be followed 
and the information required in the prefer- 
ence right lease application adjudication 
process were revised; and (8) the period for 
extension of hard-rock mineral prospecting 
permits was increased from 2 years to 4 
years.? 

The National Institute for Occupational 
Safety and Health (NIOSH) was updating 
the status of the National Occupational 
Health Survey of Mining. Boron minerals 
were selected to be surveyed during 1984. 


DOMESTIC PRODUCTION 


Boron minerals, sold and used, increased 
in quantity and value during the year. The 
majority of the output continued to be from 
Kern County, CA, with the balance from 
San Bernardino and Inyo Counties, CA. 

American Borate Co., a wholly owned 
subsidiary of Owens-Corning Fiberglas 
Corp., continued to mine colemanite, a calci- 
um borate, and ulexite-probertite, two simi- 
lar sodium-calcium borates mined and sold 
as one, at its mine in Death Valley National 
Monument. The mine had a capacity of 
350,000 short tons per month of ore contain- 
ing 130,000 tons of salable product. Cole- 
manite was ground and processed at the 
washing and calcining plant at Amargosa, 
NV. The mill had a capacity of 6,300 tons 
per month of concentrate. A flotation plant 
adjacent to existing facilities at Amargosa 
processed colemanite by a patented process. 
The colemanite product was trucked to 
Dunn, CA, for blending, storing, and ship- 
ping by rail primarily to manufacturers of 
textile-grade glass fibers. Ulexite-probertite 
ore was trucked to Dunn, where it was 
ground, screened, and blended to specifica- 
tion, stored, and shipped by rail to custom- 
ers. Most shipments of the blended ulexite- 
probertite were to manufacturers of glass 
fiber insulation. 

Kerr-McGee Chemical Corp. operated the 
Trona and Westend plants at Searles Lake, 
in San Bernardino County, to produce re- 
fined sodium borate compounds and boric 
acid from the mineral-rich lake brines. At 
the Trona plant, a differential evaporative 
process was used to produce boric acid, 
pentahydrate borax, and anhydrous borax. 
Byproducts included potassium compounds. 


At yearend, one of the evaporative boilers 
used to produce pentahydrate borax was 
operating to reduce process steam used in 
other operations to distilled water by ex- 
tracting heat. The distilled water was recy- 
cled for boiler feed water in the coal-fired 
generator. The Westend plant continued 
production of boric acid and produced sodi- 
um borates by a carbonation process that 
also produced lime, soda ash, and sodium 
sulfate. Production capacity was 210 tons 
per day of the combined borate products. 
Screening and grinding facilities were 
located at both plants. Shipments from 
Searles Lake were by rail via a company- 
owned spur to the Santa Fe Railroad at 
Ridgecrest, CA. 

United States Borax & Chemical Corp., a 
member of the RTZ Group of London, Unit- 
ed Kingdom, continued to be the primary 
world supplier of sodium borates. U.S. Bo- 
rax processed crude and refined hydrated 
sodium borates, their anhydrous deriva- 
tives, and anhydrous boric acid at the Boron 
refinery at Boron, in Kern County, CA. 
Crude sodium borates—Rasorite 46, a pen- 
tahydrate, and its anhydrous derivative— 
were produced for foreign markets. Installa- 
tion of new equipment to improve the recov- 
ery of borax from the tailings was complet- 
ed. Centrifuges separated clay matter from 
borax in water solution. The borax was 
recovered by evaporating in solar ponds. 
The process increased borax recovery by 6% 
to an estimated total recovery of 91% of the 
ore processed. 

A second plant at Boron produced tech- 
nical-grade boric acid and waste sodium 
sulfate by a proprietary process from U.S. 


BORON 


Borax's extensive kernite ore reserves. Bo- 
ric acid was produced to compete with 
colemanite used in glass manufacture. The 
boric acid plant, the world's largest, lowered 
energy requirements by using unrefined 
kernite ore as feedstock. The energy re- 
quirements of the kernite ore did not re- 
quire the energy intensive process of refin- 
ing tincal ore into borax before processing 
to boric acid. 

In 1984, 4,000 tons of products was ship- 
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ped from Boron each day via the Santa Fe 
Railroad. The majority of the material was 
shipped to U.S. Borax's storage, loading, 
and shipping facilities at Wilmington, CA. 
The Wilmington facility also produced some 
boron specialty chemicals and borated soap 
products. 

Duval Corp. sought joint partners for a 
pilot project designed to produce boric acid 
from solution-mined colemanite. 


CONSUMPTION AND USES 


U.S. consumption of borates increased 
significantly. Glass fiber insulation and 
glass fiber reinforcement for plastics contin- 
ued to be the largest consuming industries. 

The improved market for thermal insula- 
tion for use in construction, especially in 
the building of new homes, increased de- 
mand for borax pentahydrate and ulexite- 
probertite used in the manufacture of glass 
fiber insulation. Glass fiber insulation was 
the largest area of demand for borates. 
Cellulosic insulation was the fifth largest 
area of demand. 

The second major market for borates 
was textile-grade glass fibers. U.S.-pro- 
duced colemanite, orthoboric acid, ulexite- 
probertite, pentahydrate borax, Turkish 
colemanite, and boric acid, primarily from 
Turkey, were essential raw materials for 
manufacturing high-tensile-strength glass 
fiber composites for use in a range of 
products that included aircraft, automo- 
biles, and sports equipment. More than 90% 
of new pleasure boats were made of glass 
fiber-reinforced plastic. The glass fiber in- 
dustry was composed of Owens-Corning, 
51%; Manville Corp. 26%; CertainTeed 
Corp., 12%; PPG Industries Inc., 10%; and 
other, 1%. 

Consumption of borates in the form of 
anhydrous borax, pentahydrate borax, or- 
thoboric acid, and anhydrous boric acid for 
use in the manufacture of special borosili- 
cate glasses remained a major end use. 
Boron compounds in cleaning and bleaching 
were also an important consumption sector; 
about one-quarter of these compounds was 
used to produce sodium perborate deter- 
gents. Boron compounds continued to find 
application in the manufacture of biological 
growth control chemicals for use in water 
treatment, algicides, fertilizers, herbicides, 
and insecticides. Boron compounds were 


also used in metallurgical processes as 
fluxes, as shielding slag in the nonferrous 
metallurgical industry, and as components 
in electroplating baths. Small amounts of 
boron and ferroboron were constituents of 
certain nonferrous alloys and specialty 
steels, respectively. 

Many important but small-percentage 
end uses of borates and boron-containing 
chemical derivatives comprised a diverse 
miscellaneous category. Another group of 
borate compounds was sold to chemical 
distributors, but their ultimate end uses 
were unknown. 

A patent dispute has taken place in the 
chemical industry involving a zeolite cata- 
lyst. The dispute between Mobil Oil Corp. 
and Amoco Chemicals Co. concerned boron- 
containing zeolites. Borosilicate molecular 
sieve material was important for catalytic 
activity and provided advantages in se- 
lectivity for xylene isomeric catalyst.* 

Industrial Minerals Inc. of Kings Creek, 
SC, ground imported colemanite for several 
glass companies, including Manville Corp., 
Owens-Corning, and PPG Industries. Ore 
was transported from Charleston, SC, via 
railcars for grinding and storage. The plant 
operated three shifts per day in 1984. 

Radioactive sludge from the Savannah 
River plant will be combined with fine 
particles of borosilicate glass and sealed 
into stainless steel canisters for permanent 
storage in an underground repository. Glass 
was chosen over crystalline ceramic because 
glass was a better developed process, al- 
though the two waste forms had similar 
radionuclide retention capability. The U.S. 
Department of Energy was expected to 
make a decision on the repository site by 
1987, and waste storage was to begin in 
1998. 
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Table 2.—U.S. consumption of boron Table 3.—U.S. consumption of orthoboric 
minerals and compounds, by end use acid, by end use 
(Short tons of boron oxide content)! (Short tons of boron oxide content) 
End use 1983 1984 End use 1983 1984 
iculture_______._____-__~_ 14,185 15,008 Acriculturee 194 142 
e glasses 34,637 32418 Borosilicate glasses 6,984 5.780 
Enamels, frits, glazes 11.176 11.172 Enamels, frits, glazees $71 410 
Fire retardants: Fire retardants: 
Cellulosic insulation 30,224 29,150 Cellulosic insulation. - - -- ----- 1,915 6.598 
Other oce 5:55 ie 1,313 1,752 99d ee 1,299 1.894 
Glass fiber insulation 91,433 117,451 Insulation - grade glass fibors — ~~ ~~ -~- = 516 
Metallurgy ß 3770 4132 Metallurgy ~- --------------- 792 709 
Nuclear applications 1051 1,107 Nuclear application 154 926 
Soaps and detergents ___________ 30411 28,705 Soaps and detergents __._______- : 336 605 
Textile-grade glass fibers 58,787 69,870 Textile grade glass fiber 14.072 17.408 
Miscellaneous uses 24,188 20,615 Miscellaneous uses _._....__.__- 10,572 11.998 
Sold to distributors, end use unknown - 39,481 43,226 Sold to distributors, end use unknown . 12,710 15,864 
77171711 ee 840,666 374,601 TUA] 2 suut Sete "66,999 62,589 
1Includes imports of boric acid, colemanite, and ulexite. "Revised. 


Table 4.—Borate prices per short ton! 


Dec If. 1866 
Product (rounded 
dollars) 


Borax, technical, anhydrous, 99%, bulk, carlote, works? 584 
Borax, technical, anhydrous, 99%, bags, carlots, work) 629 
Borax, technical, granular, decahydrate, 99.5%, bags, carlots, work 226 
Borax, technical, granular, decahydrate, 99.5%, bulk, carlote, work 181 
Borax, technical, granular, pentahydrate, 99.5%, bags, carlots, workꝶꝶꝶ „ 253 
Borax, technical, granular, pentahydrate, 99.5%, bulk, carlots, work)) 208 
Boric acid, technical, granular, 99.9%, bags, carlote, works? 597 
Boric acid, technical, granular, 99.9%, bulk, carlots, works? 552 
Boric acid, U.S. Borax & Chemical Corp., high-purity anhydrous, 99% B203, 100-pound bags, 

Carlota; Boron: CA ow a is ⁰ðꝗd ee a sn a a eu, 2,215 
Colemanite, American Borate Co., calcined, minus 70-mesh, 45% B303, bulk, f.o.b. railcars, 


Fl et eee ea ee Que c e ee 502 
Colemanite, American Borate Co., concentrate (uncalcined), minus 70-mesh, 38% B203 f. o. b., 

Dün CA ono ] Le e mua ³ dd yd s Cel t M ees 327 
Colemanite, Turkish, 40% to 42% BgOs, ground to a minus 70-mesh, f.o.b. railcars, Kings Creek, S 400 


U.S. f.o.b. plant or port prices per short ton of product. Other conditions of final preparation, transportation, 
quantities, and qualities not stated are subject to negotiation and/or somewhat different price quotations. 
*Chemical Marketing Reporter. Current Prices of Chemicals and Related Materials. V. 226, No. 27, Dec. 31, 1984, p. 20- 


FOREIGN TRADE 


Owens-Corning, through its American Bo- for use in textile-grade and insulation-grade 
rate subsidiary, imported colemanite, ulex- fibers. Brokers also imported Turkish cole- 
ite, and boric acid from Turkey, principally manite. 


BORON 


Table 5.—U.S. exports of boric acid and refined sodium borate compounds, 


by country 
1983 
6 Boric acid! 
QUIM Quantity Value 
(Short (thou- 
tons) sands) 
Argentina. ns 
Australia... oe eA eae ES 2,916 $1,450 
Al Sy es ee m T 
Belgium- Luxembourg M X" 
Brazil v eu eR E eA 744 358 
Canada- --------------------—-—— 5,053 2,450 
Chilé c ea i 8 4 
rr ðL 209 136 
Costa ffĩ˙²˙1 AAA eee ees 12 6 
Czechoslovakia n Mur 
Denmark 325 77 
air,, nce. nuuc. Le 3 4 
El Salvador ______________________ xc CRS 
jj m EE EAEE eee EE eee M NES 
Fehr 8 et mx 
Francë cr oceaan rs es Ae iere c d E 2 1 
German Democratic Republic EM Eu 
Germany, Federal Republic oH (4) 1 
Greece "m ow 
Guatemala 2 2 
Hals ] ˙Üuůvp p ð y y Et 32 12 
Honduras s Rer RD 44 17 
Hong Kong, ð⁵⅛ðx enne den e vet eS ue 268 160 
Hüngafy eomm Rebus e Ene Mun — bu 
India .— ELE mum o 6 2 
Indonesia _______________________ 100 57 
Ireland -22222222222 s PI 
larBel ͤͤ³¹ ¹ w- mt ee 40 30 
Maly mni LaL ⁵ĩ 8 Bhs ae 
IVORY COBBD 2 es es Oi ENS E 
ene 8 1 
C ˙¾ ẽ —W— xx ee at LE 18,708 11,259 
Konya MMC s ES 
Korea, Republic of -- 2... 1,565 297 
Leeward Island -----------------—— 3 2 
Ea a T: =n. oo E NND 6 3 
Malaysia EC 53 46 
Mexico oĩ;˙¹ AAA he Be ee 5,093 2,312 
r css esee eene eed es "s M 
Netherlands S 2 
New Zealand ____________________ _ 651 316 
Nicaragūā -ounner . Lea ee TN Ee 
/) ͥ A ³o¹w ud NE 
Pakistan num nouem oe T 
Panama cou ecce oe 2 3 
Papua New Quine " UR 
Peri c cutie e AAA th ee. 3 2 
Philippines ______________________ 564 353 
Portugal. eee lee eee ees oie exes 
Puerto Rico 2.0 . et oe xx 
Saudi Arabia _____________________ us a 
Sl ee Se E E 
Singapore ----------------------—- 244 119 
South Africa, Republic of 4 10 
POU e ret A ee ie ee em P 
Sri Lanka uo EE C 15 8 
Sudan unum A OE cL i iE » 
SWedeli- n LU eui e ec ee 21 17 
Switzerland ______________________ 2 4 
I cenam cm 1.291 727 
Thanand -=s 2m ð v be Sted 2 199 137 
Zuni in tuno eec SURE M oe 
United Kingdom 46 20 
e ie ie ee eee 7 3 
Venezuela________~_______________ 259 167 
VugoslaviaKaaa«kaaaaaaa s i 
I ⁰ ³ Rum ue chen ri a e oo fone 
Zimbabwe _______________________ Br s 
GEĩ³;ð ³ð 05m ð v Ba E 
Jö ³ðV5 8 38,498 20,688 


! Bureau of the Census. 
?U S. exporters of sodium borates. 


The Journal of Commerce Port Import/Export Reporting Service data. 


*Less than 1/2 unit. 
SIncludes Bolivia and the Dominican Republic. 
$Data may not add to totals shown because of independent rounding. 


224,612 


1984 
Boric acid! 
Quantity Value 
(short (thou- 
tons) sands) 
1 $1 
1,145 635 
160 128 
7,657 3,902 
2 4 
299 191 
7 6 
21 12 
64 37 
2 3 
44 82 
168 278 
12 5 
37 13 
329 180 
9 3 
81 46 
36 21 
13 11 
23,748 13,732 
1,223 685 
24 26 
3,002 1,336 
40 68 
1,914 837 
10 10 
128 57 
3 2 
252 222 
199 111 
787 8 
7 4 
64 37 
1.537 861 
157 107 
20 15 
131 43 
1,378 680 
16 6 
44,128 24,402 


167 


3,318 


500,537 
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Table 6.—U.S. imports for consumption of boric acid, by country 
1983 1984 
Country Quantity Value! Quantity Value! 
(short tons) (thousands) (shorttons) (thousands) 

Vr; ̃ĩ˙ ]“ iens ce D cal Se AL 1,286 $485 a ae 

nada a Sg i as tao ͤ⁰ʒ ee 8 2) 2 
FF ³˙wuwmͥͥ.¹. y y 139 105 139 3110 
Germany, Federal Republic of --------------------- 2) 4 86 87 
õ ˙¹1àl& D ——— — — X — M 956 408 2,287 965 
/ S os p er 86 M NM 2 7 
Türkiy 2l ³⁰Üwww᷑i; ka ee E 5,500 2,453 5,236 2,280 
United Kingdom ----------------------------- (3) 1 3) (3) 
„ECC PP ee uA Lr Eee 7,881 3,456 1,148 3,449 


1U.S. Customs declared values. 
?Less than 1/2 unit. 


Source: Bureau of the Census. 


WORLD REVIEW 


Chile.—The AMAX Chemical Corp. and 
Molibdenos y Metales S.A. (Molymet) won 
the option for the new potassium, boric acid, 
and lithium concession in the Salar de 
Atacama. Further tests and negotiations 
will take 3 years before a final decision on 
the new project is reached. The initial $210 
million investment planned would produce 
potassium chloride, potassium sulfate, and 
31,000 tons of boric acid. The ownership was 
expected to be AMAX, 64%; Molymet, 11%; 
and Chile's State Development Corp., Cor- 
poración de Fomento de la Producción, 
2500.5 

Peru.—Production of ulexite at Laguna 
de Salinas in Peru averaged 32% to 36% 
boron oxide. The companies in production 
were Compania del Boro y Derivados S.A., 
previously Boroquimica S.A.; Minerales y 
Servicios S.A., previously Boratos del Perü 
S.A.; and Minera Italboro S.A. The ulexite 
was exported to Brazil and Colombia and 
used domestically to produce boric acid. 

In 1982, Química Oquendo S.A. began to 
operate a plant in Ventanilla, Callao, a 
district of Lima, to produce 660 tons of boric 
acid per year and increase to 1,300 tons. 

The boric acid was exported to Brazil, 
Colombia, Ecuador, and Venezuela. In Peru, 
boric acid was used in the manufacture of 
borosilicate glass by Borosilicatos de Pisco 
S.A., a member of the Química Oquendo 
Group. The plant is located in Pisco City, 
190 miles south of Lima.* 

Turkey.—On August 18, 1984, Etibank, 
the Turkish state mining organization, offi- 
cially inaugurated its boron derivatives 


plant at Kirka. The principal ore mineral 
for the plant was tincal, a sodium borate 
produced from an open pit mine having an 
average 25% boron oxide content. The ma- 
jor ore impurity was 10% clay. Ore was 
found at depths of 7 to 490 feet with an 
average overburden of 230 feet. Ore re- 
serves totaled 550 million tons, which would 
last 500 years at current rates of produc- 
tion. The Kirka derivatives plant had a 
capacity of 176,000 tons per year of pentahy- 
drate borax, 19,000 tons per year of decahy- 
drate borax, and 66,000 tons per year of 
anhydrous borax. The product from the 
concentrator and derivatives plant was 
loaded onto trucks for transport to De- 
girmenozu, about 11 miles away to a rail 
terminal, or to the Port of Bandirma. Tincal 
concentrates are transported by rail in open 
cars but the derivations are transported in 
specially designed closed railcars. Although 
the product leaving the plant was refined 
borates rather than concentrates, the boron 
oxide capacity of the complex had not 
changed.’ 

The occurrence of the rare borate miner- 
als veatchite-A, tunellite, teruggite, and 
cahnite were reported in the Emet borate 


deposit of Turkey. The borates were part of 


the Tertiary Age lacustrene sediments. The 
geochemical association of arsenic, boron, 
and sulfur suggest a common origin for all 
three elements at Emet as similar to the 
Kramer deposit in California. The Emet 
borates were believed to have formed in 
playa lakes fed by thermal springs.* 
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Table 7.—Boron minerals: World production, by country! 
(Thousand short tons) 
Country 1980 1981 1982 1983P 1984* 
Argentina - ` e fh Lo LUI ert ec 172 138 136 125 132 
© 21 | EPOR PENES 4 4 (25 1 l 
China- -------------------—_— 30 30 30 30 30 
Peru n ln c ĩ³ĩðVA6AA ö M Ph 23 18 15 111 11 
Turkeyyyhõhhhhhhhhhhhk ! 883 929 868 756 780 
USSR -e es A a 220 220 220 220 220 
United States? ______________________ 1,545 1,481 1,234 1,303 41,367 
17% ³ĩV—A E oa a 2,877 2,820 2,503 2,446 2,541 
Estimated. Preliminary. 


r Revised. 
Table includes data available through May 21, 1985. 
?Less than 1/2 unit. 


Minerals and compounds sold or used by producers, including both actual mine e and a marketable ore 


equivalent of brine products. 
*Reported figure. 


TECHNOLOGY 


Research in atomic physics provided a 
process by which atoms or groups of atoms 
assume a net electrical charge by losing or 
gaining electrons resulting in an intimate 
mixing of heretofore incompatible ele- 
ments, and a repeal of some age-old laws of 
metallurgy. The new alchemy, called ion- 
beam processing or ion-beam implantation, 
was a common practice in the semiconduc- 
tor industry, where silicon was doped with 
elements such as boron to alter its electrical 
properties. The most recent developments 
were in the treatment of metal, ceramic, or 
polymeric surfaces to upgrade hardness, 
optical properties, corrosion resistance, 


electrical conductivity, and other character- 


istics. Elements such as boron have also 
been implanted in copper, steel, and tita- 
nium, as well as in ceramics, glasses, and 
organic polymers. The useful life of steels 
used for naval aircraft turbine bearings was 
increased by a factor of 2.5 when the bear- 
ings were implanted with ions of boron, 
chromium, molybdenum, or a combination 
of these elements. The $52 ion beam treat- 
ment more than doubled the life of a $289 
ball bearing and eliminated unscheduled 
maintenance cost. Nozzles made of cobalt 
superalloy or chrome carbide that were 
used to extrude glass or organic polymer 
fibers were treated with boron, silicon, tita- 
nium, or other ions. The integrity of the 
holes in the nozzles was enhanced, and 
oxidation was reduced. 

Successful applications of ion implanta- 
tion have worked to form cubic boron ni- 
tride crystals from boron and nitrogen. The 
ion-beam processing market is now worth 


about $250 million in annual revenues for 
equipment and service suppliers. The future 
of ion-beam processing in the materials 
industry depends on whether suppliers are 
able to find enough applications that war- 
rant the technology’s relative high cost of 
$0.15 to $1.00 per square centimeter.’ 

Structural components manufactured 
from composites were designed as multilay- 
ered configurations of unidirectional or 
woven material. A number of matrix- 
reinforced combinations have been investi- 
gated, but the most highly developed metal 
composite with the most applications was 
the boron-aluminum composite. The low- 
density fiber and matrix combination pro- 
vided specific strength and stiffness proper- 
ties that were attractive for limited applica- 
tions in aircraft and some missiles and 
spacecraft. Titanium-based composites with 
boron and silicon carbide filaments provide 
useful engineering properties at tempera- 
tures up to 1,000° F. 10 

Boron was studied to trace the combus- 
tion of coal to determine origins and modes 
of transportation of pollution, particularly 
sulfate and acidity in the Northeast. Gas- 
eous boron promised to be specific for coal 
pollution. Both gaseous and particulate bo- 
ron from coal were influenced by marine 
boron in coastal areas. Boron offered an 
attractive way to measure the source of 
sulfur dioxide pollution from distant 
sources.“ 

Boron trichloride and chlorine were used 
to produce extremely narrow, sharp-edged 
aluminum lines on the surface of a silicon 
wafer. The processes used ions that bom- 
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bard a thin aluminum film coating on a 
silicon wafer. Little radiation damage was 
reported from the ionizing radiation.'? The 
process can be useful in electronics where 
silicon wafers, or chips, are used to record 
information. 

Thin, corrosion-resistant boron compound 
layers onto silicon or gallium arsenide sub- 
strates of photoelectrochemical cell elec- 
trodes improve the performance of the cells. 
The new technique improves the stability of 
the silicon anodes by factors of more than 
30,000 times. 

A method to change olefins to boranes of 
100% optical purity was developed. The 
processes exist to convert the boranes to 
other organic chemicals such as alcohols 
and opens routes to synthesis of stereo- 
specific compounds of nearly every type. 
The reaction was almost catalytic in nature 
and was useful for large-scale chemical 
preparations.!* 


! Physical scientist, Division of Industrial Minerals. 


MINERALS YEARBOOK, 1984 


"Federal Register. Bureau of Land Management (Dep. 
Interior). Leasing of Solid Minerals Other Than Coal and 
Oil Shale, General; Amendment of Existing Regulations 
To Clarify and Streamline Provisions. V. 49, No. 81, Apr. 
25, 1984, pp. 17892-17905. 

*Groce, D. W. (Public Health Services). Private commu- 
nication, 1984; available upon request from W. J. Camp- 
bell, BuMines, Avondale, MD. 

Science. Zeolites Catalyze Patent Dispute. V. 227, No. 
4682, Jan. 4, 1985, p. 4682. 

5Industrial Minerals (London). Chile—Amax and Moly- 
met Win Lithium Concession. No. 204, Sept. 1984, p. 17. 

9 Algeria, Alberto (Mineral Italboro S.A.). Written com- 
munication, available on request from P. A. Lyday. 

TDickson, T. Etibank at Kirka—From Ore to Deriva- 
tives. Ind. Miner. (London), No. 210, Mar. 1985, pp. 65-68. 

*Helvaci, C. Occurrence of Rare Borate Minerals: 
Veatchite-A, Tunellite, Teruggite, and Cahnite in the 
Emet Borate Deposits, Turkey. Miner. Deposita, v. 19, July 
1984, pp. 217-226. 

?Basta, N. Ion-Beam Implantation. High Technol., v. 5, 
No. 2, Feb. 1985, pp. 57-61. 

10Persh, J. Department of Defense Program. Mater. and 
Soc., v. 8, No. 2, 1984, pp. 167-172. 

11Rahn, K. A., and T. R. Fogg. Boron as a Tracer of 
Aerosol From Combustion of ] (U.S. DOE contract 
DE 84004708, Univ. of RD. Dec. 15, 1983, 26 pp. 

i2 nee News. Technology. V. 126, No. 8, Aug. 25, 1984, 
p. 121. 

13Chemical Week. Technology Newsletter. V. 135, No. 
11, Sept. 11, 1984, p. 37. 

"Chemical & Engineering News. Method Synthesis 
Chiral Boranes in 100% Optical Purity. V. 62, No. 13, Mar. 
26, 1984, pp. 28-29. | 


Bromine 


By Phyllis A. Lyday! 


Of the 856 million pounds of bromine 
produced in 1984, the United States pro- 
duced 45%, followed by Israel, 2396; the 
U.S.S.R., 18%; the United Kingdom, 7%; 
and other countries, 7%. Five U.S. compa- 
nies operated nine  bromine-producing 
plants in Arkansas and Michigan. The 
quantity of bromine sold or used in the 
United States was estimated at more than 


385 million pounds valued at $95 million. 
Exports of bromine compounds amounted to 
53 million pounds. Prices of elemental bro- 
mine in bulk were between 33 and 34.5 
cents per pound. The largest end use of 
bromine was in ethylene dibromide (EDB) 
manufactured for use as a scavenger for 
lead in gasoline. The 1983 ban on EDB use 
for agriculture eliminated the market for 


Table 1.—Salient bromine and bromine compound statistics 
(Thousand pounds and thousand dollars) 


Vnited States: 
Bromine sold:! 


Expo 


Imports:* 


N Bhs ete ee ⁵ ⁵⁵⁵¼—-w vD 8 


1980 1981 1982 1983 1984 
52,192 60,790 (2) 2 2 
$12,500 $11,000 (3) 2 2 
325.978 316,307 2 (3) NU 
$83,100 375, 100 2 2 (2) 
38,100 sw NA 44,500 468,200 
3$1,700 sw NA *$1,000 — *$15,200 
85,400 67,500 555,600 561.300 553,200 
70,400 56,000 547,200 552,000 545,100 
$35,900 333,100  5$21,100 $21,600 316, 200 
1 (9) (8) (9) 9 
$5 (8) (9) ($) $17 
861 644 16 15 
$165 $139 we $11 $10 
246 165 390 679 661 
$221 $323 $336 $572 $610 
667 107 281 436 367 
$457 $80 $204 $303 $268 
310 20 645 2,534 1,916 
$201 $12 $423 $971 $851 
756,105 — "758,346 826,968 788,863 855,730 


*Estimated. 
data. 


PPreliminary. "Revised. NA Not available. 


W Withheld to avoid disclosing company proprietary 


1Elemental bromine sold as such to nonproducers, including exports, or used in the preparation of bromine compounds 


by primary U. S. producers. 


2Bromine sold or used estimated at 401 million pounds in 1982, valued at $103 million, 370 million pounds in 1983, 


valued at $91 million, and 385 million pounds in 1984, valued at $95 million. 


Exports reported to the Bureau of Mines by primary producers. 


*Bureau of the Census. 


*Bureau of the Census. Includes methyl bromine and ethylene dibromide. 


Negligible amount. 
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about 20 million pounds per year of elemen- 
tal bromine. Production of EDB in 1984 was 
estimated at 73 million pounds. Exports 
accounted for about 58% of EDB produc- 
tion. Other uses of bromine included the 
production of compounds for oil and gas 
well fluids and for flame retardants. 

Domestic Data Coverage.—Domestic pro- 
duction data for bromine are developed by 
the Bureau of Mines from a voluntary 
survey of U.S. operations. Of the nine oper- 
ations to which a survey request was sent, 
one responded, representing an estimated 
1% of total production. Production for the 
eight nonrespondents was estimated using 
information from domestic and foreign in- 
dustry sources. 

Legislation and Government  Pro- 
grams.—The U.S. Environmental Protec- 
tion Agency (EPA) proposed that the quan- 
tity of lead in gasoline be reduced by 91% 
by January 1, 1986. EPA planned to lower 
the permissible lead limit from the current 
1.1 grams per gallon of gasoline to 0.1 gram 
per gallon? EDB reacts with lead during 
combustion of gasoline to form a lead bro- 
mide gas that is exhausted, thus preventing 
the deposition of lead in the engine. Aro- 
matic chemicals were considered to be the 
likely replacement for lead and ethylene 
dibromide antiknock mixtures in gasoline, 
but these substances contribute to smog and 
may not be environmentally acceptable sub- 
stitutes. 

On February 3, EPA announced an emer- 
gency suspension of EDB use for grain 
fumigation. Citrus and papaya compliances 
were extended to November 1. A 300 parts 
per billion EDB tolerance for mangoes was 
to become effective on September 1, 1985.* 
At yearend 1984, EPA began accepting 
claims for indemnification and requests for 
disposal of EDB-containing pesticides used 
for fumigation of soil, grain, and grain 
milling equipment. All claims and requests 
were to be submitted by March 21, 1985. 
EPA was establishing procedures to identify 
and dispose of EDB. If only partial funding 
were available, the agency planned to place 
priority on the disposal funds.* Alternatives 
to EDB as a fumigant include carbon diox- 
ide, irradiation, malathion, and methyl bro- 
mide. Preliminary laboratory data indi- 
cated that methyl bromide may pose a 
health hazard. The National Cancer Insti- 
tute undertook epidemiology studies of 
grain workers exposed to EDB and methyl 
bromide. Irradiation, which has been used 


for fumigation in 28 countries, does not 


leave a residue, but it may take several 
years to install capacity capable of re- 
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placing EDB. 

EPA set EDB tolerance levels of 900 parts 
per billion for grain, 150 parts per billion 
for intermediate products, and 30 parts per 
billion for ready-to-eat foods. Several States 
set stricter standards and removed contami- 
nated foods from grocery shelves.5 

In November, the first fatalities attrib- 
uted to EDB occurred at a storage and 
distribution facility for agricultural chemi- 
cals. Two workers died during the cleaning 
of a pesticide holding tank, presumably 
because of a lack of adequate protective 
clothing. The measured concentration of 
EDB in the air was not high enough to have 
caused death from inhalation, according to 
Occupational Safety and Health Adminis- 
tration Safety and Health Standards; there- 
fore, skin exposure was suspected. 

Bromine tax rates under the Comprehen- 
sive Environmental Response, Compensa- 
tion, and Liability Act of 1980, or Su- 
perfund, were scheduled to increase from 
$4.45 per ton in 1984.* In addition to taxes. 
on bromine, Superfund also taxed the chlo- 
rine required to produce bromine, thus 
bromine companies payed the Superfund 
tax as both consumer and producer. | 

Superfund reauthorization was not ap- 
proved by yearend 1984 but was expected to 
be debated in Congress early in 1985. At 
yearend 1984, EPA proposed to regulate the 
handling and disposal of wastes from the 
production of EDB by adding it to the list of 
hazardous wastes under Superfund. A feasi- 
bility study by the U.S. Department of the 
Treasury of a waste-end tax was to be 
completed by April 1985. 

Union Carbide Corp. petitioned EPA to 
revise the definition of the tolerance for 
bromoxynil octanoate, a pesticide. Bro- 
moxynil tolerances of 0.1 parts per million 
in or on corn fodder, forage, and grain, and 
sorghum fodder, forage, and grain were 
revised to permit the residues to also result 
from application of an additional derivative 
of the chemical.? 

In April, the Arkansas Oil and Gas Com- 
mission, in El Dorado, was given the author- 
ity by EPA to administer petitions of the 
Federal programs to regulate reinjection 
wells.* Under the EPA classification system, 
the reinjection wells were classified as Class 
5 wells for spent brine reinjected into the 
geologic formation of origin after extraction 
of halogens and their associated salts. An 
increase in the State severance tax from $2 
to $2.45 per thousand barrels of brine went 
into effect during the year. 

The Arkansas State Pollution Control 
and Ecology Department announced at 
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yearend 1984 that a public hearing was to 
be held in 1985 on applications from Ethyl 
Corp. for a permit to construct and operate 
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a new waste injection well and to continue 
operation of three existing wells near Mag- 
nolia. | 


DOMESTIC PRODUCTION 


Three companies accounted for 91% of 
U.S. elemental bromine capacity. Great 
Lakes Chemical Corp. had become the 
largest producer in 1981 with its acquisition 
of the bromine assets of Velsicol Chemical 
Corp., giving Great Lakes control of 35% of 
the total plant capacity. In 1984, The Dow 
Chemical Co. and Ethyl accounted for 32% 
and 24% of capacity, respectively. Plant 
capacity did not reflect production capacity, 
which was dependent upon brine supplies, 
concentration of the bromine in the brine, 
and individual plant extraction processes. 
The only other domestic elemental bromine 
producer was Morton Thiokol Inc., which 
produced small quantities for captive use in 
inorganic bromides. 

Dow operated one plant in Arkansas and 
two in Michigan. Complaints of spills from 
Dow's brine operations in Michigan result- 
ed in close monitoring by the Michigan 
Department of Natural Resources. During 
the first 3 months of the year, 14 major 
spills totaling 100,000 gallons of brine were 
recorded. Michigan defined a major spill as 
5 gallons or larger, whereas EPA defined a 
hazardous spill as 2,000 gallons of brine. 
Charged with violations of Michigan's Min- 
eral Well Act, 1969, Dow announced plans 
in August to modernize the active brine 
wells, repair 150 miles of pipeline, build 
spill-containment systems at the 60 produc- 
tion and 28 reinjection wells, and improve 
its pumping surveillance. In October, plans 
to phase out brine production at its Mid- 
land, MI, plant and to increase brine oper- 
ations at Ludington, MI, and Magnolia, AR, 
were announced. New wells were drilled 
during the year in Arkansas to increase the 
quantity of brine. Dow announced the com- 
pletion of the decabromodiphenyl oxide 
(DBDPO) plant in Midland; DBDPO was 
used as a flame retardant. The new calcium 
bromide plant at Magnolia was to be com- 
pleted by 1986. 

Dow announced that it had sold one-half 
of Dowell and merged the remaining half 
into Dowell Schlumberger. An equal part- 
nership continued between Dow and 
Schlumberger Ltd. to service the interna- 
tional drilling industry, excluding the Unit- 
ed States and Canada; Schlumberger also 
planned to manage the expanded joint ven- 


ture. Decreases in drilling activity during 
1982 and 1983 contributed to making 1984 
one of the worse years in Dow's 40-year 
history. Although Dow had been a leader in 
introducing bromine compounds as high- 
density, solids-free completion, packer, and 
workover fluids in the mid-1970’s, bromine 
compounds were only about 5% of the 
available drilling industry market by 1984. 

Ethyl announced the beginning of sodium 
bromide and calcium bromide production at 
its Magnolia, AR, plant and expansions of 
capacity at its octabromodiphenyl oxide 
(OBDPO) plant in Sayreville, NJ, and its 
DBDPO plant in Magnolia, AR. DBDPO and 
OBDPO were used as flame retardants in 
acrylonitrile-butadiene-styrene products. A 
15-million-pound tetrabromobisphenol 
(TBBA) plant and a bromine chloride plant 
were completed. Bromine chloride was used 
to treat waste water. Bromochlorination 
was the most economical and practical sub- 
stitute for chlorination. Ethyl announced 
the move of the Saytech flame retardant 
applications and research center into a new 
facility adjacent to the Sayreville plant. The 
company also expanded its brine supply by 
drilling a new well. 

Great Lakes and the Federal Trade Com- 
mission (FTC) reached a final agreement in 
March 1984 concerning the Velsicol facili- 
ties acquired by Great Lakes in 1981. The 
agreement prohibited Great Lakes from 
acquiring any domestic and certain foreign 
concerns engaged in the production of ele- 
mental bromine or brominated flame re- 
tardants without prior FTC approval for a 
period of 10 years. The agreement also 
required Great Lakes to consent to license 
brominated flame retardant technology and 
know-how acquired from Velsicol to PPG 
Industries Inc. Great Lakes was also requir- 
ed to enter into a new agreement to govern 
the operation of Arkansas Chemicals Inc., a 
50-50 joint venture with PPG. The agree- 
ment would eliminate certain restrictions 
on the use of bromine purchased from 
Arkansas Chemicals by PPG; allow PPG to 
use Arkansas Chemicals bromine in the 
production of brominated compounds; and 
require Great Lakes to purchase annually a 
specified quantity of bromine from Arkan- 
sas Chemicals. 
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Great Lakes operated four plants in Ar- 
kansas; one plant was a joint venture with 


PPG. In June, Great Lakes agreed to pur- 


chase the Newport, TN, plant of Syntex 
Chemicals Inc. Syntex was a manufacturer 
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of specialty compounds, including bromi- 
nated products. Great Lakes planned to 
manufacture selected flame retardants 
under a long-term agreement. 


Table 2.—Bromine-producing plants in the United States in 1984 


Elemental 
"T" sonne 
uction plant 
State and company County Plant 5 capacityi 
(million 
pounds) 
Arkansas: 
Arkansas Chemicals Ine Union El Dorado Well brines 50 
The Dow Chemical CI0o _~- Columbia Magnolia e 110 
, Sats 8 eee conc dg. cos 5 5 160 
Great Lakes Chemical Corp - - - t Union El Dorado songs SOO) as im 105 
Do ig Sas ] é _._--do ... Marysville _ _ kote ae OO ce 
Doct iol 88 -..-do ___ El Dorado 80 50 
Michigan: 
The Dow Chemical o Mason Ludington _ _ FRONS. ere ee 20 
Do oM Midland Midland e 85 
Morton Thiokol Inc Manistee. _ _ Manistee _ _ _ usns dO tco 25 
//õÜö§;1˙.b0ũĩ D ð t x d dd k ĩ e 665 


Chemical Marketing Reporter. Chemical Profile. V. 221, No. 17, Apr. 26, 1982, p. 58. 
2Chemical Marketing Reporter. Chemical Profile. V. 203, No. 20, May 14, 1973, p. 9. 


CONSUMPTION AND USES 


Demand for EDB decreased because of 
reduced demand for leaded' gasoline as a 
consequence of the regulation of lead levels 
in gasoline that had become effective in 
1982. The ban on EDB as a space and soil 
fumigant further decreased demand for 
EDB by approximately 20 million pounds 
during 1984. Despite the continuing de- 
crease in use of EDB, demand for bromine 
in other products, such as flame retardants, 
clear well-completion fluids, and agricultur- 
al chemicals, increased worldwide. 

U.S. methyl bromide production in 1984 
was consumed as follows: soil fumigant, 
65%; space fumigant, 15%; chemical proces- 
sor, 10%. The remaining 10% of production 
was exported. During the year, Ethyl en- 
tered the market with 7 million pounds of 
methyl bromide capacity. Great Lakes was 
reported to have 36 million pounds of capac- 
ity. Dow had closed its 21-million-pound- 
per-year plant at Midland, MI, in August 
1983.° 

The rate of hydrocarbon well drilling in 
1984 was 86% of the 1981 record. Brominat- 
ed derivatives used in oil and gas drilling 
were not as severely affected by the de- 
crease in well drilling as clay and barite. 
Estimates put the market for clear fluids at 
an excess of $200 million per year. 10 

Biocidal chemicals were used widely in 


industrial processes and products to keep 
equipment and working media free from 
biological contamination and to extend the 
life of such diverse materials as paint, 
cosmetics, food, and wood. One of the larger 
market sectors for biocides was industrial 
water treatment. Between 12 and 16 million 
pounds of chemicals were used; of which, 
sodium hypochlorite and chlorine account- 
ed for about 90%, and the balance was 
proprietary biocides. Organo-bromine com- 
pounds were used because their quick hy- 
drolysis and action suited them to systems 
with short contact times. These compounds 
were effective against a wide range of 
organisms.! Great Lakes manufactured 
Aquabrome (a bromine water treatment 
chemical that was less irritating to the eyes 
and skin than chlorine compounds) and 
SpaBrom sanitizers for hot tubs, in which 
high temperatures cause chlorine chemicals 
to break down. 

Brominated hydrocarbons accounted for 
14.196 of total flame retardants consumed 
in 1982. The U.S. merchant market for 
flame retardants was 412 million pounds 
valued at about $257 million in 1982. Ap- 
proximately 8596 of these flame retardants 
was used in plastics.!? The largest markets 
in plastics were acrylonitrile-butadiene- 
styrene, epoxy resins, and polystyrene. Bro- 
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minated organic chemicals were used in 
plastic electronic equipment, among other 
applications. Great Lakes DE-60F, penta- 
bromodiphenyl-oxide, 60% bromine, was 
gaining usage in flexible foams, including 
polyester and polyester-based systems. The 
product satisfied the requirements of Cali- 
fornia Bulletin 117, passing its open-flame 
test at low loadings and providing effective 
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smoldering resistance and maintenance of 
foam properties, particularly weight reten- 
tion in the smolder test.“ About 15% of 
total revenues at Great Lakes was attribut- 
ed to TBBA. TBBA, other flame retardants, 
and the Halon line of fire-extinguishing 
agents accounted for almost one-third of the 
company's gross revenues in 1983." 


PRICES 


Great Lakes announced an elemental bro- 
mine price increase, effective August 1, 
1984, of 3 cents per pound. The company 
attributed the increase to the continued 
rising costs of raw materials and manu- 
facturing. The increase followed a similar 
increase in July by Dow. Ethyl announced a 
price increase effective August 1 to raise the 
price of elemental bromine from 33 to 36 
cents per pound, f.o.b. Magnolia, AR. The 
price increase was attributed to increased 
costs for driling new wells and for raw 
materials, particularly chlorine. 

On July 16, Ethyl reduced off-price allow- 
ances for spot purchases of Saytex 102, 
DBDPO, as allowed by contract terms. 
DBDPO, the brominated flame retardant 
having the second largest market, was used 
widely in polyolefins, polystyrene, and engi- 
neering plastics. The change in the allow- 
ance increased the list price from $1.80 to 
$1.85 per pound. This increase was neces- 
sary to meet higher production costs, princi- 
pally the cost of chlorine. Other manufac- 
turers were selling DBDPO for $1.59 to 
$1.80 per pound. 

On October 1, Great Lakes increased the 


prices of two major flame retardant prod- 
ucts, BA-59 and BA-59P grades of TBBA, by 
4 cents per pound. The new prices applied to 
standard truckload and less-than-truckload 
quantities and reflected increases in raw 
material and manufacturing costs. 

Great Lakes announced price increases 
for bromine-based workover and completion 
fluids used by the oil and gas drilling 
industries to become effective January 1, 
1985. Prices for dry calcium and sodium 
bromides were to increase by 2 cents per 
pound, and prices for calcium-, sodium-, and 
zinc-bromide solutions by 1 cent per pound. 
At yearend, list prices for solutions were as 
follows: calcium bromide, 25 cents per 
pound; sodium bromide, 27 cents per pound; 
and zinc bromide, 62.5 cents per pound. 
New list prices for dry material were calci- 
um bromide, 71 cents per pound, and sodi- 
um bromide, 56.5 cents per pound. All 
prices were for material delivered to the 
gulf coast. The increases were attributed to 
higher raw material costs and to capital 
investments required to assure long-term 
supply of elemental bromine. 


Table 3.—Yearend 1984 prices for elemental bromine and selected compounds 


Value per 
Product pound (cents) 
Ammonium bromide, national formulary (N.F.), granular, drums, carlots, truckloads, freight equalized 131 
Bromine, purified: 
Carlots, truckloads, delivereseee dk 75 
Drums, carlots, truckloads, delivered east of the Rocky Mountain“ 87 
Bulk tank car, tank trucks (45,000-pound minimum), delivered east of the Rocky Mountains! _ _ _ _ 33 - 34.5 
Bromochloromethane, drums, carlots, f.o.b. Midland, Ml. .. 2222222222222 112 
Calcium bromide, bulk, 14.2 pounds per gallon at 60° F,f.o.b. works 20 - 25 
Ethyl bromide, technical, 98%, drums, carlots, freight allowed, East. 76 
Ethylene dibromide, drums, carlots, freight equalized ______________________________ 38 - 46 
Hydrobromic acid, 48%, drums, carlots, truckloads, fo.b. works 38.5 
Hydrogen bromide, anhydrous, cylinders, extra, 30,000 pounds, f.o.b. works 100 
ethyl bromide, distilled, tanks, 140,000-pound minimum, freight allowed |... .. 56.75 
Potassium bromate, granular, powdered, 200-pound drums, carlots, f.o.b. workkkss 106 
Potassium bromide, N. F., granular, drums, carlots, f.o.b. works „ 112 
Sodium bromide, 99% granular, 400-pound drums, freight, f.o.b. works 104 


Delivered prices for drums and bulk shipped west of the Rocky Mountains, 1 cent per pound higher. Bulk truck prices 
1 to 2.5 cents per pound higher for 30,000-pound minimum and 4 to 5.5 cents per pound higher for 15,000-pound minimum. 


2Reported to the Bureau of Mines by primary producers. 


Source: Chemical Marketing Reporter. Current Prices of Chemicals and Related Materials. V. 226, No. 27, Dec. 31, 1984, 


pp. 20-27. 
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FOREIGN TRADE 


Exports of bromine-containing com- 
pounds reported by the Bureau of the Cen- 
sus decreased during the year. The majority 
of these exports was EDB. 

Approximately 81% by quantity and 77% 
by value of imports of bromine and bromine 
compounds reported by the Bureau of the 
Census were from Israel. The closer proxim- 
ity of Israel to overseas markets gave Israeli 
bromine an advantage in transportation 
costs compared with that of U.S. exports. 
Other countries from which bromine and 
bromine compounds were imported by the 
United States were France, 8%; the United 
Kingdom, 7%; and other, 4%. These imports 
included sodium bromide, 64%; potassium 
bromate, 22%; potassium bromide, 12%; 
and negligible quantities of elemental bro- 
mine and EDB, 2%. Because imported bro- 
mine compounds were contained in many 
products, some of the compounds were not 
easily identified through Census data. 

In July, the office of the U.S. Trade 
Representative (USTR) announced the ac- 
ceptance of petitions to remove duty-free 
status from a beneficiary developing coun- 
try for a product on the list of eligible 
articles for the Generalized Systems of Pref- 
erence (GSP). The U.S. Bromine Alliance, 
including Dow, Ethyl, and Great Lakes, 
submitted 13 petitions to modify the eligibil- 
ity of brominated compounds. The Bromine 
Alliance suggested that many of these com- 
pounds would not be eligible for GSP if they 
were not included in categories that hid the 
magnitude of imports. The GSP subcommit- 
tee of the USTR accepted the petitions to 
remove GSP from ammonium bromide, bro- 
motrifluoromethane, calcium bromide, di- 
bromoneopentyl glycol, ethyl bisbromonor- 
bornane, hydrobromic acid, methyl bro- 
mide, monobromoacetic acid, potassium bro- 
mate, sodium bromate, zinc bromide, and 
mixtures in whole or part bromine. The 


Trade Policy Staff committee of the USTR 
held hearings in October for submissions in 
support of or in opposition to any petition 
contained in the announcement. The Inter- 
national Trade Commission (ITC) also held 
hearings in October to determine the im- 
port sensitivity of the articles petitioned. 
Statutory authorization for the GSP pro- 
gram was scheduled to expire on January 3, 
1986. 

The Bromine Alliance opposed the inclu- 
sion of bromine chemicals in a free trade 
agreement with Israel. Israel had been the 
only major bromine producer in the market 
economy countries, other than the United 
States. The position of the Bromine Alliance 
was that (1) the inclusion of bromine chemi- 
cals in the proposed free trade zone would 
cause severe adverse economic conse- 
quences to the domestic bromine industry, 
(2) the domestic industry had been affected 
by environmental regulations, including the 
phaseout of EDB as a gasoline additive in 
leaded gasoline, the ban on EDB as a soil 
and space fumigant, and the Superfund tax, 
and (3) Israel already had duty-free access 
under the GSP and most-favored-nation sta- 
tus for about 90% of these imports. Further- 
more, imported bromine compounds were 
not subject to a Superfund tax, although 
they contributed to hazardous wastes for 
which disposal was paid through Superfund 
tax contributions by the domestic industry. 

The ITC found that a number of bromine 
products were vulnerable to Israeli competi- 
tion. In September, the USTR agreed to a 3- 
year moratorium on including bromine 
products in the proposed free-trade agree- 
ment with Israel. The USTR agreed not to 
reduce tariffs on import-sensitive products 
from Israel before its negotiating authority 
expires on January 3, 1988. Israel was also 
to be asked to phaseout Government sub- 
sidy of its bromine industry. 


WORLD REVIEW 


European Economic Community.—In re- 
sponse to growing pressure from environ- 
mentalists, the European Economic Com- 
munity (EEC) planned to mandate the use 
of unleaded gasoline and tighten regula- 
tions on automobile exhaust emission lev- 
els. The reduced emission of lead would also 
reduce the use of EDB as a lead scavenger. 
The EEC commission was expected to move 


to U.S. standards. Many European car mak- 
ers favored two gasoline grades, such as 91 
and 96 octane. 

Israel.—Israel produced bromine at ca- 
pacity during 1980-84 from the waste bit- 
terns of potash production along with chlo- 
rine and caustic soda. Israeli bromine ex- 
ports during 1984 were shipped to Europe, 
60%; the Far East, 20%; and other coun- 
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tries, 20%. Total exports of bromine and 
bromine compounds to the United States 
had doubled since 1981. 

Bromine Compounds Ltd. (BCL), a 50-50 
venture between Dead Sea Works Ltd. 
(DSW) and Dead Sea Bromine Co. Ltd. 
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(DBC), produced bromine and bromine com- 
pounds at its new plant at Ramat Hovav 
and its old plant at Beersheba. DBC was 
100% owned by DSW, an 89% Government- 
owned company. 


Table 4.—World bromine plant capacities and sources 


1Table includes data available through Apr. 30, 1985. 


Capacity 
Country and company Location (million Source 
pounds) 
China 
ꝙ/)]. TUN EP Iksaydam ... NA Underground brines. 
France 

Atocherni ce ⁵ ⁵ ⁵ ¼T— 83 Port-de-Bouc_ _ 30 Seawater. 

Mines de Potasse d'Alsace S.A K. Mulhouse 19 Bitterns of mined potash 
production. 

Germany, Federal Republic of: 
Kali und Salz AG: 
Bergmannssegen-Hugo Mines Lehrte : Ba 
Salzdetfurth Mine Bad 
Salzdetfurth. 
India: 

Hindustan Salts Lt Jaipur _____ 

Mettur Chemicalses Mettur Dam 1.6 Seawater bitterns from 
salt production. 

Tata Chemicals Mithapur _ _ 

Israel: 

Dead Sea Bromine Co. Ltd Beersheba .... 154 Bitterns of potash produc- 
tion from surface 
brines. 

Italy: 

Šocietà Azionaria Industrial Bromo Italiana Margherita di 2 Seawater bitterns from 

Savoia. salt production. 

Japan: 

Asahi Glass Co. Ltd Kitakyushu _ _ 9 Seawater bitterns. 
T Toyo Soda Manufacturing Co. Ltd - - - -- - -- -- --- Nanyoo 26 Do. 

pain: 

Derivados del Etilo S.A _~_________________- Villaricos _ 2 Seawater. 
U.S. S. R.: 

ùĩÄ˙Ü¹¹A A RT ue ] , . eee ee „ 150 Underground brines. 
United Kingdom: 

Associated Octel Co. Ltd. _________________-_ Amlwch .... 66 Do. 

NA Not available. 
Table 5.—Bromine: World production, by country! 
(Thousand pounds) 
Country? 1980 1981 1982 1983P 1984* 

France nnus ĩð : iE 336,332 36,000 20,000 22,000 25,000 
Germany, Federal Republic ol 8,832 7,864 6,775 6,914 7,000 
// 8 3736 770 770 770 770 
JJ 0 a 86 97,133 97,047 154,000 e154, 000 198,400 
!! et ˙¹ ̃ ⅛ ¹rt 0 1.300 11,320 1.320 1.100 1.100 
/%Côöô—? a ĩͤ w ĩͤ v En 26.500 26,500 26,500 26,500 26,500 
)))) cen So Rb c ce A ge rr 900 900 800 700 660 
USSR oscars n ns ate ahd 148,000 150,000 150,000 150,000 154,000 
United Kingdom________________________-__~- 58,202 60,848 65,698 56,879 57,300 
United stets Acme ct 378,170 377,097 401,100 ‘£870,000 385, 000 

J; öĩÄͤêĩ1³[ «˙ ð ete ee he 756,105 758.346 826,963 788,863 855,730 

“Estimated. Preliminary. Revised. 


zln addition to the countries listed, several other nations produce bromine, but output data are not reported, and 
available general information is inadequate for formulation of reliable estimates of output levels. 


3Reported figure. 
*Sold or used by producers. 
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Israel developed a new process for produc- 
tion of calcium bromide. The new process 
used an organic solvent to extract the chem- 
ical from the waste bitterns of potash pro- 
duction, thus deleting intermediate process- 
ing steps. The conventional energy consum- 
ing and costly process had used the reaction 
of hydrogen bromide with calcium hydrox- 
ide. BCL began construction of a pilot plant 
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to make 2 to 4 million pounds of calcium 
bromide per year. Pending the success of 
the pilot plant, BCL planned to build a 
commercial-scale plant. In addition, ICL 
planned to spend $1 billion during the next 
5 years on expansion and new projects, 
including expanded bromine and bromine 
compound production to 240 and 220 million 
pounds per year, respectively.“ 


TECHNOLOGY 


Texaco Inc. was developing a new method 
of homogeneous catalysis for making basic 
organic chemicals from synthesis gas. Since 
1960, 90% of new acetic acid production 
uses a methyl iodide catalyst. The catalyst 
precursor used three elements, including a 
low melting quarternary phosphonium-salt, 
such as tetrabutylphosphonium bromide as 
the reactor medium. Homogeneous cataly- 
sis by metals is inherently selective and 
reproducible, and usually exhibits good 
yields. Molten salts have good heat transfer 
properties, dissolve a wide range of materi- 
als, and generally promote high reaction 
rates. A ruthenium compound couple dis- 
persed in a bromide system was selected for 
an intensive study of the reaction mecha- 
nisms. The system had demonstrated that 
the catalyst can be recycled. Methanol was 
produced by the initial reaction, but ethyl- 
ene glycol can also be produced. 

A mixture of potassium bromide and 
graphite between the faces of two diamond 
anvils was compressed and subjected to a 
pcwerful laser that converted the graphite 
to diamond and partially melted a tiny 
portion of the diamond anvil face. This was 
the first time that melting of a diamond 
face had occurred. 

Modern studies identified Tyrian purple 
as a brominated form of indigotin, the color- 
producing compound in indigo dye. The 
bromine gives Tyrian purple its reddish 
tinge. The dye, a secreted mucus from a sea 
snail, was a 50-50 mix of plain and bromi- 
nated indigotin. is 

Methyl bromide was encapsulated in zeo- 
lites to obtain a free-flowing powder from 
which the nematocide could be released 
slowly. The microencapsulation was techni- 
cally difficult and required a low-temper- 
ature system for slow release.!? 

Potassium bromate crystals were grown 
from aqueous solutions of sodium nitrate- 
promoted monoclinic crystals and lead 
nitrate-promoted rhombohedral crystals. 
Halogen crystals are not symmet- 
rical and are important in nonlinear optics, 


acoustic electronics, and other areas of ap- 
plied physics. 

Electrochemistry can deal with com- 
pounds more highly functional than simple 
petrochemicals. The conditions can be as 
forcing or as mild as required, merely by 
setting the voltage. Using electrochemistry, 
a bromine compound can be used as a redox 
catalyst to obtain benzoates in very high 
yields at the potential that would normally 
only give the acetals, and the catalyst was 
recycled over 2,500 times. A bromine cata- 
lyst has been used to make calcium glu- 
conate using electrochemistry. In India, bro- 
moform was produced from ethanol by an 
electroorganic process.?! 


! Physical scientist, Division of Industrial Minerals. 
2Federal Register. U.S. Environmental Protection Agen- 


Cy. lation of Fuels and Fuel Additives; Lead Phase 
Down. V. 49, No. 150, Aug. 2, 1984, pp. 31032-31050. 
3———. U.S. Environmental Protection Agency. Ethyl- 


ene Dibromide; AE oeras Tolerance. V. 49, No. 156, Aug. 
10, 1984, pp. 32088-32090. 

. U.S. Environmental Protection Agency. Ethyl- 
ene Dibromide Pesticide Products; Procedures for Submis- 
sion of Claims for Indemnification and Disposal. V. 49, 
No. 247, Dec. 21, 1984, pp. 49796-49802. 

5. U.S. Environmental Protection Agency. Ethyl- 
ene Dibromide. Proposed Revocation of Exemption From 
the Requirement of a Tolerance. V. 49, No. 36, Feb. 22, 
1984, pp. 6696-6700. 

SPesticide & Toxic Chemical News. Ways and Means 
Superfund Taxation Scheme Accepted by House. V. 12, 
No. 40, Aug. 15, 1984, pp. 20-30. 

"Federal Register. Tolerance and Exemptions From 
Tolerences for Pesticide Chemicals in or on Raw Agricul- 
tural Commodities; Bromoxynil. V. 49, No. 46, Mar. 7, 
1984, pp. 8441-8442. 

5— -—. Arkansas Oil and Gas Commission; Under- 
ground Injection Control; Program Approval. V. 49, No. 59, 
Mar. 26, 1984, p. 11179. 

?Chemical Marketing Reporter. Profile. 
V. 227, No. 7, Feb. 18, 1985, p. 54. 

10Chemical Week. Great Lakes Chemical. V. 134, No. 12, 
Mar. 21, 1984, pp. 74-77. 

" Manufacturing Chemist. Chemicals as Biocides. V. 55, 
No. 2, Feb. 1984, pp. 24-26. 

"Goodwin, W. Flame Retardant Manufacturers: In 
Control of Their Own Destiny? Chem. Mark. Rep., v. 225, 
No. 19, May 7, 1984, p. 39. 

13Work cited in footnote 2. 

1 Wood, A. S. Additives for Hybrids, Low-Smoke Phos- 
horus; Wherever You Look There's Something New in 
lame Retardants for Urethane Foams. Mod. Plast., v. 61, 

No. 5, May 1984, p. 60. 

15Chemical Week. International Newsletter. V. 136, 
No. 11, Mar. 13, 1985, p. 17. 

16Chemical & Engineering News. Texaco Developing 
Melt Catalysis System. V. 62, No. 17, Apr. 23, 1984, p. of 
* Science. Cornell Team Uses Laser to Melt 
Diamond Surface. V. 62, No. 36, Sept. 3, 1984, p. 25. 
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18Science News. Science News of the Week. Blue- qud ub d. 8 s Ne en = 2n sea 
der : and L. F. Zaytseva. Growing Potasium Bromate Crysta 
Turpe T of Antiquity Reborn. V. 126, No. 10, Sept. 8, From Aqueous Solutions of Lead and Sodium Nitrate. 
irr aid Novosibirsk Izvestiya Sibirskogo Otdeleniya Akademii 
Markus, A., I. Eger, M. Mhasalkar, Z. Pelah, and A. Nauk SSSR: Seriya Khimicheskikh Nauk. (in Russian), 
Galun. Encapsulation of Methyl Bromide in Zeolites. J. of v. 15, No. 5, Sept. 1984, pp. 51-55. 
Colloid and Interface Sci, v. 94, No. 1, July 1983, 21 Jansson, R. Organic Electrosynethesis. Chem. & Eng. 
pp. 284-285. News, v. 62, No. 47, Nov. 19, 1984, pp. 43-57. 
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Cadmium 


By Patricia A. Plunkert: 


Domestic production of cadmium metal 
increased significantly in 1984. A low level 
of cadmium stocks held by producers and 
distributors at the end of 1983 contributed 
to the need for increased domestic produc- 
tion during 1984. Large volumes of metal 
were also shipped to cadmium compound 
producers as the demand for various com- 
pounds, especially cadmium oxide, contin- 
ued to be strong. The tightness of cadmium 
supply, especially during the first half of 
1984, contributed to a rapid rise in metal 
prices during that period. As the supply of 
cadmium increased, prices began to de- 
crease and closed the year slightly above 
the 1983 yearend price levels. 


Domestic Data Coverage.—Domestic pro- 
duction data for cadmium metal and com- 
pounds are developed by the Bureau of 
Mines from a voluntary survey of U.S. 
operations. Of the five metal-producing 
plants to which a survey request was sent, 
all responded, representing 100% of the 
total cadmium metal production shown 
in tables 1 and 5. Of the 11 compound- 
producing operations to which a survey 
request was sent, 10 responded, represent- 
ing an estimated 99% of the total compound 
production shown in tables 3 and 4. Produc- 
tion for the remaining nonrespondent was 
estimated using prior year production lev- 
els. | 


Table 1.—Salient cadmium statistics 


United States: 


Production! __________________ metric tons 
Shipments by producers? ______________ do- 
III ³ A Le thousands 
Exports —— ]ð³A]·]·Ü¹Ü¹ÜA¹ð˙ ELI metric tons. . 
Imports for consumption, metall do: us 
Apparent consumptiobnnnn do- 
Price: Average per pound? dd 
World: Production. |... metric tons. . 
*Estimated. Preliminary. ‘Revised. 


1980 1981 1982 1983 1984 
1.578 1.603 1.007 1.052 1.686 
1.271 1.382 1.832 1.495 1.811 

$5,219 $3,838 $2,628 $1,786 $2,581 

236 239 11 170 106 
2,617 3,090 2,305 2,196 1,889 
3,534 4,378 3,728 3,763 3,371 
$2.84 $1.93 $1.11 $1.13 $1.69 
718,238 717,381 16,378 P16,725 €17,687 


1Primary and secondary cadmium metal. Includes equivalent metal content of cadmium sponge used directly in 


production of compounds. 
2Includes metal consumed at producer plants. 


Average quoted price for cadmium sticks and balls in lots of 1 to 5 tons. 


Legislation and Government  Pro- 
grams.—On March 8, the Environmental 
Protection Agency (EPA) issued final regu- 
lations under the Clean Water Act for 
specified nonferrous metals manufacturing 
operations that limit the discharge of pollu- 
tants by existing and new operations into 
navigable waters and into publicly owned 
treatment works. Daily and monthly aver- 
age maximum effluent limits for cadmium 
varied according to type of manufacturing 
operation and effluent source.? 

On March 9, EPA also issued final regula- 


tions that established effluent limitations 
guidelines and standards to be met by 
existing and new battery manufacturing 
operations. The cadmium  subcategory, 
which is one of seven subcategories covered 
by these regulations, limits discharges of 
pollutants into navigable waters and into 
publicly owned treatment works from the 
manufacturing of cadmium anode batteries. 
The cadmium effluent limitations varied 
according to the type of electrode produced 
and the electrode manufacturing process 
that was used.? 
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During the year, EPA also issued final 
regulations covering effluent discharges 
from the production of cadmium pigments 
and salts including cadmium chloride, cad- 
mium nitrate, and cadmium sulfate salts.* 

The Hazardous and Solid Waste Amend- 
ments of 1984, Public Law 98-616, which 
was signed by the President on November 8, 
set limits on the disposal of toxic materials 
such as cadmium in landfills. Land disposal 
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of liquid wastes containing cadmium metal 
or cadmium compounds at concentrations 
greater than or equal to 100 milligrams per 
liter, cadmium content, were prohibited. 
This law was to take effect 32 months after 
enactment. 

The National Defense Stockpile goal for 
cadmium metal remained at 5,307 metric 
tons. As of December 31, 1984, the stockpile 
inventory was 2,871 tons of cadmium metal. 


DOMESTIC PRODUCTION 


Domestic production of cadmium metal 
and compounds increased significantly com- 
pared with that of 1983. Because cadmium 
stocks were low and imports declined dur- 
ing 1984, cadmium consumers relied on 
increased domestic production to meet their 
needs. Also contributing to the increase in 
domestic production was the reopening of 
ASARCO Incorporated's zinc refinery in 
Corpus Christi, TX, which recovered cadmi- 
um from residues generated during the 
processing of zinc ores and concentrates. 
This plant, which had been closed since 
October 1982, resumed production in April 
1984. | 


On May 10, Gulf + Western Industries 
Inc. (G+W) announced the sale of its 60% 
interest in Jersey Miniére Zinc Co. to Union 
Zinc Co., the U.S. subsidiary of G+W’s 
Belgian partner, Union Miniére SA. Includ- 
ed in the sale were the zinc refinery at 
Clarksville, TN, and two operating zinc 
mines, also situated in Tennessee, the 
Gordonsville and Elmwood Mines. 

In early August, Fluor Corp., the parent 
of St. Joe Resources Co., announced that it 
had purchased the National Zinc Co. from 
Intercontinental Development Corp. Na- 
tional Zinc operated an electrolytic zinc 
refinery in Bartlesville, OK. 


Table 2.—Primary cadmium producers in 


the United States in 1984 


Company 


AMAXInc.. 
ASARCO Incorporated _ _ _ _ 


Jersey Minière Zinc Co 
National Zinc o- 


Table 3.—U.S. production of cadmium 
compounds other than cadmium sulfide! 


(Metric tons) 
Quantity 
Year (cadmium 
content) 
BO PRSE TRECE 826 
| L1. NEP „—— 885 
| | ae oe ee a a E ee ee 971 
/// Schaal, fe Pine ees eee lad ey REN 1,024 
Jö On v ae mE Re east NUR 1,510 


Includes plating salts and oxide. 


Plant location 


Sauget, IL. 

Corpus Christi, TX, and 
Denver, CO. 

Clarksville, TN. 

Bartlesville, OK. 


Table 4.—U.S. production of cadmium 
sulfide! 


(Metric tons) 


Quantity 
Year (cadmium 
content) 
ewe i hes So TS a ĩ ˙ Chet Shed Sedge 801 
JJJJ!˙§ö;§1⁵ y 527 
J;ö˙' ⅛ð m a aE aaa 374 
Jö ³Ü¹¹¹• ͤ Kü hak eset aS 670 
I;·*r ae ³ĩV——.ö ͤ ar 771 


includes cadmium lithopone and cadmium sulfosele- 
nide. 
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CONSUMPTION AND USES 


Apparent consumption of cadmium 
decreased compared with that of 1983. AI- 
though the Bureau of Mines does not collect 
actual consumption data, apparent con- 


sumption by use categories was estimated 
as follows: coating and plating, 34%; batter- 
ies, 27%: pigments, 16%; plastic stabilizers, 
15%; alloys and other uses, 8%. 


Table 5.—Supply and apparent 
consumption of cadmium 


(Metric tons) 
1982 1983 1984 
Stocks, Jan. l _ 1,844 1,417 132 
Production 1.007 1.052 1,686 
Imports, metall 2,305 2,196 1,889 
Total supply _________~- 5,156 4,665 4,307 
xports --------------- 11 170 106 
Stocks, Dec. 31 _-_________- 1,417 732 830 


3.763 3,371 


Total supply minus exports and yearend stocks. 


STOCKS 


Total inventories of cadmium in all forms 
increased 13% compared with those of 1983 
but were still considered to be at a low level. 
Stocks of the metal form continued to de- 
cline and reached their lowest level in over 


30 years. The increase in total cadmium 
stocks during 1984 was due mainly to a 
buildup in cadmium compound stock levels 
held by compound manufacturers and met- 
al producers. 


Table 6.—Industry stocks, December 31 
(Metric tons) 


Metal producers 
Compound manufacturers... ---------------—---— 
Distributors 25 2 I" --—-——-—-————— EO 


1983 1984 
Cadmium Cadmium 
Cadmium in Cadmium in 
metal com metal com 
pounds pounds 
"E 209 W 208 W 
DRE 49 378 59 509 
c 91 5 52 2 
eee 349 383 319 511 


W Withheld to avoid disclosing company proprietary data; included with Compound manufacturers.“ 


PRICES 


At the beginning of 1984, AMAX Inc. was 
the only domestic producer with a publish- 
ed price for cadmium metal. In January, 
AMAX listed a price of $1.25 per pound for 
cadmium metal, which was raised to $1.50 
per pound on March 1. AMAX announced a 
further price increase to $2.25 per pound ón 
April 1. On July 12, National Zinc, which 
had suspended list prices during 1983, pub- 
lished a price of $1.55 per pound for cadmi- 


um metal. On August 1, AMAX lowered its 
price to $1.55 per pound where it remained 
through yearend. In late November, howev- 
er, National Zinc announced a further price 
reduction to $1.25 per pound for cadmium 
metal. 

Dealer prices in January were listed at 
$0.90 to $0.95 per pound for cadmium metal. 
These prices fluctuated during the first part 
of the year and reached a record high of 
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$1.75 to $1.80 per pound in late April. In 
mid-May, dealer prices began to decrease. 
This trend continued throughout the latter 


half of 1984, and dealer prices for cadmium 
metal closed the year at $1.11 to $1.15 per 
pound. 


FOREIGN TRADE 


Exports of cadmium metal and cadmium 
in alloys, dross, flue dusts, residues, and 
scrap decreased compared with those of 
1983 and remained well below the average 
amount of material exported during the 
previous 5-year period. The three largest 
recipients in 1984, in descending order of 
receipts, France, Canada, and Finland, 
received approximately 90% of U.S. cadmi- 
um exports. 

Cadmium metal imports for consumption 
continued to decrease and reached their 
lowest level since 1974. The principal sup- 
plying countries, in descending order of 
receipts, were Canada, Australia, Mexico, 
and the Federal Republic of Germany. 


Imports of metal and flue dust from most 
favored nations (MFN) continued to be duty 
free. A statutory duty of $0.15 per pound 
continued to be imposed on cadmium metal 
imported from non-MFN. 


Table 7.—U.S. exports of cadmium metal 
and cadmium in alloys, dross, flue dust, 
residues, and scrap 


Quantity Value 
Year (metric (thou- 
tons) sands) 


„ Sn ee Se eie 11 $126 
c EP eet 170 351 
IJ aaa a 106 208 


Table 8.—U.S. imports for consumption: of cadmium metal, by country 


Country 


Australia 
Belgium-Luxembourg 
Canada 
Finland 
France 

Germany, Federal Republic of 
Japan 
Korea, Republic of 
Mexico 


United Kingdom 
Yugoslavia 


meee ae ei — ——— —„—̃ — T le — 


— —— H — — — —— o —— — — — — Á ae — o a M a a e —— — — 


— — — —— — — — —— — u — — — o i — — i el — — 


— — — æ — — — H—— — ſD—— HD — D — H— — — — — — — — — — — ee — 


1983 1984 

Quantity Value Quantity Value 
(metric (thou- (metric (thou- 
tons) sands) tons) sands) 
C 713 $1,160 363 $792 
5 15 54 (2) 3 
TEN teak 3938 1,877 3862 2,817 
Eee 61 87 47 126 
FC 43 79 327 119 
D it ey ae 21 34 155 343 
F 2 2 2 2 
MEER 77 84 191 
RN MCN 126 163 174 344 

e 17 23 mS 
535 35 58 35 94 
PP been mack aes 154 206 103 227 
7177. tunm ^ 10 25 
8 17 24 19 13 
F "m MS 10 37 


1General imports were as follows, in metric tons: 1983—2,191 and 1984—1,898. 


2Less than 1/2 unit. 
3Includes waste and scrap (gross weight). 


WORLD REVIEW 


The European Economic Community 
(EEC) announced a tightening of the regula- 
tions on cadmium and lead levels in ceramic 
plates and food storage containers. The 
regulations, to take effect in 1987, covered 
the amount of lead or cadmium likely to be 
leached from these articles rather than the 
total metal content. Both cadmium and lead 
can be used as pigments in housewares.5 

Brazil.—Cia. Industriel e Mercantil Inga 
S.A. announced that it expected to raise 


cadmium production capacity levels from 3 
tons per month to 6 tons per month during 
1985, with a target of 12 tons per month in 
1986.¢ " 

Chile.—El. Toqui lead-zinc-silver mine 
was inaugurated in November 1983 by So- 
ciedad Contractual Minera el Toqui Ltda. A 
concentration plant was designed to process 
150 tons of ore per day. The zinc concen- 
trates and lead-silver concentrates produc- 
ed were expected to contain significant 
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amounts of cadmium as well as copper, 
silver, and gold.“ 

India.—Hindustan Zinc Ltd. announced 
the opening of the Rajpura-Dariba Mine 
located in Rajasthan State, northeast of 
Udaipur. The mine was inaugurated in 
April 1983. The rated capacity of this mine 
was 900,000 tons of ore per year. The 
cadmium content of the 93,000 tons of zinc 
concentrates, 25,000 tons of lead concen- 
trates, and just under 4,000 tons of copper 
concentrates expected to be produced annu- 
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ally was estimated at 173 tons per year.* 
Thailand.—In November, the Padaeng 
Industry Co. began production of high-grade 
slab zinc at its new electrolytic zinc refinery 
at Tak. At yearend, the byproduct cadmium 
cake, containing 23% cadmium plus other 
residual metallic salts, was being carefully 
stored to prevent environmental contami- 
nation. Commercial cadmium extraction 
from this cake was not considered viable at 
the time but could become so in the future.“ 


Table 9.—Cadmium: World production, by country 


(Metric tons) 


Country 1980 1981 1982 1983P 1984* 
II ³ðWA Le ELLE LED ie dde 260 65 65 150 50 
Argentina- —----------------------———— 18 — 21 219 20 
Australia (refinedh) )))) 1,012 1,031 1,010 1,100 1,200 
Aüstria nei E cx ril cs muU Led le eee, ae 36 55 48 46 45 
Belgium uum ss ees ³ↄð 11.524 1,176 996 800 850 
Z wm ee arde e e ee LUE 41 45 73 189 180 
Bug) 8 7210 7210 200 200 200 
Canada(refined) ) 1,303 1,298 809 1,107 1,200 
rEõõ RE UR CRECEN mm ꝛð 2 8 250 270 300 300 300 
Finland. er rU ⁵ ³ ³ĩð A ĩ eee 581 621 566 616 600 
F ³ð2Aſ ⁰ eei mm e 789 663 3793 540 500 
German Democratic Republic? |. 16 16 16 16 16 
Germany, Federal Republic of᷑:æ::tm „ 1.194 1,192 1,030 1,095 1,100 
IIͥ..Ü¹r ß S el E 89 113 131 131 120 
TPR Eee pier OTE a tis pana QN 568 3489 3475 450 400 
f a fe SE 2,173 1,977 2,034 2,214 2,400 
Korea, North® _________________________ 140 140 100 100 100 
Korea, Republic of.. 365 300 320 r €320 300 
Mexico (refined) 778 590 607 642 650 
Nm: 8 69 "A 110 *25 25 
Netherlands 455 518 497 521 525 
OFWBY nee ee ctus m eL ee EN 130 117 104 117 110 
PB x 1e. d Eon cc Diets a nuire MO ĩ E 172 307 421 451 460 
Poland o ech an Sa oh oe ee 698 580 570 2570 570 
P; ]³ꝛ·Üð²Ü% ³ꝛ ¹mm mk ee 85 85 80 80 80 
S» ]˙ ů² 8 309 303 286 278 250 
PJ! ĩ³Ä.àVTT dL ee Eu. 2,850 2,900 2,900 3,000 3,000 
United Kingdom_______________-_______-_ | 375 278 354 340 340 
United States 1,578 1,603 1,007 1,052 21,686 
XUgOSIBVIS ³ðVA/ͥĩ a 201 208 174 48 100 
RIP uu sce nl nl ĩͤâv E ee 168 3230 281 308 310 
Zambia. inc 3 ntm 1 1 S E — sia 
JJ TTT. 718,238 717,381 16,378 16,725 17,687 
“Estimated. Preliminary. "Revised. 


1This table gives unwrought production from ores, concentrates, flue dusts, and other materials of both domestic and 
imported origin. Sources generally do not indicate if secondary metal (recovered from scrap) is included or not; where 
known, this has been indicated by footnote. Data derived in part from World Metal Statistics (published by World Bureau 
of Metal Statistics, London) and from Metal Statistics (published by Metallgesellschaft Aktiengesellschaft, Frankfurt am 
Main). Cadmium is found in ores, concentrates, and/or flue dusts in several other countries, but these materials are 
exported for treatment elsewhere to recover cadmium metal; therefore, such output is not reported in this table to avoid 
double counting. Table includes data available through Apr. 17, 1985. 


2Reported figure. 
3Includes secondary. 


TECHNOLOGY 


Chemische Fabrik Kalk GmbH of the 
Federal Republic of Germany announced 
the development of a low-cost method for 
removing cadmium from wet-process phos- 
phoric acid in fertilizer production. The 
process removes cadmium from the acid by 


countercurrent liquid extraction, using a 
heavy amine hydrochloride. The process 
reportedly has been on-stream at the Bud- 
denheim plant since the middle of 1983.10 
Uranium Pechiney of France reportedly 
developed an ionic flotation process to ex- 
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tract cadmium from phosphoric acid that is 
produced by digestion of phosphate rock. 
The ionic flotation process utilizes a com- 
plexing agent that combines with the cad- 
mium cations to form an insoluble deposit. 
After aeration, the cadmium-containing 
precipitate floats to the surface in a foam, 
which can then be scraped off the top." 

The National Aeronautics and Space Ad- 
ministration's Jet Propulsion Laboratory in 
Pasadena, CA, reportedly developed a mul- 
tistep process that would form semiconduc- 
tor devices on macrocrystalline films of 
cadmium or zinc. The metal film would 
reside on a sheet metal substrate, such as 
steel. Devices such as solar cells could be 
made economically by forming the desired 
surface substance directly on the metal film 
by chemical reaction.: 

Developments in cadmium technology 
during the year were abstracted in Chemi- 
cal Abstracts, a quarterly publication avail- 
able through the Cadmium Association, 
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34 Berkeley Square, London WIX 6Ad, 
England. 


Physical scientist, Division of Nonferrous Metals. 

2Federal ister. Nonferrous Metals Manufacturing 
Point Source Category; Effluent Limitations Guidelines, 
Pretreatment Standards, and New Source Performance 
Standards. V. 49, No. 47, Mar. 8, 1984, pp. 8742-8831. 

3 . Battery Manufacturing Point Source Category; 
Effluent Limitations Guidelines, Pretreatment Standards, 
and New Source Performance Standards. V. 49, No. 48, 
Mar. 9, 1984, pp. 9108-9152. 

4———. Clean Water; Inorganic Chemicals Manufactur- 
ing Point Source Category Effluent Limitations Guide- 
lines, Pretreatment Standards, and New Source Perform- 
pA Standards. V. 49, No. 164, Aug. 22, 1984, pp. 33402- 

5Metal Bulletin (London). No. 6940, Nov. 23, 1984, p. 13. 

$————— . No. 6957, Jan. 29, 1985, p. 10. 

"Mining Magazine (London). El Toqui, Chile, On Stream. 
V. 150, No. 2, Feb. 1984, pp. 121-123. 

5Jain, N. C., and K. C. Rakesh. Rajpura-Dariba Lead- 
Zinc Mine. Min. Mag. (London), v. 150, No. 1, Jan. 1984, pp. 


?Business In Thailand. Padaeng Zinc Refinery Opens. V. 
16, No. 1, Jan. 1985, pp. 24-29. 

10Chemical Engineering. V. 91, No. 3, Feb. 6, 1984, p. 12. 

Chemical Week. Low-Cadmium H3PO, for Fertilizer 
Use. V. 136, No. 8, Feb. 20, 1985, p. 25. 

"NASA Tech Briefs. Hot-Dipped Metal Films as Epi- 
staxial Substrates. V. 8, No. 3, Spring 1984, pp. 412-413. 


Calcium and Calcium 
Compounds 


By Lawrence Pelham 


Calcium, the fifth most abundant element 
in the Earth's crust, is very active and 
occurs in nature in combination with other 
elements. The Bureau of Mines publishes 
individual reports for several of these calci- 
um minerals and compounds. The commer- 
cial name for calcium fluoride is fluorspar; 
calcium carbonate is known as limestone; 
and calcium oxide is called lime or quick- 
lime. Information on these materials can be 
obtained in the Fluorspar, Stone, and Lime 
chapters of the Minerals Yearbook. Other 
calcium compounds are covered in the chap- 
ter concerning the element with which it is 
combined; for example, calcium bromide is 
discussed in the Bromine chapter. This 
chapter covers primarily calcium metal, 
calcium chloride, and various other calcium 
compounds not covered elsewhere. 

Calcium metal was manufactured by one 
company in Connecticut. Natural calcium 


chloride was produced by three companies 
in California and two companies in Michi- 
gan. Synthetic calcium chloride was manu- 
factured by one company in Louisiana, one 
company in New York, and two companies 
in Washington. 

Domestic Data Coverage.—Domestic pro- 
duction data for calcium chloride are devel- 
oped by the Bureau of Mines from a volun- 
tary survey of U.S. operations entitled ''Cal- 
cium Chloride and Calcium-Magnesium 
Chloride." Of the 11 operations to which a 
survey request was sent, 6 responded, repre- 
senting an estimated 1996 of the total pro- 
duction shown in table 1. Production for the 
five nonrespondents was estimated using 
prior year production levels and informa- 
tion gathered from trade journals and re- 
search reports adjusted by economic trends 
and other guidelines. 


DOMESTIC PRODUCTION 


Pfizer Inc. produced calcium metal at 
Canaan, CT, by the Pidgeon process—an 
aluminothermic process in which high- 
purity calcium oxide, produced by calcining 
limestone, and aluminum powder are bri- 
quetted and heated in vacuum retorts. The 
vaporized calcium metal product is collected 
as a "crown" in a water-cooled condenser. 
Pfizer accounted for an estimated 50% of 
total calcium metal production in market 
economy countries. 

Pfizer produced commercial-grade calci- 
um containing 98.5% calcium in seven 
Shapes, high-purity redistilled metal con- 
taining 99.2% calcium in four shapes, and 
an 80% calcium-20% magnesium alloy. 
Pfizer also produced an alloy consisting of 


25% calcium and 75% aluminum for use in 
maintenance-free batteries and a pure calci- 
um wire used in the steel industry to modify 
inclusions. Elkem Metal Co., a Norwegian- 
owned company with headquarters at Pitts- 
burgh, PA, produced calcium alloys at its 
plant in Alloy, WV, including a calcium- 
silicon alloy containing about 30% calcium, 
65% silicon, and 5% iron, and two propri- 
etary alloys that contain barium, and bari- 
um and aluminum. The Foote Mineral Co. 
at Exton, PA, and ASARCO Incorporated at 
New York, NY, also produced calcium al- 
loys. Pesses Co. produced calcium alloys for 
use in the production of iron, steel, and 
nickel alloys. 

National Chloride Co. of America, Cargill 


187 


188 


Inc.'s Leslie Salt Co., and Hill Bros. Chemi- 
cal Co. produced calcium chloride from dry- 
lake brine wells in San Bernardino County, 
CA. Hill Bros. Chemical began a second 
operation near Cadiz Lake. Total output in 
California increased by 20%. Natural calci- 
um chloride production in California was 
much less than in Michigan. The Dow 
Chemical Co. and Wilkinson Chemical Corp. 
recovered calcium chloride from brines in 
Lapeer, Mason, and Midland Counties, MI. 
Estimated total output in Michigan was not 
directly comparable to that of 1983 because 
of improved sources of information in 1984. 
Actual output probably increased slightly. 
Dow Chemical announced that it will phase 
out, over the next 2 years, all brine oper- 
ations at its 80-year-old plant in Midland, 
MI, and relocate its calcium chloride oper- 
ations to Ludington, MI. 

Allied Chemical Corp. recovered synthet- 
ic calcium chloride as a byproduct of soda 
ash production at its Solvay plant near 
Syracuse, NY, and as a byproduct at its 
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Baton Rouge, LA, plant using hydrochloric 
acid and limestone; Texas United Chemi- 
cal Corp. produced calcium oxide from 
purchased hydrochloric acid and limestone 
at its plant near Lake Charles, LA; Reichold 
Chemicals Inc. recovered synthetic calcium 
chloride as a byproduct of pentachlorophe- 
nol manufacture at Tacoma, WA; and Occi- 
dental Chemical Corp. manufactured calci- 
um chloride at Tacoma using limestone and 
hydrochloric acid. Total output of synthetic 
calcium chloride was unchanged. Total U.S. 
capacity for natural and synthetic calcium 
chloride in all forms, that is, flake, solid, 
anhydrous, and liquid, converted as neces- 
sary to 78% basis, was reported to be 1.5 
million short tons per year.? 

Calcium hypochlorite was produced by 
two U.S. companies: Olin Corp. and PPG 
Industries Inc. Total U.S. capacity for pro- 
ducing calcium hypochlorite was 116,500 
tons per year. Demand in 1984 was esti- 
mated to be between 65,000 and 70,000 


tons.? 


Table 1.—U.S. production of calcium chloride (75% CaCl, equivalent) 


Natural Synthetic Total 
Year Quantity Value Quantity Value Quantity Value 

(short tons) (thousands) (short tons) (thousands) (Short tons) (thousands) 
1980 _________ 581,012 — 647.950 230,123 $26,150 811,135 $74,100 
LOBE envi 704,691 61,692 212,299 27,086 916,990 88,778 
1982 ` — Eu 616, 513 61,483 236,894 31,279 853,407 92,762 
188838; 663,949 71,330 192,688 29,727 856,637 101,057 - 
1984€ | .....- 838,000 93,000 198,000 31,500 1,036,000 124,500 

*Estimated. 
CONSUMPTION AND USES 


Calcium metal was used in the manufac- 
ture of batteries, as an aid in removing 
bismuth in lead refining, as a desulfurizer 
and deoxidizer in steel refining, and as a 
reducing agent to recover refractory metals 
such as tantalum, uranium, and zirconium 
from their oxides. Some minor uses were in 
the preparation of vitamin B and chelated 
calcium supplements, and as a cathode 
coating in some types of photoelectric tubes. 
The nuclear applications of calcium metal 
give it strategic significance; foreign sales 
must be approved by the U.S. Department 
of State. State Department approval had 
been denied to countries that were not a 
signatory of the United Nations Nuclear 
Nonproliferation Treaty. 

Calcium chloride was used for road and 
pavement deicing, dust control and road 
base stabilization, coal and other bulk mate- 
rial thawing, oil and gas drilling, concrete- 
set acceleration, tire ballasting, and miscel- 
laneous uses. 


The principal use of calcium chloride was 
to melt snow and ice from roads, streets, 
bridges, and pavements. Calcium chloride is 
more effective at lower temperatures than 
rock salt and has been used mainly in the 
Northern and Eastern States. Because of its 
considerably higher price, it was used in 
conjunction with rock salt for maximum 
effectiveness and economy. 

Calcium hypochlorite was used to disin- 
fect swimming pools, which accounted for 
85% of domestic demand, and in other 
municipal and industrial bleaching and san- 
itation processes. 

Calcium nitrate was used as a concrete 
additive to inhibit corrosion of steel rein- 
forcement bars, accelerate setting time, and 
enhance strength. 

Calcium carbide and calcium-silicon alloy 
were used to remove sulfur from molten pig 
iron as it was carried in transfer ladles 
from the blast furnace to the steelmaking 
furnace. 


| 


CALCIUM AND CALCIUM COMPOUNDS 
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PRICES AND SPECIFICATIONS 


The published price of calcium metal 
crowns in quantities greater than 20,000 
pounds increased on January 1. The price of 
calcium-silicon alloy remained unchanged. 
Yearend published prices and specifications 
were as follows: 


Value per pound 
1983 1984 
Calcium metal, 1-ton lots, 50-pound 
full crowns, 10 by 18 inches, 
Ca + Mg 99.5%, Mg 0.7% MůWuI $3.05 $3.25 
Calcium-silicon alloy, 32% calcium, 
carload lots, f.o.b. shipping point 72 72 


Source: Metals Week. V. 55, No. 1, Jan. 2, 1984, p. 5; 
Metals Week. V. 55, No. 53, Dec. 31, 1984, p. 5. 


Calcium metal was usually sold in the 
form of crowns, broken crown pieces or 
nodules, or billets, which are produced by 
melting crowns in an argon atmosphere. 
The metal purity in these forms was at least 
98%. Higher purity metal was obtained by 
redistillation. 


Calcium metal was usually shipped in 
polyethylene bags under argon in an air- 
tight 55-gallon steel drum. 

Calcium chloride was sold as flake or 
pellet averaging about 75% CaCl, or as a 
liquid concentrate averaging 40% CaCl. 
Yearend published prices and specifications 
were as follows: 


Value per ton 
Calcium chloride concentrate, regular 
ade, 77% to 80%, flake, bulk, car- 
oad, workkss „ $153.00 
100-pound bags, carload, same basis 196.00 
Anhydrous, 94% to 97%, flake or pellet, 
bulk, carload, same basis -~ ~~ 217.00 
80-pound , carload, same basis 219.00 
Brining grade, 80-pound bags 285.00 
Calcium chloride liquid, 100% basis, 
tank car, tank truck, barge -- ----- 90.69 
45%, same basis 108.00 
Calcium chloride, United States Phar- 
macopoeia, granular, 225-pound 
drums, truckload, freight equalized _ _ 1,800.00 


Source: Chemical Marketing Reporter. V. 226, No. 27, 
Dec. 31, 1984, p. 21. 


FOREIGN TRADE 


Calcium chloride was exported to 52 coun- 
tries and territories. Exports of calcium 
phosphates were 40,000 tons valued at $33 
million compared with 48,000 tons valued at 
about $33 million in 1983. The leading 
destinations, in descending order, were 
Mexico, Venezuela, Taiwan, and Canada, 
with material sent to a total of 54 countries 
and territories. 

Exports of other calcium compounds, in- 
cluding precipitated calcium carbonate, to- 
taled 37,000 tons valued at $17 million 
compared with 20,000 tons valued at $13.7 
million in 1983. Material in this category 
was sent to 64 countries, mainly to in 
descending order, Mexico, the Netherlands, 
the United Kingdom, and Canada. 

Crude calcium chloride imports increased 
61% to 21,800 tons valued at $1.3 million, 
mainly from Canada. Other calcium chlo- 
ride imports amounted to 278 tons valued at 
$476,000, mainly from Canada and the 
Federal Republic of Germany. 

Imports of other calcium compounds in- 
cluded 16,900 tons of calcium carbide valued 
at $5.6 million from Canada; 4,400 tons of 
calcium hypochlorite valued at $5.4 million 
from Japan; 275,000 tons of crude calcium 
carbonate chalk valued at $1.9 million from 
the Bahamas; 16,750 tons of calcium carbon- 


ate chalk whiting valued at $3.2 million, 
mainly from France; 10,459 tons of precipi- 
tated calcium carbonate valued at $4.2 mil- 
lion, primarily from, in descending order, 
the United Kingdom, France, and Japan; 
and 170,000 tons of calcium nitrate valued 
at $17.6 million, mainly from Norway. 

Calcium metal was imported from four 
countries. China supplied 179,897 pounds; 
Canada, 54,539 pounds; France, 12,332 
pounds; and Switzerland, 2,205 pounds. U.S. 
import duties in effect during the year for 
calcium metal were 5.3% ad valorem for 
countries having most-favored-nation sta- 
tus, 3.0% ad valorem for less developed and 
developing countries, and 2596 ad valorem 
for non-most-favored. 

The U.S. International Trade Commission 
was conducting a final antidumping investi- 
gation under section 735(b) of the Tariff Act 
of 1930 concerning imports of calcium hypo- 
chlorite from Japan. The investigation was 
a result of an affirmative preliminary deter- 
mination by the U.S. Department of Com- 
merce that imports of calcium hypochlorite 
from Japan were being sold in the United 
States at less than fair value. The investiga- 
tion was requested in a petition filed by 
Olin of Stanford, CT. 
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Table 2.—U.S. exports of calcium chloride, by country 


Bo 1983 1984 
inis Short tons Value Short tons Value 
BI ⁰˙’W»yAͥAAAͥ Ax ꝛʒ aa S t E ERE EE 461 $149,985 209 $67,916 
Cameroon X cilc ð ö-ß» bL a 3,168 ; 885 211,159 
Canada Lc n unc ERU y d rv DT AT 18,382 2,435,362 20,976 658,345 
//! cuc ³y wr 88 442 49,161 816 7,086, 176 
IJJ/õÄ ⁵˙AdGddTTr(f0ͥ0ꝗ 8 454 138, 295 113,470 
Netherlands 1.660 1,742,495 2,340 634,897 
777777/ÜöÜ; in ee ⁰⁰yʒt y c es dE ae TR 1,453 ,581 
Saudi Arabia Jjjjjõͥõͤͤͤĩé!ͤ ði)n dd y 4,922 921,967 27 29,098 
f . cre ect ERE tL inet 97 16,873 1,541 752,141 
Trinidad and Tobago... ooo „„ 1.104 483,107 895 23,492 
United Arab Emirates ________________~~___------ 4,916 1,764,269 2,364 377,780 
United Kingdom k 751 159,687 606 203,065 
Venezuela 355 ⁰- --; r Se Eu ele 2,619 373,233 474 221,441 
QUIN na is i a es eh Bia a ee re ead a 11,081 1693, 103 1.181 418,150 
7üõů.õĩiididididmiddmm i. ð n 40,597 9,550,327 34,062 20,567,661 
TRevised. 
Source: Bureau of the Census. 
Table 3.—U.S. imports for consumption of calcium and calcium chloride 
Calcium Calcium chloride 
Year 
Pounds Value! Short tons Value! 
1980 c Lore eoe S ere Een dE Rn Et Ris 221,814 $581,525 46,439 $2,011,463 
IJJJ!klü t ae eA ee = 235,436 151,456 86,865 4,088,361 
I E. e aa E Liber mt 8 333,054 966,665 60,623 8,010,212 
DL MC" 332,834 866,409 13,784 11,317,016 
1 ³¹wäæ² ⁰ͥ⁰⁰ꝗd A end ete 248, 973 669,586 22,078 1,816,915 
TRevised. 
!U.S. Customs, insurance, freight. 
Source: Bureau of the Census. 
Table 4.—U.S. imports for consumption of calcium chloride, by country 
1983 1984 
Country 
| Short tons Value! Short tons Value! 
CHHBdB - ux oe nues i da ee e ER d 9,099 $603,754 18,320 $1,188,591 
Germany, Federal Republic of 61 167,632 87 246,331 
C3 sro . e i es eS 4,584 156,713 2,424 69,753 
Sweden. ta es a iy Nn y Et lal m Pa NS Ls Mt 1,214 261,761 
Other. oc ces ⁰⁰⁰ʒ S Su LI d ed 34 "488,917 33 50,419 
JJ ̃ͤ ͤ ³é A 13,784 11,317,016 22,078 1,816,915 
r Revised. 
100. S. Customs, insurance, freight. 
Source: Bureau of the Census. 
WORLD REVIEW 


Calcium metal was produced in Canada, 
China, France, Japan, and the U.S.S.R., in 
addition to the United States. The market 
economy country production of calcium 
metal was estimated to be about 1,500 tons. 
Total world production was an estimated 
2,000 tons. 


Canada, with a calcium chloride capacity 
of approximately 170,000 tons, has produced 
about 120,000 tons per year. 


Physical scientist, Division of Industrial Minerals. 


2Chemical Marketing Reporter. V. 225, No. 24, June 11, 
1984, p. 57. 


3^ —. V. 226, No. 17, Oct. 22, 1984, p. 45. 


Cement 


By Wilton Johnson! 


U.S. cement production and consumption 
increased to near record high levels, re- 
flecting a growth of building and construc- 
tion activity and continuing improvement 
in the U.S. economy. According to the U.S. 
Department of Commerce, new construction 
put in place increased 19% to $312 billion. 
Housing starts increased only slightly, from 
1.70 million units in 1983 to 1.75 million 
units in 1984. Public buildings, highways 
and streets, and other public construction 
accounted for the bulk of construction activ- 
ity. 

Imports, a sensitive indicator of domestic 
cement demand, increased 107% to 8.8 mil- 
lion short tons, the second highest level in 
U.S. history. Clinker imports were 2596 of 
the total. 

Shipments of portland and masonry ce- 
ment from U.S. plants, excluding Puerto 
Rico, increased 13% to 80 million tons. 
Shipments increased to all geographical 
regions. The follówing regions had the larg- 


est consumption gains: Pacific, 26%; New 
England, 21%; and South Atlantic, 20%. 

Plant modernization and expansion in 
California and Texas added about 700,000 
tons of new cement production capacity. 
Three plants that were idled in Colorado, 
Illinois, and Wisconsin in 1988 resumed 
production. 

Acquisition of U.S. cement plants by for- 
eign firms continued. By yearend, approx- 
imately 30% of clinker and 32% of finish- 
grinding capacity had been acquired by 
foreign interests. 

Domestic Data Coverage.—Domestic pro- 
duction and consumption data for cement 
are developed by means of the portland and 
masonry cement voluntary survey. Of the 
145 manufacturing plants to which an an- 
nual survey collection request was made, 
100% responded, representing 100% of the 
cement production and consumption data 
shown in table 1. 


Table 1.—Salient cement statistics 
(Thousand short tons unless otherwise specified) 


1980 
United States: 
Production! 75,224 
Shipments from millC“ 16,242 
value thousands $3,886,488 
Average value per ton? ? 4 _____ ; 
Stocks at mills? Dec. 31! 9155 
Imports for oonaump tion 5,244 
Consumption, apparent® $ — WW:. 71,599 
World: uction ------------ 1973, 458 


1Excludes Puerto Rico and the Virgin Islands. 
Portland and masonry cement only. 


*Includes imported cement shipped by domestic producers. 


*Value received, f.o.b. mill, excluding cost of containers. 
Quantity shipped, plus imports, minus 


1981 1982 1983 1984 
71,710 63,955 10,420 77, 700 
11,148 64,066 70,988 80,166 

"$3,723,096 $3,263,585 "$3,543,824 $4,152,258 
$51. $50.94 $49.95 $51.80 
1,912 6,758 6,711 6,866 

201 118 80 

8, 2,911 4,221 8,689 
78,321 65,623 78,435 84,318 
*977,181 972,498 P1,008,418 *1,068,721 


exports. 
* Adjusted to eliminate duplication of imported clinker and cement shipped by domestic cement manufacturers. 
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DOMESTIC PRODUCTION 


One State agency and 48 companies op- 
erated 145 plants in 40 States. In addition, 
two companies operated two plants in Puer- 
to Rico manufacturing hydraulic cement. 

Some of the data are arranged by State or 
by groups of States that form cement dis- 
tricts. A cement district may represent a 
group of States or a portion of a State. 
California, Illinois, New York, Pennsylva- 
nia, and Texas are divided to provide more 
definitive marketing information. Divisions 
for these States are as follows: 

California, Northern.—Points north and 
west of the northern borders of Kern and 
San Luis Obispo Counties and the western 
borders of Inyo and Mono Counties. 

California, Southern. —All other counties 
in California. 

Chicago, Metropolitan.—The seven Illi- 
nois counties of Cook, Du Page, Kane, Ken- 
dall, Lake, McHenry, and Will. 

Illinois. —All other counties in Illinois. 

New York, Western.—All counties west of 
a dividing line following the eastern bound- 
aries of Broome, Chenango, Lewis, Madison, 
Oneida, and St. Lawrence Counties. 

New York, Eastern. —All counties east of 
the above dividing line, except Metropolitan 
New York. 

New York, Metropolitan. —The five coun- 
ties of New York City (Bronx, Kings, New 
York, Queens, and Richmond) plus Nassau, 
Rockland, Suffolk, and Westchester Coun- 
ties. 

Pennsylvania, Eastern. —All counties east 
of the eastern boundaries of Centre, Clin- 
ton, Franklin, Huntingdon, and Potter 
Counties. 

Pennsylvania, Western.—All other coun- 
ties in Pennsylvania. 

Texas, Northern.—All counties north of a 
dividing line following the northern borders 
of Brazos, Burnet, Crockett, Jasper, Jeff 
Davis, Llano, Madison, Mason, Menard, Mi- 
lam, Newton, Pecos, Polk, Robertson, San 
Jacinto, Schleicher, Tyler, Walker, and Wil- 
liamson Counties. 

Texas, Southern.—All counties south of 
the above dividing line. 


PORTLAND CEMENT 


Clinker production in the United States, 
excluding Puerto Rico, increased 8% to 68.9 
million tons, and clinker imports reported 
by U.S. cement producers increased 154% to 
1.9 million tons. A total of 74.4 million tons 


of portland cement was ground in the Unit- 
ed States. Stocks at mills increased by 


_116,000 tons to 6.4 million tons at yearend. 


Production Capacity.—By yearend, mul- 
tiplant operations were being run by 25 
companies. The size of individual compe- 
nies, as a percentage of total U.S. clinker 
production capacity, ranged from 10.7% to 
0.3%. The five largest producers provided 
33% of total clinker production; the 10 
largest producers provided a combined total 
of 54%. The 10 largest companies, in terms 
of clinker production, were Lone Star Indus- 
tries Inc., General Portland Inc., Ideal Basic 
Industries Inc., Southwestern Portland Ce- 
ment Co., Lehigh Portland Cement Co., 
Kaiser Cement Corp., Gifford-Hill & Co., 
Cal Mat Co., Dundee Cement Co., and Na- 
tional Gypsum Co. 

At yearend, 272 kilns located at 130 
plants were being operated by 45 companies 
and 1 State agency in the United States, 
excluding Puerto Rico. Annual clinker pro- 
duction capacity at yearend was 90.3 mil- 
lion tons. An average of 38 days downtime 
was reported for kiln maintenance and 
replacing refractory brick. The industry 
operated at 76% of its apparent capacity. 
Average annual clinker capacity of U.S. 
kilns was 332,000 tons, average plant capac- 
ity was 695,000 tons, and average company 
capacity was about 2.0 million tons. Three 
plants produced white cement. In addition, 
11 plants operated grinding mills using only 
imported or purchased clinker, or inter- 
plant transfers of clinker. Of these, seven 
produced portland cement only, and four 
ground clinker for both masonry and port- 
land cement. Based on the fineness to which 
Types I and II cements must be ground and 
allowing for downtime for maintenance, the 
U.S. cement industry’s estimated annual 
grinding capacity was essentially unchang- 
ed at 104 million tons. 

Clinker was produced by wet-process 
kilns at 56 plants and by dry-process kilns 
at 69 plants; 5 additional plants operated 
both wet- and dry-process kilns. Although 
the trend toward plant modernization and 
expansion continued at a much lower level 
than in past years, most work focused 
on the installation of dry-process kilns 
equipped with preheaters or precalciner 
systems. At yearend 1984, there were 57 
suspension and 20 grate preheaters in oper- 
ation. 


CEMENT 


Capacity Added in 1984.—National Port- 
land Cement Co. of Florida Inc. doubled the 
capacity of its grinding facility to 700,000 
tons per year. Cement clinker is obtained 
from France and Spain. | 

Southwestern Portland Cement complet- 
ed expansion and modification work on its 
Victorville, CA, clinker production plant, 
increasing its capacity from 1.1 to 1.4 mil- 
lion tons. 

Capitol Cement Corp. added a new 
500,000-ton-per-year dry-process line at its 
plant in San Antonio, TX, increasing the 
clinker production capacity to 830,000 tons 
per year. 

Gifford-Hill completed its modernization 
and expansion work on the preheater kiln 
system at its Harleyville, SC, plant, increas- 
ing its annual clinker production capacity 
from 550,000 to 600,000 tons. 

Capacity Additions Planned.—Beehive 
Cement Co. was seeking financing to con- 
struct a 550,000-ton-per-year cement plant 

at Santaquin, UT. 

.  Box-Crow Cement Co., formerly Dal-Tex 
Cement Corp., continued construction of a 
l-million-ton-per-year cement plant near 
Midlothian, TX. 

Florida Crushed Stone Co. continued 
planning for construction of its 600,000-ton- 
per-year cement plant in Brooksville, FL. 
Start of construction, originally scheduled 
for 1983, was delayed while financing and 
permits were obtained. 

Gifford-Hill continued to evaluate plans 
for a 2-million-ton-per-year-capacity expan- 
sion of its Oro Grande, CA, cement plant. 
Plans included installation of new second- 
ary crushing, preblending, and raw mill 

facilities; homogenizing silos; a preheater- 
precalciner kiln; clinker storage; and a 
cement mill. The company was also plan- 
ning an expansion of its Clarkdale, AZ, 
plant. 

Plant Closings.— General Portland closed 
its Miami, FL, cement plant indefinitely 
and signed a cement supply contract with a 
c cement importer, Eagle Cement 

rp. 

Genstar Cement and Lime Co.’s San 
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Andreas, CA, plant remained closed 
throughout the year. 

Ideal Basic Industries curtailed kiln oper- 
ations at its Theodore, AL, plant to facili- 
tate equipment changes to accommodate 
new source raw materials. 

Corporate Changes.—Ash Grove Cement 
Co. changed the name of its wholly owned 
subsidiary, Oregon Portland Cement Co., to 
Ash Grove Cement West Inc. 

Blue Circle Industries PLC of the United 
Kingdom acquired Melwire Inc., a San Die- 
go, CA, importer, and moved its headquar- 
ters to Phoenix, AZ. The move was designed 
to supply cement markets in Phoenix and 
Tucson, AZ, and in San Diego, Los Angeles, 
and the San Fernando Valley, CA. 

California Portland Cement Co. of Los 
Angeles, CA, merged with Conrock Co., a 
large Los Angeles-based rock products and 
concrete company, to form a new firm 
called Cal Mat Co. 

Coplay Cement Manufacturing Co. of 
Nazareth, PA, acquired Louisville Cement 
Co., including plants located in Logansport 
and Speed, IN. 

. Giant Portland Cement Co. of Columbia, 
SC, acquired controlling interest in Key- 
Stone Portland Cement Co. 

Independent Cement Corp. acquired Lone 
Star Industries' Catskill, NY, cement plant 
and four distribution terminals and an 
oceangoing barge. 

Kaiser Cement wrote off its $50 million 
investment in China Cement Co., its Hong 
Kong joint venture. 

Lone Star Industries sold its Seattle, WA, 
cement plant to Ash Grove Cement. It also 
acquired 5096 interest in Pacific Coast Ce- 
ment Corp, a Long Beach, CA, import 
terminal. | 

SME Industries Inc. acquired the Zanes- 
ville, OH, cement plant and West Virginia 
and Ohio terminals of Columbia Cement 
Corp. and formed the Columbia Portland 
Cement Co. 

Southwestern Portland Cement acquired 
Martin Marietta Corp.'s final two plants in 
Lyons, CO, and Leamington, UT. 
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Table 4.—Daily clinker capacity in the United States, December 31 


Short tons per ee 3 ef total 
24-hour period Plants Kilns? (short tons) capacity 
19 
Less than 1, 1500000 «44„„ 23 37 19,207 76.9 
eee ³ðW6Wꝛ ⁵ðLd ec ue IU ur eg oe 83 63 49,075 17.5 
117001602300. .— 4 nnnc mE ee eee eee 25 50 51,952 118.5 
ehh, e ee ie 22 48 55,519 19.9 
2,800 and over 27 80 104, 81.2 
Total ee s cem et es C M LLL LR E 180 218 280,122 100.0 
1984: 
Less than 1.160.422.5260 62 . 25 44 21,984 7.5 
oeh ðAA TERM ia eu dem e UE 28 41 88,708 18.7 
eh,, te cem 29 55 55,077 19.4 
2900102800. seh ³ð ancy a ree ae ales el les 22 41 54,191 19.8 
2,800 and over _________________~_____ 28 88 113,532 40.1 
Total- c eu leet pu eee an 132 281 283,448 100.0 


"Revised. 
! Includes Puerto Rico and white cement-producing facilities. 
*Total number in operation at plants. 


Table 5.—Raw materials used in producing portland cement in the United States! 


- (Thousand short tons) 
Raw materials 1982 1983 1984 
Calcareous: 
Limestone (includes aragonite, marble, chalk) ~- ----------------- 71,307 18,075 78, 
Cement rock (includes marl 77 2 _e 18,593 21,644 27,010 
Corel co c eee eee ee E E E 1,773 030 1,108 
Argillaceous: 
OG na ich he eS Ne ee See 5,007 5,736 6,045 
Shali- san oa a ee 8 3,282 011 : 
Other (includes staurolite, bauxite, aluminum dross, pumice, alumina, 
. volcanic material, other —« 209 118 4T 
Send and calcium silicate- - - -~ - - - - k kd 1,568 1,669 1,958 
Sandstone, quartzite, other... - - - - -----------------——-- 508 691 
Ferrous: Iron ore, pyrites, millscale, other iron-bearing material 958 1,058 1,232 
Other: 
G and anhydrite _________ mU HR a el Oey Te oe SES 3,148 8,474 8,967 
Blast furnace alag 0 2 00 ree ons 69 9 21 
Fiy BE ouo Eee med Mat 8 550 870 841 
OP Hec uc 0 ·¹Ü¹¹wm eee ae x ER EE 108 108 , 296 
Total dd SRE aT a eae pate Ee ia 107,080 118,528 124,798 
1Includes Puerto Rico. 
MASONRY CEMENT ment in the United States. Two plants 


producing masonry cement exclusively 
Production of masonry cement increased were Cheney Lime & Cement Co., Allgood, 
12% to 3.3 million tons. At yearend, 95 AL, and Riverton Corp., Riverton, VA. 
plants were manufacturing masonry ce- 
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Table 6.—Masonry cement production and stocks in the United States, by district 


1983 1984 

Prod 1 Prod pr 
uc at mills, uc- at mills, 
District Plants tion .31 Plants tion Dee. 81 

duri (thousand (thou duri (thousand (thou 

8 short sand . short sand 

y tons) short y tons) short 

tons) tons) 
New York and Maine 4 66 11 4 77 14 
Pennsylvania, easteer nnn 6 205 35 6 240 31 
Maryland Virginia West Virzinia- 5 26 27 5 276 27 

est 1 
%%%GG;ö§ö³ĩ³ÜöéAſA ˙ i ee 4 98 21 4 103 23 
Michigan and Wisconnn3gs 5 165 43 5 206 55 
Indiana and Kentucky -` -_—-------------- 4 343 58 5 393 69 
II he 1 W W 2 W W 
Georgia and Tennesse 4 150 21 4 171 24 
E Carolina 3 256 22 2 W W 
11 EEG esq e 5 305 24 5 390 20 
Abi. Rechte 5 205 28 7 236 29 
Arkansas, 5 Mississippi i2m2171f:f: ~- 4 99 12 3 97 8 
South Dakota 1 2 1 1 6 2 
TOWN n ao a y eet M Ma 8 32 9 8 40 8 
Missouri_—----—------------—-—---———— 3 187 18 8 143 23 
Kansans d Nebraska... 2 2 -- 6 70 32 6 71 32 
Oklahoma. ____._____~_______-_______ 3 46 5 3 52 9 
Texas, northeernnn 7 214 17 7 219 18 
Texas, soutberrer n 5 67 10 5 73 9 
Idaho, Montana, Utah kk 3 6 5 4 7 6 
Alaska, Oregon, Washingt : 8 3 W 4 A NW V 
nn. eee 

Arizona, Nevada, New Mexico... 3 85 5 3 95 7 
California, southern 1 W W 1 W W 
Hawal o uui ,çfç eae ut 2 6 2 2 5 2 
e Ae E a a eM rr i 44 9 RE 318 42 
Total or average - - - - -- -----------—- 95 32,930 481 33,286 410 


W Withheld to avoid disclosing company proprietary data; included with Other. 


Includes imported cement. 


*Includes 2,641,000 tons produced from clinker and 289,000 tons produced from cement. 
*Includes 2,987,000 tons produced from clinker and 308, 000 tons produced from cement. 


ALUMINOUS CEMENT 


Aluminous cement, also known as calci- 
um aluminate cement, high-alumina ce- 
ment, and Cement Fondu, is a nonportland 
hydraulic cement. It continued to be 


produced at the following three plants in 
the United States: Lehigh Portland Cement, 
Buffington, IN; Lone Star Lafarge Inc., 
Chesapeake, VA; and Aluminum Co. of 
America, Bauxite, AR. 


ENERGY 


The trend toward energy conservation 
continued with most plant modernization 
and expansion programs featuring the in- 
stallation of dry-process preheater-precal- 
ciner systems to promote energy efficiency. 

Approximately 80% of the energy con- 
sumed in cement production was in the 
form of fuel for kiln firing to produce clink- 
er. Average energy consumption per ton of 
clinker decreased 4% to 4.7 million British 
thermal units (Btu). 

The average consumption of electrical 
energy decreased slightly from 142.1 kilo- 
watt hours per ton in 1983 to 140.3 kilowatt 
hours per ton in 1984. Assuming a 40% en- 
ergy efficiency in conversion of fuel to elec- 
trical energy, this represents a fuel equiva- 
lent of 1.2 million Btu per ton. Thus, aver- 


age fuel consumption for kiln firing plus 
electrical energy, primarily for finish grind- 
ing, was approximately 5.9 million Btu per 


oo fuel consumption for kiln firing 
in wet-process plants, 5.3 million Btu per 
ton, was 26% higher than average fuel 
consumption in dry-process plants, 4.2 mil- 
lion Btu per ton. Approximately 58% of 
clinker production was by the dry process. 

Kilns without preheaters averaged 5.1 
million Btu per ton of clinker produced; 
those with suspension preheaters averaged 
3.6 million Btu per ton; and those with 
grate-type preheaters averaged 4.7 million 
Btu per ton. 

Coal accounted for 94% of kiln fuel con- 
sumption, natural gas accounted for 4%, 
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and oil accounted for the remainder. in 1988. The use of slags declined 45% to 
Energy-saving additives used in cement 27,000 tons, the fifth consecutive year of 

production such as fly ash and blast furnace decline following the peak consumption 

slags declined. The use of fly ash decreased year of 1979. 

896 to 841,000 tons following a 5896 increase 


Table 7.—Clinker produced in the United States, by fuel 


Clinker produced Fuel consumed 
Plants i 
Fuel active tity Percent (tn q (thousand Natural gas 
during hort tons) f total — short tons) cubic feet) 
year — barrels) 
1988: 

TM JJ eh age 2a 20 9,970 15.5 2,177 t La 
Naturalgaes. .. 1 61 E sd A 235,532 
Coal and oil.. .-.-------—- 32 16,157 25.0 2,899 63 
Coal and natural gas 58 27,178 43.1 4,829 zt 10,716,278 
Oil and natural gas 1 108 2 vn 
Coal, oil, natural gas ERRE 18 10,415 16.1 1,774 579 8,496,708 

Total 2B 130 64,489 100.0 11,679 1,875 14,478,090 

1984: 

Coal Sega ee E A A AET 26 12,923 18.5 2,822 E — 
Natural gas rs a ee EN zc E 
Coal and oll! 29 15,454 22.2 2,862 37 
Coal and natural gas 59 80, 43.6 5,302 te 10,461,227 
Oil and natural gas 1 1 EN 95,21 
Coal, oil, na gas _______ 17 10,879 15.6 2,066 311 3,570,680 

Total 2 os ei 132 69,733 100.0 - 13,052 740 14,127,117 

Includes Puerto 


Table 8.—Clinker produced and fuel consumed by the portland cement industry in the 


United States, by process 
Clinker produced Fuel consumed 
Plants 
cra active Teen Percent (bend (thousand Genn 
uring 42-gallon 
year short tons) Short tons) barrels) cubic feet) 
1983: 
We o A ecc 59 25,373 39.3 5,297 5,208,394 
Dry- 8 66 36,310 56.3 5,865 834 7,095,044 
Both d tastes ee 5 2,806 4.4 517 5 2,169,652 
„ eh 180 64,489 100.0 11,679 1,375 14,473,090 
1984: 
We cucina ied ee 58 25,950 31.2 5,672 199 5,015,128 
IET T SEEN IRSE 69 40,653 58.3 6,819 1,622 
JJJSVVTVCCCCCCCC eee 5 8,130 4.5 15 870,367 
„ nanana 182 69,733 100.0 13,052 740 14,127,117 
!Includes Puerto 
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TRANSPORTATION 


U.S. shipments of portland cement to 
consumers were primarily in bulk (94%); by 
truck (95%); and made directly from cement 
manufacturing plants (69%), rather than 
from distribution terminals. This pattern of 
cement transport did not differ significantly 
from that of recent years. 


With respect to shipments of cement from 
plants to terminals, the preferred modes of 
transportation were railroads (4290) and 
waterways (38%); transportation by truck 
accounted for 19%. Cement used at produc- 
ing plants accounted for the remaining 1%. 


Table 10.—Shipments of portland cement from mills in the United States,“ in bulk and in 
containers, by type of carrier 


(Thousand short tons) 
Siicmentsfrom Shipments to ultimate consumer 
plant to terminal From terminal From plant 
Type of carrier | to consumer to consumer Total 
In in In In In Los 
con- con- con- 
bulk tainers bulk tainers bulk tainers 
1983: 
ilroaldu 8,316 108 229 2,959 46 8,519 
Trück 5o nx 2,148 125 18,205 571 42,110 8,444 
Barge and boat 6,900 91 12 em 171 15 
Unspecified? _______ a 67 2 108 3 175 
Total 17,894 319 18,578 858 46,003 8,508 368.942 
1984: | 
ilroad _..______- 8,116 T8 565 16 8,030 84 3,645 
Puig UD W € o - 0m om — 0n 
and boat |... ! iem uH 
Unspecified? _______ 462 e | 84 zc 74 5 118 
Total ________~- 20,937 839 23,159 623 50,435 3,662 * 577,881 


Includes Puerto Rico and imported cement shipped by domestic producers. 


Ancludes cement used at plant. 


Bulk shipments were 93.7%, and container (bag) shipments were 6.3%. 
“Bulk shipments were 94.5%, and container (bag) shipments were 5.5%. 
Pata do not add to total shown because of independent rounding. 


CONSUMPTION AND USES 


Cement consumption in the United 
States, excluding Puerto Rico, increased 
15% to 84.3 million tons. The increase in 
cement demand reflected increased activity 
in the construction industry and improve- 
ment of the U.S. economy. Domestic produc- 
ers’ shipments increased 13% to 80.2 mil- 
lion tons, which included 2.5 million tons of 
imported cement. Additional imports of 4.0 
million tons were shipped by certain other 
importers and accounted for the difference 
between consumption and domestic ship- 
ments. 

Domestic shipments of cement to all re- 
gions of the United States increased. Re- 
gions registering the largest increases were 
Pacific (26%), New England (2190), and 
South Atlantic (20%). Increases in ship- 
ments to all other regions ranged from 8% 
to 1696. 


The end-use distribution pattern for port- 
land cement did not differ significantly 
from that of recent years. Ready-mixed 
concrete producers were the primary con- 
sumers, accounting for 69% of the total 
quantity shipped by domestic producers. 
Manufacturers of concrete products used 
1396 of the total to produce concrete blocks, 
pipe, and precast, prestressed, and other 
concrete products. The remainder was used 
by highway contractors; building contrac- 
tors; cement dealers; Federal, State, and 
other government agencies; and other mis- 
cellaneous users. 

According to the U.S. Department of 
Commerce, the value of U.S. construction 
put in place increased 19% to $312 billion. 
Of this total value, 43% was in private 
housing; 25% was in private industrial and 
commercial building, including farms; 696 


CEMENT 


was in public buildings; 5% was in high- 
ways and streets; and the remainder was in 
other public construction. 

Total private construction put in place 
increased 21% to $256 billion. The value of 
residential units put in place increased 2296 
to $135 billion, and industrial-commercial 
construction put in place increased 20% to 
$121 billion. Total public construction put 
in place increased 12% to $56 billion; of 
which, public buildings remained essential- 
ly unchanged at $18 billion, highway con- 
struction increased 21% to $17 billion, and 


201 


other public construction increased 11% to 
$21 billion. 

Housing starts were essentially unchang- 
ed at 1.75 million units, consisting of 1.08 
million single units and 665,000 multiunits, 
according to the U.S. Department of Com- 
merce. On a regional basis, housing starts 
decreased 7% in the South to 865,000 units 
and increased 21% in the Northeast to 
203,000 units, 14% in the West to 435,000 
units, and 11% in the North Central region 
to 243,000 units. 


Table 11.—Portland cement shipped by producers in the United States, by district? 


quantity 
District (thousand 
short 
tons) 
New York and Maine 2,889 
lvania, easteernn 4,107 
Maryland. Vi West Virginia 3015 
irginia, West Virginia : 
7; WWW.... eeu 1,575 
Michigan and Wisconsin. nn 3, 680 
Indiana and Kentucky: -.-- 2,061 
Ik es et ee 1,857 
and Tennesee ns 2,036 
South Carolina 1,986 
Florida -——--—-----------------—- 3,329 
Alabama 3.279 
Arkansas, Louisiana, Mississippi |... 2,314 
South Dakotiaaa 603 
lova er NR 8 1,644 
i / url ea sce ated ee 8,499 
Kansas and Nebraska 2,298 
OME nnl c usen ec 1,719 
Texas, northern 5,084 
Texas, southern__________________ 4,676 
Idaho, Montana, Utz 1,504 
Colorado and Wyoming 1,470 
Oregon, Tangin 2 ETA 1,675 
Arizona, Nevada, New Mexico 2,053 
California, northern 2,281 
California, southern 5,286 
NG oe LU Li 216 
z Total or average? 67,183 
oreign import ““ 827 
Puerto Rico |... «4 931 
Grand total or average 68,942 


1983 1984 
tity 
e Average (t — ee Average 
per ton " per 

sands) tons) sands) 
$117,300 $40.60 8,263 $163,527 $50.12 
176,75 43.04 4,427 224,7 50.76 
41,787 39.95 1,308 56,882 43.49 
136,833 45.38 3,412 ; 48.96 
71,599 45.46 1,525 69,810 45.78 
165,924 45.09 4,610 282 45.17 
80,523 39.07 2,851 ; 40.85 
74.975 40.37 1.997 82,622 41.87 
85,370 41.93 2,183 102,569 46.99 
83,734 42.16 2,319 103,891 44.80 
164,048 49.28 3,564 172,548 48.41 
150,255 45.82 3,656 167,191 45.73 
119,342 51.57 2,303 119,651 51.95 
37,485 62.08 619 30,773 49.71 
87, 886 53.48 1.730 92, 699 53.58 
157,249 44.94 3,981 178,225 44.77 
119,112 51.83 2,689 145,717 54.19 
685 48.68 1.732 84.70 48.90 
310,839 61.14 5,029 300, 613 59.78 
460 47.79 5,394 256, 47.61 
79,060 52.57 1.724 94,469 54.80 
90,376 61.48 1,738 109,780 63.16 
92,570 55.27 1,711 94,916 55.47 
124,006 60.40 2,209 148,704 67.32 
117,660 51.58 2,507 149,566 59.66 
303,289 57.38 6,208 370,460 59.67 
20,673 95.71 186 18,282 98.29 
3,315,690 49.85 74,876 3, 810, 446 51.23 
41.317 49.96 2,509 121,935 48.60 
82,509 88.62 997 87,568 87.83 
3,439,516 49.89 77,881 4,019,948 51.62 


1Includes Puerto Rico. Includes data for three white cement facilities as follows: California (1), Pennsylvania (1), and 


Texas (1). Includes data for 

Illinois (1 in 1983 only), 

and Wisconsin (1 in 1983 and 2 in 1984). 
Ancludes cement produced from imported clinker. 


inding plants (10 in 1983 and 11 in 1984) as follows: Alaska (1 in 1984 
(2), New York (1), Pennsylvania (1 in 1983 and 2 in 1984), Texas (3 in 1983 and 4 in 1984), 


only), Florida (1), 


Data may not add to totals shown because of independent rounding. 
Cement imported and distributed by domestic producers only. 
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Table 12.—Masonry cement shipped by producers in the United States, i by district 


1983 1984 
mE tity quanuty 
District (housara (ue Average (thousand Men Average 
oeil sands) per ton rah papa per ton 
New York and Maine 69 $4,597 62 78 86 365.21 
nnsylvania, easterrnn LLL c2 198 12,29 62.11 226 14,779 65.39 
8 A dn ee 3 BE 
irginia, West Virginia , : : 
%%% 868 97 7,454 76.85 101 8,092 80.12 
Michigan and Wisconsin nnn 170 9,807 57.69 216 14,264 66.04 
Indiana and Kentucky. — - - ------------ 331 17,522 52.94 883 21,965 57.35 
öCõöõ§;—O—łẽłũͥ ; «oi 88 W W W 
Georgia and Tennessee 160 10,459 65.37 174 12,165 69.91 
South Carolina „ 234 14.182 60.61 W 
KEIRA. — 00 318 19,557 62.48 383 24,624 64.29 
A Ra oP oie pa a ae ROE Nec 210 18,417 63.89 259 17,247 66.59 
Arkansas, Louisiana, Mississippi — — — — — — — ~~ 100 6,409 64.09 104 6,738 64.79 
South Dakota „4 4 85 89.75 5 283 56.60 
ttm ĩ «. ² 87 3,425 92.57 42 8,260 11.62 
JJ 8 146 7,339 50. 143 7,033 49.18 
Kansas and Nebraska ae 71 3,778 53.21 70 4,244 60.63 
J3öÜ A 45 3,074 68.31 49 3,506 71.55 
Texas, northern 196 14,184 72.37 202 16, 905 83.69 
southern- — - ----------------—— 80 ,520 69.00 89 7,508 84.30 
Idaho, Montana, Uta 5 424 84.80 6 416 69.33 
Colorado and Wyoming W W W W W W 
„Washington 6 598 99.67 W W 
Arizona, Nevada, New 6— S AE 85 5,999 70.58 94 7,013 74.61 
California, southbeern ---- W W W W 
Hawai MONETAM ee eet 6 641 106.83 192 158.40 
%%;ô˙öé xx le 45 3,425 76.11 310 20,980 67.68 
Total? or average 2,921 186,240 63.76 3,281 219,877 67.02 
Foreign import“ 77 38.50 (*) 1 15.62 
Grand total or average .------------ 2,923 186,317 63.74 8,281 219,878 67.02 


W Withheld to avoid disclosing company proprietary data; inoluded with Other. 

1Excludes quantities produced on the job by masons. 

Data may not add to totals shown because of independent rounding. 

Cement imported and distributed by domestic producers only. Source of imports withheld to avoid disclosing company 


proprietary data. 
“Less than 1/2 unit. 
Table 13.—Cement shipments, by destination and origin! 
(Thousand short tons) 
Dest t? Masonry cement 
er Portland cemen ry 
1982 1983 1984 1982 1983 1984 
Destination 
Ai 930 1,088 1,204 64 85 94 
P ADUDT ACRES 171 180 W W W 
Ärina ⁵ ĩ²ꝛ—:ũ ³o w iE Ea ee i E Lue e Lee 1,245 1,645 2,001 W W W 
J NE E roS RNC SEDEM 553 711 81 41 44 
California, northern ------------------------- 2,170 2,608 3,166 (9 2 W 
California, southern --—-—--------------------———- ,864 427 150 PM W W 
Colorado 5.2 e ee Leid 1464 1,78 1,674 2A 26 30 
Connecticut 611 626 159 13 15 16 
Delawareeer „ 154 145 164 7 9 11 
District of Columbia 139 116 105 2 1 1 
Flond& ĩ˙⸗mAA i a emer 4,081 4,868 6 317 396 480 
FER o pa re m ng ee 1775 2256 2,775 145 189 209 
Hawal ndun cu ß ß 229 216 1 6 6 5 
Idaho oou y eei cA 241 216 1 1 1 
lino ns g y (ß 8 1,085 1,053 1,286 23 28 31 
Chicago, metropolitan? ______________________- 1,224 1,188 1,878 31 36 41 
Indani- Lau eae ee mec a 1,015 1,148 i 61 68 76 
lia- ⁰ m y a a oe 1,158 1,147 12 12 14 
Kanis onu nuc luin aaa E 956 1,243 18 21 23 
Kentucky — - - ----------—---- -=-= 888 813 973 66 76 81 
Louisi- — —— ͤ ͥ ³ d mr ae crece eis 2,453 2,490 2,650 61 14 80 
i ee ee a 198 223 8 10 
Marvisnd-..— ---—-—---- -=-= 1,069 1,266 1,351 89 113 129 
Massachusetts? A ER A E EA ANE A EEA EE EE 991 1,077 1,292 32 34 44 
Michigan -onana ⁰t 1.313 1,457 : 58 10 90 
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Table 13.—Cement shipments, by destination and origin! —Continued 


(Thousand short tons) 

8 ____Portland cement: Masonrycement — 

1982 1988 1984 1982 1983 1984 

Destination —Continued 
Minnesota 1,112 1,124 1,178 83 38 40 
--- ee ecce 716 39 51 60 
Fc ENE a IIe RET E E t Op 1,249 L 1,650 29 37 48 

e, . . ß UE M Red 264 1 2 2 
TTT ³⁰¹ AA - nun ————-————— 678 715 9 11 12 
f e . use cic. 405 459 503 EM ae e 
New Hampehireſ?h;h 288 260 314 9 8 15 
New Jersey? )) 1285 1,887 1,672 58 56 68 
ew ot en ae uc LR cou e UM ey 598 618 10 12 10 
New York, eastern nnn 447 366 488 20 22 31 
New York, westerrer“nmnwõwne e 153 746 778 32 36 40 
New York, metropolitwaaunu ?? 1072 1,312 1,408 88 51 50 
Carolina D uuu ecu cocoa = 1,879 1,472 1,724 158 196 22A 

North Dakota 266 817 6 6 6 
)))) dT. iE EAE. 2040 2.311 99 116 129 
Oklahoma ______________ 444„ͤł ͤũ.7 m 1,857 1,758 1.751 55 66 60 
Pennsylvania, eastern ________________________ 1 391 1481 1.649 “4 si " 

vania, eastern .-—-—-------------------- ; ; i 

Pennsylvania, western 2 uuu . coeur et 816 828 59 54 60 
Island" s 8 129 147 197 4 8 5 

South Caroline 155 858 984 81 106 116 
South Dakota onum Se cas 194 214 22A 8 4 4 
)j)%))CCC0ͤãĩ (T. E FET 1.055 1,200 1.371 99 127 142 
MOERORE ß eet ear 4,501 4,986 5, 466 146 171 182 

Texas, soutberer nn i 5,138 5, 584 97 114 123 
2 mE d ELA 598 192 973 1 1 1 
„ ĩ ↄ ²˙ im. e m AL LL EE 110 133 145 4 4 4 
Virginia MES SCENE RON DREMEMS 1,857 1,646 1,946 108 147 166 
Washingtons 1.016 1.077 1.156 6 6 7 
West Virginia 457 444 445 80 29 29 
Wisconsin ~- -------------------------- 1.048 1.247 1,418 82 96 40 
Wom — ln! ͤ ĩ A 8 408 894 2 2 2 
US tal ... 63,289 69,698 80,7388 2,878 2876 3,248 
Foreign countries „ 231 . 60 91 108 
j 8 950 920 1,000 "M 2e ER 

Total shipmentt 32s 64.602 70,849 81,928 2488 2,967 8,346 

U ited States* 61,080 67,188 74.376 2,364 2921 3,281 

ned Sales kk444«44?é!„»„6æ 7 7 

3 Rico JJ ³ðV RC ee Sov 981 mM P E 
~ Domestic producers —. - - - — — =- =- -=-= -=-= -=-= === 827 2,509 17 2 ($) 
)%%Gͥͤͤĩ³¹.. T Se 1,981 1,908 4,046 57 44 65 
Total shipmentt k 64,602 70,849 81,928 2488 2,967 83,846 


includes coment produced fom imported clinker and imported coment shipped by domestic producers, Canadian 


cement manufacturers, and other importers. Includes Puerto 
*Excludes cement (1982—158,000 tons; 1983—211,000 tons; and 1984—225,000 tons) used in the manufacture of 
masonry cement. 
*Has no cement-producing plants. 
“Lees than 1/2 unit. 


. producers to foreign countries and U.S. possessions and territories; includes States indicated by 


s rare pesar crai eee Canadian canki manufacturers, and other importers. Source of 
t 
aeee AREALI te Lod AAAA OAS seh wb data T 


204 MINERALS YEARBOOK, 1984 


Table 14.—Cement shipments, by region and subregion 


Portland cement Masonry cement 
i . Thousand Percent of Thousand Percent of 
Region and subregion? short tons grand total short tons grand total 
1983 1984 1983 1984 1983 1984 1983 1984 
Northeast: 
New England._________________ 2466 2912 3.5 3.7 12 94 2.5 29 
Middle Atlantic ______________— — 6,069 6,905 8.7 8.5 278 306 9.5 9.4 
Total — 8.535 9.877 12.2 122 945 40 120 123 
South: 
Atlantik 13,070 15,747 18.7 19.5 1,186 1,365 41.2 42.1 
East Central __________________ 3,824 4,388 5.5 5.4 389 317 118 116 
West Central __________.______- 14977 16,168 21.5 20.0 466 489 162 15.1 
Total —___--------------—- 81,871 36,253 45.7 44.9 1.991 2231 692 688 
North Central: 
Emt -anaana 8,404 9,790 12.1 12.1 354 407 )2. 12.6 
Weblo: Z IZ L L I LIIL 5,943 6,663 8.5 8.3 129 147 45 4.5 
Total 14347 16458 20.6 204 483 554 16.8 17.1 
West: 
Mountain____________________ 5,884 6,691 8.5 8.3 44 46 1.5 14 
Pacific______________________ 9,061 11464 180 142 13 12 5 4 
Total _.__________________ 14.945 18155 215 225 57 58 20 18 
— . — — —¼ — 
Grand total 69,698 80,788 100.0 100.0 2,876 3.243 100.0 100.0 


Includes imported cement shipped by domestic and Canadian cement manufacturers and other importers. 
Geographic regions as designated by the Bureau of the Census. 
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* includes deliveries to Alaske and Howell 
(millon short tons) 


Figure 1.—Shipments of cement by geographic region of destination in 1984. 
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Table 16.—Portland cement shipped from plants in the United States,“ by type 
| 1888 1984 
Type tity Value? — e tity Value“ ay, 
(thousand (thou- rage (thousand (thou- rage 
short tons) sands) per ton ghorttons) sands) perton 
. General use and moderate heat 
TCC — ——— 62,549 oM $48.68 70,648 $38,576,736 $50.63 
i ly-stre I________ 2.331 20,251 51.59 2505 136,375 54.44 
Sulfate-resisting (Type 999 423 122 065 52.16 479 25, 53.51 
Oil well TECUM ð Pac DN EUM 1,998 186,411 68.45 2,213 188,760 58.85 
1 Se ER 8 249 88,172 153.30 218 46,987 169.02 
Portland slag and portland pozzolan .. .. _ — 691 $5,312 51.10 808 43,960 54.41 
FCC 45 8,816 13.69 50 8,909 78.18 
Miscellaneous 662 89,299 59.36 839 52,588 62.68 
Total‘ or average 68,942 3, 439,516 49.89 77,881 4,019, 948 51.62 
Includes Puerto Rico. 


Mill value is the actual value of sales to customers, f.o.b. plant, less all discounts and allowances, less all freight 


charges to customer, less all freight 
5 terminal if any, lees cost of paper and 


from producing plant to distribution terminal if any, lees total 
udes waterproof, low-heat (Type IV), and regulated fast-setting cement. 


*Data may not add to totals shown because of independent rounding. 


PRICES 


The average reported unit mill value of 
all types of portland cement increased 4%, 
the ‘first increase following 2 consecutive 
years of decline. The average reported unit 
mill value of masonry cement prepared at 
cement plants increased 596, following a 496 
average annual rate of increase from 1980 
to 1983. 

According to Engineering News-Record 
(ENR), yearend prices of bulk portland ce- 
ment for 20 U.S. cities averaged $63.74 per 
ton. This was 24% above the average re- 
ported mill value obtained from the Bureau 
of Mines canvass of cement producers. The 
lowest ENR quotation was $55.00 per ton 
for New Orleans, LA, and the highest was 
$76.15 per ton for Denver, CO. 


Table 17.—Average mill value, in bulk, 
of cement in the United States! 


(Per short ton) 
Prepared All 
Year Portland classes 
cement cement of cement 
1980. $50.89 2862.11 $51.82 
1981. —— 52.20 59.29 52.46 
1982______ 51.04 61.56 51.43 
19888 49.89 63.74 50.45 
19844 51.62 61.02 52.24 


operating 
if any, less cost of paper bags and pallets. 
cement made at cement plants only. 


FOREIGN TRADE 


This section contains U.S. trade data 
reported by the U.S. Department of Com- 
merce, Bureau of the Census. Import and 
export totals contain data for the United 
States plus U.S. possessions and territories. 

Exports of hydraulic cement and clinker 
decreased 3296 to 80,000 tons, the third 
consecutive year of decline and the lowest 
level since 1978. Canada continued to be the 
principal recipient of U.S. cement exports, 
receiving 9196 of the total, followed by 
Mexico with 4%. The remaining 5% was 
Shipped to 59 other countries: 

Imports of hydraulic cement and clinker 
increased 10796 to 8.8 million tons, the 


highest level since 1979. Canada supplied 
33% of the total followed by Mexico, 23%; 
Spain, 20%; Venezuela, 12%; and 19 other 
countries, 12%. Cement imports accounted 
for about 10% of apparent U.S. consump- 
tion. 

Imports of white nonstaining portland 
cement increased 58% to 252,000 tons. Six 
countries, Belgium-Luxembourg, Canada, 
Denmark, Mexico, Spain, and Venezuela, 
accounted for 92% of white cement imports. 

Imports of clinker increased 12096 to 2.2 
million tons. Three countries, 

Mexico, and Spain, accounted for 67% of 
clinker imports. 
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Table 18.—U.S. exports of hydraulic cement and cement clinker, by country 


1982 1983 1984 
Coun Quantity Value Quantity Value Quantity Value 
d (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
n i ia ERR NEUE TEE ION 515 $70 220 $43 118 
TT ³˙.mm demie TNT 134,340 18,748 106,011 12,183 12,409 10,704 
Soo a te . ENEA 102 
SOOO O ⅛ UI... 7 101 152 1 
minican Republic 249 139 196 1 241 
T. ———— CA 54,878 5,145 6,121 2,921 3,464 1,525 
TC AA 22 95 55 132 
TTT! ——. EORR ERES 428 79 24 34 104 56 
P US, ia: 1,489 230 2,002 247 
P.. ͤ TTT 112,195 12996 3,875 11,579 1,302 709 
PPP 203,366 21,456 118,393 17,360 80,007 13,496 


TRevised. 
Includes 50 countries in 1982, 40 in 1983, and 52 in 1984. 
2Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 


Table 19.—U.S. imports for consumption of hydraulic cement and clinker, by country 
(Thousand short tons and thousand dollars) 


1982 1983 1984 
Country Value Value Value 
.  Quantiy————————- Quantity . —. 
Customs Cif! "woe Cif Customs Cif! 
3 2,074 76,798 82,432 2,201 86,198 92,851 2,945 116,815 128, 920 | 
Colombia 1 65 74 68 3,345 4,169 227 5,133 6,927 
Francde 131 6,058 6,296 153 6,435 7,507 225 7,044 9,180 
. 87 3,153 4,519 (23) 100 118 183 5,231 7,595 
Korea, Republic of 19 748 757 69 3,228 4,144 332 10,046 12,129 
Mexico 132 6,154 6,228 826 30,844 33,539 2,003 64,574 74,877 
em — TUNE 245 8,626 11,891 737 23,833 29,303 1,760 49,584 61,218 
enezuela . et S od 60 1,705 2,138 1,022 25,281 32,224 
CO — 1241 19284 112,715 1154 5 751 17,756 149 10,493 10,412 
TUI aue am 32.929 110,886 124,912 4,268 161,439 181,525 8,846 294,207 343,482 
TRevised. 
Cost, insurance, and freight. 
2Less than 1/2 unit. 


Data do not add to total shown because of independent rounding. 


Source: Bureau of the Census. 


Table 20.—U.S. imports for consumption of clinker, by country 
(Thousand short tons and thousand dollars) 


1982 1983 1984 
Country Value Value Value 
Quantity —————————_ Quantit Quantity 
" Customs C. i. f. d C. i. f. ty Customs C. i. f. 

Canada 320 11,326 12,621 446 14,786 16,534 485 16,947 19,406 

France... 2. 130 6,057 6,296 152 6,389 7,439 225 7,491 9,180 

. scm FN "EN Le m — 69 2.927 2,693 

Mexico 20 995 995 192 6,899 1,373 477 11.608 13,077 

BM E ai POR kak 214 5,559 6,437 523 11,885 14,860 

6 eem (3) 7 8 rae e — 435 8,942 11,419 

Total® ______ 470 18,385 19,920 1,005 33,633 37,784 2,215 59,801 70,635 
1Cost, insurance, and freight. 

Wess than 1/2 unit. 


Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 
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Table 21.—U.S. imports for consumption of hydraulic cement and clinker, 
by customs district and country 


(Thousand short tons and thousand dollars) 


1983 1984 
Customs district and country Quan- Value Quan- Value 
tity Customs Cif! tity Customs Cif! 
Anchorage: Canada . 36 1,871 2,302 82 4,839 5,607 
Baltimore: 
PETE a eae mE m eap he za 6 444 831 
PENNE Lo ͤ v ios PX — 3) 17 23 
Netherlands (3) (?) (?) 2 2 
United Kingdom a 5 6 ed E — 
— ue exin baco pi c (3) 5 6 6 463 856 
Boston: Canada |... "e EO CA 10 320 335 
Bridgeport: Canada __________ ER "t ae 1 22 22 
. 650 26,635 80,207 118 21,643 80,438 
1 efc x Or P (?) 10 11 
ee ss nt Rm A 4 4 n bos Ag 
Germany, Federal Republic of Miet = ER 2 15 20 
— RE à 12 15 3) 1 1 
ee ee caes pee VM "db (?) 5 7 
A (3) 16 19 (3) 31 39 
Cleveland: Yugoslavia |... de i zs (3) 4 8 
Detroit: 
Belgium- Luxembourg (?) 12 15 (3) 6 7 
LERNEN o AA mn Shee 314 16,339 17,095 293 18,588 19,243 
Netherlands d a uot (3) 7 
Tuas aa enne m ee 814 16,350 17,110 293 18,601 19,259 
Duluth: Canada 92 3,200 3.654 156 5.077 6.312 
Paso: Mexico 173 7,660 7,660 318 11,683 i 
Great Falls: Canada _________ _ 3 290 290 2 130 1 
Honolulu: 
EMEN CLE db Lie i = 341 511 
Korea, Republic of . 37 2,398 2,824 18 1,604 1,714 
NN oer Rn 37 2,398 2,824 24 1,945 2,225 
Houston: 
6 IO ES INO: 1 102 152 == — 
| On ⅛ —U—T 4 141 180 42 830 1,316 
Germany, Federal Republic of "WS S ds (3) 62 76 
— ec ee 3 e s 29 964 985 
BENE Se bs ees 86 2,442 2,870 124 2,654 3,250 
| coo T ct, ͤ EAA 164 4,074 4,864 230 5,987 6,767 
| ee ee E (?) 5 7 PHA Faa EN 
| —— ͤͤ — eo des dc 2 59 74 5 80 126 
| huic o rns 255 6,822 8,147 425 10,577 12,520 
Laredo: & 
CVVT 81 2.926 2,926 88 3,210 3,210 
cine pace Oe 2 o De 1 
6— RE RK — d (?) 51 90 
11 a ee E 81 2,926 2,926 89 3,267 3,306 
Los Angeles: 
C ee eet 46 W W — == M 
Germany, Federal Republic of MA FON x: (3) 10 
——— SCM RENS ds T: m 24 631 775 
area Republic ß — — an 243 6,550 8,027 
ae ———————— 39 W W 107 2,823 3,764 
BEGUN EL son sinc oa ai ace 1 W W 1 81 198 
— cc m bier 87 2,727 3,903 375 10,095 12,779 
2 
Belgium-Luxembourg .. __ 3 22³ 371 3 220 1,671 
— ead ix et ta p iti i 39 1,050 1,397 rage ii rae 


See footnotes at end of table. 
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Table 21.—U.S. imports for consumption of hydraulic cement and clinker, 
by customs district and country —Continued 
(Thousand short tons and thousand dollars) 
1988 1984 
Customs district and country E Value Quan- Value 
tity Customs Cif! tity Customs Cif! 
Miami —Continued 
Costa Naa (3) 1 2 z m E 
Denmark 23 792 995 — EM us 
France |... 22-2 ----2-- @) 1 1 "" ae car 
Mexico 175 5,565 6,574 279 8,460 10,876 
Spain VV 146 3,690 4.819 284 7.257 9,583 
enezuela _________.___ _ 57 1,550 1,951 230 5,984 7,362 
5 Total® ... 443 12,871 16,111 798 21,989 29,582 
Milwaukee: Canada __________ 94 2,909 3,361 93 2,844 8,159 
Mobile: 
PEEL RAEN Ree RIOT TE ie "— TM ad) 8 8 
Colombia 5 175 222 "e -— Lo 
Hd a e ce NR PE 8 78 1.725 2,4 
enezuela ______________ 2 EE RR 104 1,778 2,672 
Total. ie i 5 175 222 182 3,506 5,139 
New Orleans: 

A EE SES es es eae 21 1,083 1,463 182 8,151 11,084 
Colombia Mon "-— ice 16 301 506 

Per nna Oe ea ae REEL IE ER x e » 76 1,727 2,383 
Mexico 29 820 967 216 4,780 6,033 
Spain Sos M me 65 2,029 2,020 
Venezuela 3 es pag en a Re T 81 2,001 2,780 
Totals ... 50 1.902 2.430 636 18,989 25,406 

New York City: 

EAEAN AEA ee ANE mu 44 1,406 1,587 

JJ%FFFͤ 86 et a 8 27 447 572 
Germany, Federal Republic of @) 2 2 Aem EM = 
FTC eee "m M 8 (?) 4 6 
Norway 24 605 188 Soe! xs ae 
pem Se ae ae eS ES S 184 4,842 6,137 413 12,010 14,994 

enewuellaa T M zs 181 449 2,914 

Total*______________ 208 5,448 6,927 615 16,316 20,073 
Nogales: Mexico 50 2,162 2,162 157 : 7,361 
Norfolk: 

22 REN eee ate L- e we (3) 3 3 
France 26 2,739 3, 536 28 3,001 3,475 
Germany, Federal Republic of (*) 3 6 tras e RM 
Mexico @) 1 1 eee: eek 
Venezuela ______________ ae ed NON 28 732 979 

aulae o „ ur ouo c gm gm 
P 46 2.340 2.340 65 33 i 
Philadelphia: Germany, Federal Re- 
public off 8 m n à 8 1 
Port Arthur: Colombia E ee 9 20 845 462 
j Canada 10 329 329 21 763 763 
Portland, OR: 

T— ceres oe T" Eis 42 1,695 1,857 
c Soe () 36 37 3) 40 42 
Yugoslavia... LL. 3) 5 10 ai ae — 

Total!!! (* 40 47 42 1,735 1,899 
Providence: | 
Canada________________ UN. "e oo 4 107 358 
Venezuela ______________ A m ic. 10 413 687 

Total /‚‚«ͤ;ͤͤ K ĩ 8 NK — =e 14 520 1,045 

St. Albans: Canada 582 18,567 18,570 571 18,101 18,189 

Diego: 

Colombia e" 8 ET 40 652 462 
Japan mc E nS 94 2,241 8,648 


See footnotes at end of table. 
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Table 21.—U.S. imports for consumption of hydraulic cement and clinker, 
by customs district and country —Continued 


(Thousand short tons and thousand dollars) 


1983 1984 
Customs district and country Quan- Value Quan- Value 
tity Customs ^ Cif! tity Customs Cif! 
San Diego —Continued 
Korea, 5 . 32 830 1,820 E T rm 
Mexico 159 7,043 7,751 451 15,581 19,121 
Venezuela FCC = E Ne 7 139 259 
Total. 191 7,873 9,071 592 18.613 28,490 
San Francisco: 
Germany, Federal Republic of Ln ae a (?) q 9 
Japan__________--_~--- 3) 46 55 60 2,298 2,559 
Korea, Republic of En zc SE 71 1,892 2,389 
Sweden m ue za (?) 8 10 
Ta! eee @) 46 55 131 4,205 4,967 
San Juan, PR: | 
aaa ee eee 8 T 5 240 294 
Belgium-Luxembourg — — — ~~ — 8 665 1,013 js te 
7! A 3 454 558 1 1 1 
Colombia 1 23 48 1.170 1.331 
Costa Ria qa a 15 638 711 19 1, 1,261 
Denmark ae are Ne 1 146 175 
Dominican Republic et Ie e 6 206 262 
QE S e C LE. 3) 1 2 m. x om 
Panama aaa 9 E DE 24 231 212 
Spain 12 830 1,107 12 598 
Venezuela FCC 3 155 8 293 447 
Total”: 42 2,161 8,607 135 4,847 6,218 
Savannah: 
5 Federal Republic of T" E (?) 5 6 
| ena en tee Sen ans RC nS 1 153 157 ME 
N JFC 2 a inis e it 10 219 347 
Total. 26 os aa 1 158 157 10 284 853 
Seattle 
2 LAEE E E 78 3,206 3,691 251 10,563 11,761 
Japan ) 3 
United Kingdom 1 2 x sus acs 
Yugoslavia... LLL LLL (*) 14 24 ae s 25 
Total 79 3,227 3,727 251 10,585 11,798 
Tampa: 
TORT NOSTER RHET RIP SQUE 25 1,053 1,071 - us epe 
Colombia. .....-..-.---- 25 765 975 10 233 338 
o: EES ge 8 ce m 3 8 
Denmark 19 1,956 2,342 25 W W 
eer T 127 W W 94 W W 
Germany, Federal Republic of 2 oyi DN à) 20 
f e cr e 14 2,226 2,629 362 10,645 12,803 
pen SOME Sahat a Mes ae 192 W W 565 17,143 19,990 
enezuela . .. M n BE 414 11,884 18,620 
Total? osse erre 462 18,812 21,596 1,469 45,691 53,845 
Virgin Islands of the United States: | 
ombia_ 2 LLL cL E ct ae 2 128 129 
Dominican range er ThE CE He m n ENS 4 120 142 
Leeward indward Islands _ 5 255 305 7 285 441 
. Mexico ________________ ERE AN Mt 8 464 513 
Panama _______________ ed nf ma 2 78 91 
Total 5 255 305 23 1,070 1,816 


See footnotes at end of table. 
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Table 21.—U.S. imports for consumption of hydraulic cement and clinker, 
by customs district and country —Continued 
(Thousand short tons and thousand dollars) 
1983 1984 
Customs district and country : Value . Value 
tity Customs C. i f. tity Customs C. i f. 
Wilmington: 
Brazil 6563s 5czmI ke cd Cd T 2 12 84 
Colombia 3 M ND 49 1,474 2,130 
Spali uoce 8 eer Ee e 6 167 202 
Total ee eae er =e ah e 51 1,713 2,416 
Grand total? __________ 4,268 161,439 181,525 8,846 294,207 343,482 
W Withheld to avoid disclosing company proprietary data; included in Total.“ 
1Cost, insurance, and freight. 
Wess than 1/2 unit. 
*Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 
Table 22. —U.S. imports for consumption of cement and clinker 
(Thousand short tons and thousand dollars) 
Roman, portland, Hydraulic White 
other hydraulic cement nonstaining Total! 
Y cement clinker portland cement 
= Value Value Value Value 
Quantity (cus- Quantity (cus- Quantity (cus- Quantity (cus- 
toms) toms) toms) toms) 
IJ A 3,232 115,271 1.917 73,931 114 6,371 5,263 195, 573 
19811. 88 2,654 94,653 1,226 46,447 117 10,140 3,997 151,240 
1982 S I teh Nate oe ee 2,369 81,710 470 18,385 90 10,791 2,929 110,886 
1983 __—-----------—- 3,104 109,791 1,005 83,633 160 18,014 4,268 161.439 
1984 — 8 6,379 ,899 2,215 59,801 252 ; 8,846 294, 207 


Pata may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 


WORLD REVIEW 


World cement production increased 5% to 
1.06 billion tons. The United States account- 
ed for 7% of world production. In order of 
production, the U.S.S.R., China, and Japan 
were the three principal producing coun- 
tries, accounting for 34% of world produc- 
tion. The 10 largest cement-producing coun- 
tries accounted for 60% of the world's total. 
Exporting countries continued to seek mar- 
kets for their excess cement, particularly 
Colombia, Mexico, Spain, and Venezuela, 
all reporting increases in exports with 
Spain dominating the export market. 

Rock Products magazine report on the 
world cement industry described significant 
activities in cement plant construction, 
modernization, and expansion.* 

Australia.—Adelaide Brighton Cement 
Ltd. continued work on its 550,000-ton-per- 
year grinding plant. The plant, scheduled 


for completion in July 1985, will increase 
the country's grinding capacity to about 9 
million tons. 

Belgium.—SA des Cimenteries CBR was 
completing work on its 2,870-ton-per-day 
clinker production line at its Antoing plant. 
The line, which is designed to burn low- 
volatile fuels with an ash content of 30% to 
4096, was scheduled to be completed by the 
end of 1985. 

Brazil.—Although cement consumption 
averaged only about 60% of production, 
there was considerable activity by cement 
producers to increase production capacity. 
S.A. Indústrias Votorantim, Santa Helena, 
was converting its kiln to a 1,400-ton-per- 
day precalciner kiln; Companhia Nacional 
de Cimento Portland S.A. resumed produc- 
tion after installing a precalcining system 
and converting the plant to coal firing; 


212 MINERALS YEARBOOK, 1984 


Cimento Tocantins S.A., Brasilia, added a 
1,100-ton-per-day dry-process kiln; Cia. de 
Cimento Portland Rio Branco, Curitiba, 
added a second 2,400-ton-per-day dry- 
process kiln; and Cia. de Cimento Itambe 
continued work to expand the clinker pro- 
duction capacity of its Campo Largo plant 
from 1,400 to 2,200 tons per day. 

China.—China’s cement production con- 
tinued to expand, exceeding 100 million 
tons for the third consecutive year. Seventy- 
five percent of China’s cement production 
comes from small-capacity plants through- 
out the country. These plants have devel- 
oped rather vigorously during the last 10 
years; in 1984 there were nearly 5,000. 
However, work continued on construction of 
large- and medium-sized plants, including a 
2,200-ton-per-day $48 million plant at 
Shunchang, Fujian Province, scheduled to 
be fully operational in 1988, and a new 
3,500-ton-per-day plant due online in early 
1986. 

France.—Ciments Francais was modern- 
izing its facilities at Beaucaire by adding a 
five-stage preheater kiln with a precalcin- 
ing system, which will increase production 
by 3,000 tons per day. The company is also 
adding a precalcining and traveling grate 
cooler to the Dopol kiln system at its Bussac 
plant, which will increase production by 
nearly 900 tons per day. 

India.—The Indian cement industry con- 
tinued to aggressively expand its production 
capacity. Audra Cement Co. Ltd. continued 
expansion work on its Durga plant by in- 
stalling a coal mill and precalciner system, 
which will more than double its capacity to 
3,300 tons per day. Birla Cement Works, 
Chittorgarh, continued its expansion pro- 
gram by adding a 2,000-ton-per-day precal- 
ciner kiln. The Cement Corp. of India con- 
tinued construction of its 1-million-ton-per- 
year plant at Tandur. The plant was ex- 
pected to go into production in early 1986. 
The company was also completing work on 
a l-million-ton-per-year expansion of its 


Neemuch plant. Chettinad Cement Corp. 
Ltd. began a major modernization program 
to replace its wet-process kilns with a new 
1,900-ton-per-day dry-process precalciner 
kiln. Gujarat Industrial Investment Corp. 
continued work on a 1-million-ton-per-year 
cement project at Veraval due to go on-line 
in 1986. Gwalior Rayon Corp. Ltd. contin- 
ued work on its 2,000-ton-per-day plant 
near Incor, a new -process operation 
designed to use low-Btu Indian coal. Madras 
Cements Ltd. was completing work on its 
new Jayanthipuram 2,000-ton-per-day pre- 
calciner plant scheduled to go on-stream 
early in 1986. Modi Rubber Ltd. began work 
on a l-million-ton-per-year project with 
Blue Circle Industries of the United King- 
dom. The project is scheduled for comple- 
tion by mid-1986. Several other companies 
were also planning plant construction and 
modernization programs. 

Mexico.—Cementos Mexicanos S.A. was 
constructing a new 3,500-ton-per-day plant 
with a precalciner kiln at Huichapan. The 
plant is scheduled to start production by 
early 1986. 

Turkey.—Turkiye Cimento Sanayii TAS 
began operation of three new plants at 
Ladik, Ergani, and Siirt with a combined 
capacity of 1.9 million tons. Three other 
plants at Urfa, Edirne, and Denizli, also 
with a combined capacity of 1.9 million 
tons, were scheduled to go on-stream in 
1985-86. 

United Kingdom.—Blue Circle Industries 
continued its plant modernization program 
that began in 1980. Improvements at the 
company's Cauldon works was completed 
and involved conversion of the three-kiln 
semidry-process plant into a single precal- 
ciner kiln operation, increasing the produc- 
tion capacity from 780,000 to 870,000 tons 
per year. RTZ Cement Ltd. was adding a 
new 1-million-ton-per-year dry-process kiln 
to its Ketton plant. The new line was ex- 
pected to go on-stream in 1986. 
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Table 23.—Hydraulic cement: World production, by country! 


(Thousand short tons) 
Country 1980 1981 1982 1983P 1984 
Afghanistan? )!) 55 105 132 165 165 
PJ ͥͥͥͥͥ¹5Ü¹i¹¹o¹ y D eer 11,102 11,213 11,102 11,213 1,213 
Algeria c cc ß ME 4,581 4916 — 55512 5,512 5,291 
Angòla cc eue ⅛év eg S 265 216 216 243 386 
Argentina -— -—------------------—--—-—--—-—— 7,863 7,331 6,199 6,198 5,512 
Australia ancien ,, ee 5,938 6,554 6,332 33 5,512 
Austria Lo lr ĩ˙ w ³¹»0¹A d e emat ah 6,013 5,829 5,525 5,411 35,512 
NNNM EESTI 520 32 
Bangladesh ____________________-__--- r370 380 360 338 3301 
Oa REOR ea E ee ee cee Tt ME UE ns 
Belgium____________________________- 8,247 7,376 6,967 6,304 36,300 
7 ͥ ce Lui rs 314 327 847 331 
BI! meo ee Sg ee E 1327 413 358 361 360 
ĩõͥͥ ³˙ i re emer e ee ett 29,975 28,716 28,268 23,005 27,558 
C se ⁰wꝗð½ʃ ae sy hee es 5,907 6,000 6,188 6,221 *6,302 
Burma 426 7350 379 369 343 
Cameroon 569 584 672 672 
00G ⁵ðv d ĩðͤV ees pn AE 11,571 11,183 9,288 8,676 9,559 
Chilen uc uel ie th e ee aN LL 1,745 ,054 1,248 1,389 1 
uc c m E 8 88,030 92,594 103,697 119,325 133,468 
eee, ß mE ase 4,796 14,915 5, 546 5,204 5,401 
)J %%/%ſddͥ ³⁹ͤw el ee 54 17 
Costa Ria ou 8 610 1507 467 425 386 
; ͤĩ?biö0 ² ˙ oÜ d LL. 3,121 8,629 3,487 3,562 33 689 
1 ß GPL Cao 1,359 1,141 1,177 
Czechoslovakiůůaaa ~~ ~~ __ 711,625 11,735 11,381 11,572 311,607 
DU: Se oe 2,113 1,766 1,951 1,827 1,874 
Dominican Republi 1,119 71,049 r €1,058 1,173 1,157 
Ecuador -= nea E ⁰⁰ a E 1,531 r1,365 1,747 1,565 1,543 
pal IE ed ae A E c A See i iL 3,338 T3,857 4,696 4,182 5,512 
El Salvador - -—-—--—--------------———————— 573 505 461 47 
Ethiopia” _—-—----------------—---—--—- 121 143 154 165 176 
/; ³¹-.w-ü EES EE MSN 93 101 97 €105 105 
Finland =- -eenaa E A ee 12,001 r2 054 2,102 2,170 1,874 
France- gan a A LLL 32,082 31,117 28,825 26,843 *26,455 
Gabon. Ba execute: 121 165 193 132 229 
German Democratic Republic „ 13,713 13,453 12,920 12,987 313,007 
Germany, Federal Republic o... 137,684 134,721 33,155 33,583 234, 723 
GGGCCFV“ou nin... cux e 1324 437 322 r 6320 320 
Greece e 13,977 14,721 7,619 15,648 316,535 
Guadeloüpe 2s oo oe mede canne 202 17 176 176 176 
Guatemala _____________________-____- 627 r567 558 498 496 
H8 32 te r E 268 1260 234 r €238 243 
Honduras c ³ 8 491 1343 306 585 551 
Hong Kong soe eS 1,641 11,673 1.582 1.892 32,087 
J) MPO 8 5,137 15,109 4,816 4,677 34 569 
Lell 8 13⁴ 134 137 127 3130 
Indi x out ua a sa et ete Es lee 19,511 22,884 24,800 27,950 332,000 
Indonesia ____________________-______- 6,417 77, 596 8,268 9,025 11,795 
; n0 ͥ titu Lu ic ML 8,818 8,818 10,472 11,023 11,574 
CEP DRE E EAEN AENEA ORO M 6,063 6,173 r 66,173 6, 173 8,818 
Ireland 2-6 ore A e eee 2,059 2,136 1,742 ; ; 
S oe eaa S "2 030 12,271 2.413 2.269 32.082 
111 % eei eL 88 46, 046 45, 804 43,793 43,229 b 
Ivory Coast___________________________ *1,433 1,323 1.213 702 591 
FFV/õ⁰¹wmÄA ⁰¹üi ⁰i umts . uus dnas ras 159 182 305 
Japae:rnnnsnss 96,957 793,506 88,943 89,167 386,918 
J eS EL Ls 1,006 1,063 816 1,401 32,192 
CEC Se y «— 1,402 11,483 €1,433 1,433 1,433 
Korea, North® _________________________ 8,818 8,818 8,818 8,818 8,818 
Korea, Republic off!: 717,209 17,215 19,717 23,459 322,501 
Kuwait 1n oe AAA eue: 1,441 1,707 1,712 1,720 31,736 
Lebanon V emecie A ugue 1,636 2,636 91,984 €1,102 882 
Liberia qct a A a 117 95 88 s 
Libya en b eT OR ̃ ͥ ß m•m— 6 q 3,521 13.527 4,409 5,512 6,614 
Luxembourg _________________________-_ 358 377 379 3419 
it eS ES EN OF (AAA 8 66 139 40 r €39 39 
Mälimi nom en ic DL M LL DL S 101 86 58 77 
Malaysia )))) y 2,589 3,123 9,443 3,562 3,671 
Mall uic e ee EE 22 22 22 
Wife es ee eevee 198 198 *220 220 220 
Mauritania sue e NA 
777öô 0000000 117,905 119,817 21.272 18,814 19,842 
Mongolia _________________-___~___-_-_ 96 1 
Morocco j.ͤͥͤ 8 m 3,915 3,975 4,115 4,242 4,409 
Moꝛzambiqaquuuneeen Le 256 463 496 


See footnotes at end of table. 
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Table 23.—Hydraulic cement: World production, by country! —Continued 


(Thousand short tons) 
Country 1980 1981 1982 19885 1984* 

OEC SERRE ¾ rw». ⅛ A ͤ . oh ees 34 34 28 50 44 
Netherlands. „ 4,128 3, 655 3,420 3,425 33.583 
New Caledonia_ — —- - - ----—-------------—-- 62 55 59 66 66 
New Zealand - —- ----------—----—------———- 794 837 861 3907 
Nicaragua: --- ee oe AAA ee ee ee 170 1184 €110 €110 110 
Niger -LLL LLL LLL LLL 45 41 242 e 42 
Nigerimnmnnnm—n3nm w mm ß 72, 205 r9 156 *3.968 *3.968 3,968 
ĩÄĩ7%vũi os ete 8 12,432 12.025 1.969 1,783 31,607 
Pakistan d ee cue 3,677 T2 798 4,031 4,603 4,960 
Panama a aa en y 573 386 364 
Paragus oo . mk S 195 172 122 169 154 
PRU 2-4 xx ⁊⁊¼ . C CE 2,391 3,395 2,855 2,535 2,425 
Philippines" EORR OASIS Hee EN Sen 4,939 4,508 4,195 5,504 5,512 
Poland. o cuc ⁰(tʒ me 20,330 115,681 17,747 17, 857 318,409 
Portugal... 2s n e aude eL rr 6,336 6,280 6,393 6,683 36,614 

„ d a a 273 
Nomaniaaa „„ 17, 208 16,255 16,529 15, 397 315,659 
Saudi Arabia________________. -________ 79,209 5,219 7,885 8,957 *9,921 
J)));·ß¹ y ee eee ee 426 410 401 435 424 
Singapore________________________-_-- 2,152 2,484 2,971 3,476 33,417 
South Africa, Republic of 7,937 8,923 8,830 8,705 025 
Spain (including Canary Islands) . 30,876 131,693 32,594 83,771 333,069 
ri Lanka- --------- -LLL 629 708 €117 551 
Sudan o ⁵³ĩðWAA omuium. 204 165 202 220 3194 
Suriname |... ~~ ~__________-_______ 7 78 79 82 55 
§!ĩ?rédͤůcdCſ ⅛5⅛ͤd ͥ⁰ -= 2, 695 2, 2, 538 2,459 2,646 
Swritzerlanldddddddgg LS ~~ cL 22l2l2- 4,687 14,793 4,513 34.409 
Sraa. PTS EIERE ³ AAA ni ee eee 2.199 T2 370 3,142 3,142 35,512 
Taivan c etes nid x LE 15,501 15,809 14,806 16,325 315,690 
Tanzania ____________________________ r 533] 1 644] r 6463 463 
i v a idee eue 5,883 6,904 7,285 8,006 39,083 

Togo % x 314 808 

dad and Tobago 205 1154 209 430 430 
Tun clc ZZZ 1,962 2,221 1,965 reo 711 2,866 
fyc. mmm. (eoo 114,192 16, 582 17,392 14,987 317,848 
U JJ ³oÜ¹¹A ²⁰•-. 11 22 33 44 44 
PJ ⅛Ä2]¾ ieu silere 137,848 140,180 136,335 141,268 3143,300 
United Arab Emirates 1,896 T2 448 2,280 4,415 4,465 
United Kingdom- — — —- - - -—- - -- ------ 116,320 114,031 14,288 13,702 313,999 
United States (including Puerto Rico) 76,709 72,932 64,341 71,347 378,699 
VICUS AT eee eee 891 818 726 412 383 
Venezuela______________ „„ 15, 339 15,375 9,988 4,899 4,841 
Vietnam ae E Lo ER E 701 601 r 6882 1,023 1,218 
Yemen (Sanaa)ʒ L2 222222222222 89 90 261 661 31,532 
YUFOBIAVIB 2 . e cU 10,268 10,781 10,7 12 10,573 310,582 
DONG — so o en cL LL C CUM S A E 488 450 r 441 441 441 

Gambia. —-—— e Lee eo E EE 1177 F159 170 171 
ZimbabwwUuu „ 517 1648 635 r €639 639 
Tot- n Lee ce a Ese T973,458 1977,181 972,498 1,008,418 1,058,721 


*Estimated. Preliminary. Revised. NA Not available. 


1Table includes data available through July 2, 1985. 
Mata are for the year beginning Mar. 21 of that stated. 
* Reported figure. 

*Data are for the year ending June 30 of that stated. 


5Converted from officially reported data provided in terms of 94-pound cement bags. 


*Excludes natural cement. 


TECHNOLOGY 


Cement.—Researchers at  Brookhaven 
National Laboratory concluded a study to 
(1) develop commercially available calcium 
silicates (such as portland cement Type IIT) 
for in situ desulfurization of coal gases, and 
(2) to investigate the catalytic effect of these 
and related sorbents on gasification efficien- 
cy of coal and coal char in low- and medium- 
Btu coal fluidized-bed gasifiers (FBG). The 


study concluded that agglomerated cement 
sorbent (ACS) pellets were highly efficient 
as a regenerative, attrition-resistant sor- 
bent at higher gasification temperatures 
compared with limestone and iron oxide, 
which cannot withstand the high operating 
temperatures necessary for desulfurizing 
FBG gases. The ACS pellet material also 
indicated enhancement in gasification effi- 


215 


CEMENT 


ciency of coal and coal char compared with 
other sorbents.* 

Three Japanese companies, Kobe Steel 
Ltd., Onoda Cement Co. Ltd., and Onoda 
Engineering and Consulting Co. Ltd., jointly 
developed a new type of roller mill, known 
as the OK Series, for cement clinker grind- 
ing. Traditionally, roller mills were used for 
raw material grinding. Although numerous 
attempts have been made to apply this 
technology to clinker grinding because of its 
energy-saving feature, problems associated 
with vibration, product quality control, and 
accelerated wear of grinding segments pre- 
vented full implementation. Test data show 
roller mills have practical application to 
clinker grinding with as much as 60% to 
10% energy savings over that of convention- 
al tube mills.* 

Concrete.—Bureau of Mines research 
demonstrated the use of sulfur concrete as a 
corrosion-resistant construction material. 
Compared with portland cement concrete, 
sulfur cement showed no signs of degrada- 
tion in more than 4 years of industrial 
testing in 50 process environments. The 
study concluded that sulfur concrete should 
find widespread use in metallurgical, chem- 
ical, and fertilizer industries as a replace- 
ment for materials that fail in acid and salt 
environments.’ 

Another Bureau of Mines investigation 


determined the technology for preparing 
densifiable sulfur concrete materials com- 
posed of modified sulfur cements and dense- 
graded aggregates that can be mixed, laid, 
and compacted into place with conventional 
hot-mixed asphalt paving equipment. Re- 
sults of laboratory corrosion tests in sulfuric 
acid in concentrations up to 60% showed no 
material loss or deterioration of physical 
properties over a l-year test period at am- 
bient temperatures. Preliminary results of 
field testing for durabilitv to weathering, 
corrosion, and traffic showed no evidence of 
material failure, thus increasing its poten- 
tial for use in road construction and repair 
as well as industrial applications.* 


Division of Industrial Minerals. 
Trade Administration (Dep. Com- 
marin Construction Review. V. 31, No. 1, Jan. -Feb. 1985, 


pp, 31-39. 

*Enginee ews-Record. ENR Materials Prices. 
V. 212, No. "re tes 10 18 10, 1985, p. 51. 

*Rock Products. International Cement Review. V. 88, 
No. 4, Apr. 1985, pp. 45-70. 

500, H. P., and M. Steinburg. Calcium Silicate Cement 
Sorbent for Hydrogen Sulfide and Improved Gasification 
Processes. Brookhaven Nat. Lab., Upton, NY, Oct. 1984, 29 
pp.; NTIS DE 82-008245. 

World Cement. Newly, Developed Roller Mill for Ce- 
ment Clinker Grinding. V. 15, No. 7, Sept. 1984, pp. 230- 


"McBee, W. C., T. A. Sullivan, and B. W. Jong. Industrial 
Evaluation of Sulfur Concrete in Corrosive Environments. 
BuMines RI 8766, 1983, 15 pp. 

. Sulfapave: Densifiable Sulfur Concrete Mate 
als for Corrosive Environments. BuMines RI 8905, 1984, 11 
pp. 
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Chromium 


By John F. Papp! 


In 1984, reported chromium consumption 
was 314,820 short tons, an increase over 
that of 1983 (303,929 tons) The reported 
consumption of chromium by metallurgical, 
refractory, and chemical consumers in- 

. Increased metallurgical industry 
chromium consumption reflects National 
Defense Stockpile (NDS) conversion. Im- 
ports for consumption of chromite and fer- 
rochromium also in 

Domestic Data Coverage. —Domestic con- 
sumption of chromite by the primary con- 
suming industries, metallurgical, refracto- 
ry, and chemical, are developed by the 
Bureau of Mines by means of the voluntary 
monthly “Chromite Ores and Chromium 
Produ 
table 3 accounted for 100% of the chromite 
consumption data in table 5. In 1984, 88% of 


" survey. The companies listed in 


the metallurgical companies, 100% of the 
refractory companies, and 66% of the chem- 
ical companies reported chromite consump- 
tion. Consumption was estimated for the 
remaining 1796 of the metallurgical indus- 
try and 33% of the chemical industry. 

Domestic production data for chromium 
ferroalloys and metal are developed by the 
Bureau of Mines by means of two separate 
voluntary surveys. These two surveys are 
the monthly “Chromite Ores and Chromi- 
um Products" and the annual “Ferroal- 
loys." The six metallurgical industry com- 
panies listed in table 3 represented 100% of 
domestic production shown in table 4. Of 
the companies listed in table 3, 8396 re- 
sponded to both surveys, production for the 
remaining 17% was estimated. 


Table 1.—Salient chromium statistics 
(Thousand short tons, gross weight) 


1980 1981 1982 1983 1984 
CHROMITE 
United States 
CC))))ö;ö;ö˙Ü5 a es 6 71 8 11 55 
Reezxports - - -- -- -—---------------—- 67 57 5 4 
8 for consumption 982 898 507 190 305 
nsumption |. LLL „ 889 1558 320 512 
Stocks, Dec. 31: Consumer 61 128 545 1455 327 
World: Production... - - ------- ------—-- 110,915 110,224 9,193 P9,387 €10,468 
CHROMIUM FERROALLOYS! 
United States: 
Production- 239 226 119 36 95 
Reporte. 2. oe AAA ⁵ĩ ES 32 14 5 4 15 
JJ ² A 1 1 3) 2 1 
Imports for consumption... —- 302 440 148 282 434 
d DM EIER T8 412 423 262 895 
Stocks a Consumer 58 54 26 26 25 
World: Production 12, 236 12,114 1.956 P1814 *3,231 
*Estimated. Preli | 


liminary. Revised. 
1High- and low-carbon ferrochromium plus ferrochromium-silicon. 
*Includes chromium metal, exothermic chromium additives, and other miscellaneous chromium alloys. 


Less than 1/2 unit. 
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Legislation and Government  Pro- 
grams.—As a result of a request by the 
Government of Spain, the International 
Trade Commission investigated and deter- 
mined that revocation of the countervailing 
duty order on ferrochromium from Spain 
would not cause material injury to a U.S. 
industry. Consequently, the U.S. Depart- 
ment of Commerce revoked the countervail- 
ing duty order. | 

In 1981, the Ferroalloy Association, a 
domestic trade group, petitioned the Presi- 
dent for relief under section 232 of the 
Trade Expansion Act of 1962. As a result of 
this petition, Commerce investigated the 
effect of chromium ferroalloys and metal 
imports on the national security. Commerce 
submitted its investigation report and rec- 
ommendations to the President in 1982, 
after which it was reviewed by the National 
Security Council and the Office of Manage- 
ment and Budget. At that time, the Presi- 
dent directed further investigation into the 
impact of duties, tariffs, and breakpoint 
prices on imports and foreign trade. At the 
same time, the President endorsed upgrad- 
ing of stockpiled chromite. The General 
Services Administration (GSA) first con- 
tracted in 1983 to convert 121,753 tons of 
chromium ore. At GSA's suggested program 
conversion of 1,297,000 tons of ore to 518,500 
tons of ferrochromium, about 2.5 tons of ore 
yield 1 ton of ferrochromium. At this con- 
version rate, about 49,000 tons of ferrochro- 
mium was produced for the NDS in 1984. 
That conversion was carried out in 1984. 
The GSA awarded a second contract in 1984 
to convert 141,601 tons of chromium ore to 
high-carbon ferrochromium. Also in 1984, 
the Commerce investigation was completed 
and reported to the President. The investi- 
gation found that imports of high-carbon 
ferrochromium pose a threat to national 
security and that imports of low-carbon 
ferrochromium, ferrochromium-silicon, and 
chromium metal do not pose such a threat. 
Recommended remedial options were (1) 
upgrade NDS chromite ore to ferrochro- 
mium, (2) impose quotas, (3) impose a break- 
point tariff, and (4) impose an import duty. 
Following submission of the Commerce in- 
vestigation report, the President determin- 
ed that ferroalloy imports do not threaten 
to impair the U.S. national security. 

A National Materials Advisory Board 
study for the Federal Emergency Manage- 
ment Agency and Commerce was complet- 
ed. This study determined priorities for 
detailed quality assessment of the NDS 
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nonfuel materials and concluded that chro- 
mium metal is in the high-priority assess- 
ment category.? 

An American Society for Metals (ASM) 


assessment of chromium metal in the NDS 


for Commerce was completed. The ASM 
study found that NDS chromium metal (1) 
is not suitable for uses that have stringent 
purity requirements; (2) has no substitute in 
vacuum melted superalloys for hot corro- 
sion and oxidation resistance; (3) is usable 
for air melted alloys; and (5) is disqualified 
principally as a result of excessive amounts 
of undesirable residuals.’ . 

The U.S. Geological Survey (USGS) stud- 
ied chromite occurrences in California, 
Montana, and North Carolina. The USGS 
studied the Emma Bell chromite deposit, 
Siskiyou County, CA, in cooperation with 
the Bureau of Mines.“ By surface examina- 
tion and drilling, the study delineated 5 
million tons of dunite averaging 4% chro- 
mic oxide (Cr.0;). The fine grain nature and 
high iron content of accessory chromite 
reduced prospects for mine development. 
However, the large size of the deposit may 
offset these negative factors. 

The U.S. Department of Defense, under 
Executive Order 11440 and 10 U.S.C. 
2 304(aX16), required that domestically pro- 
duced high-carbon ferrochromium be used 
in defense items procured from domestic 
sources except when adequate supplies of 
domestically produced high-carbon ferro- 
chromium are not available and when mem- 
orandums of understanding or offset agree- 
ments exist with North Atlantic Treaty 
Organization (NATO) countries. Executive 
Order 11490 assigned the Secretary of De- 
fense responsibility for developing plans to 
fulfill military requirements and mainte- 
nance of the mobilization base. 

The Environmental Protection Agency 
(EPA) completed a health assessment on 
chromium. The assessment contains sources 
and concentrations of important trivalent 
and hexavalent chromium compounds, 
measurement methods, pharmacokinetics 
and essentiality, toxic effects, and car- 
cinogenic risks. This scientific assessment 
was prepared to provide a data base for 
EPA regulatory decision making.* 

The U.S. Congress, Office of Technology 
Assessment (OTA), summarized a study on 
technologies to reduce U.S. import vulnera- 
bility to chromium. Based on criticality and 
extent of use, and vulnerability of supply, 
OTA found chromium to be first-tier strate- 
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gic material. Within the technological 
categories—mineral production and metal 

processing, conservation, and substitution— 
OTA identified and discussed potential ben- 
efits of and barriers to vulnerability reduc- 
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tion in each category.* OTA also reported on 
domestic chromite minerals access to trans- 
portation. Air, rail, road, and water trans- 
portation in Alaska were compared with 
those in the continental United States.’ 


Table 2.—U.S. Government stockpile goals and yearend inventories for chromium i in 1984 
(Thousand short tons, gross weight) 


Physical inventory 
Material Stockpile r 
g Stockpile- Nonstock- Total 
grade pile-grade 

Chromite, metallurgicaallldãu „„ 3,200 1,957 406 12,362 
Chromite, chemical „„ 675 242 2a 242 
Chromite, eier 8 850 391 NS 391 

High-carbon e dp C 185 402 4 
Low- carbon ferrochromiuunsmꝰ”æwôæœ ccc 75 300 19 319 
Ferrochromium- silicon 90 57 1 58 
mium metall „ 20 4 TN 4 

Data do not add to total shown because of independent rounding. 
DOMESTIC PRODUCTION 


The major marketplace products of chro- 
mium are chromium ore, alloys, chemicals, 
and metal. In 1984, the United States pro- 
duced chromium alloys, chemicals, and met- 
al from imported chromium ore. No chromi- 
um ore was mined domestically. 

Domestic production of ferrochromium 
increased greatly over that of 1983. The 
major contribution to that increase was 
production for the NDS. (See "Legislation 
and Government Programs" section of this 
chapter.) 

Diamond Shamrock Corp. increased its 
sodium dichromate production capacity 
from 85,000 to 100,000 tons in 1983. 
Through further engineering and process 
improvements, that capacity has been in- 
creased to 110,000 tons of sodium bichro- 
mate. | 

CIBA-GEIGY Corp. announced the start- 
up of a lead chromate pigments plant. The 
plant at Glens Falls, NY, has an annual 
capacity of 30 million pounds. 

Ni-Cal Technology Corp. filed an applica- 
tion to build and operate a laterite process- 
ing demonstration plant in Del Norte Coun- 
ty, CA. Chromium ore concentrate was 
proposed to be obtained by gravity separa- 
tion preceding recovery of other minerals. 
The proposed plant was to process 85 tons 
per day of laterite ore. The plant was to be 
on California Nickel Corp.’s Gasque Moun- 
tain Mine property. California Nickel and 
Ni-Cal Technology are subsidiaries of Ni- 
Cal Developments Ltd. of Vancouver, Cana- 


da. 

The United Auto Workers' strike against 
SKW Alloys Inc. continued throughout 
1984. Macalloy Inc. recalled 150 of its em- 
ployees to carry out its contract with GSA 
to produce ferrochromium for the NDS. In 
September, Macalloy's creditors approved a 
reorganization plan under chapter 11 of the 
Federal Bankruptcy Code. The reorganiza- 
tion plan provided $0.35 on the dollar for 
creditors that wanted immediate payment 
with the balance of debentures paid out 
annually during a 5-year period between 
1984 and 1989. 

Chromasco Ltd. of Toronto, Canada, 
announced the permanent closing of its U.S. 
ferrochromium production facilities at 
Woodstock, TN. The Woodstock plant had a 
production capacity of 82,000 tons per year 
of high-carbon ferrochromium divided 
among four furnaces and 16,000 tons per 
year of low-carbon ferrochromium supplied 
by one furnace. The plant had been produc- 
ing chromium concentrates from slag since 
its furnaces were idled in 1980. The Globe 
Metallurgical Div. of Interlake Inc. was sold 
in 1984 to Pickands Mather & Co., a subsid- 
iary of Moore McCormack Resources Inc., 
for about $33 million in preferred stock, 
notes, and cash. Globe had an annual pro- 
duction capacity of about 45,000 tons of 
ferrochromium at its Beverly, OH, plant. 
Globe’s ferrochromium products included 
high- and low-carbon ferrochromium, low- 
nitrogen ferrochromium, and ferrochro- 
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mium-silicon. transferred within the company or have 
Closure of the General Refractories Co., been sold. At one time, the plant employed 

Baltimore, MD, plant was completed. Clo- about 300 people. Declining market demand 

sure of the plant was announced in 1981 for the plant's products was the reason for 

after which production ceased in 1982. Since closure. 

then, stocks and usable material have been 


Table 8.— Principal producers of chromium products in 1984, by industry 


Industry and company Plant 
Metallurgical: 
Elkem AS, Elkem Metals xo 222222222 Manetta OH and ney: 
Foote Mineral Co -.--------------------------------------—- Graham, WV. 
Macalloy Inc 2:22 MUM³MmMm M. LUE LU CD , SC. 
Metallurg Inc., Shieldalloy Corp ------------------------------ Newfield, NJ. 
Moore McCormack Resources fac Globe Metallurgical Inne Beverly, OH. 
SEW Alloys Ine -zsa es i ee ( 8 Calvert City, KY, and 
Niagara Falls, NY. 
Refractory: 
„, e d E ee Maple Grove, OH 
Corhart Refractories Co. Incccockka‚ékk‚kk -== ---- -~ ——-— Pascagoula, MS. 
Davis Refractories Hf ð ſ o5 se ce see eee ee ee eee eee Jackson, OH. 
General Refractories o i, UT. 
Harbison-Walker Refractories, a division of Dresser Industries Ine Hammond, IN, and 
Baltimore, MD. 
Kaiser Aluminum & Chemical Cor ˖.Tcß «444444 Moss Landing, CA, and 
Columbiana, OH. 
North American Refractories Co. Ltd dl ERE EE MONT Womelsdorf, PA. 
Chemical: 
Allied Chemical Corp... ·· 2222222222222-22- Baltimore, MD. 
American Chrome & Chemicals Ine J x WE Corpus Christi, TX. 
Diamond Shamrock Corp. ..........---- „„ Castle Haynes, NC. 


Table 4.— Production, shipments, and stocks of chromium férroulioys and chromium 


metal in the United States 
(Short tons) 
Net production Producer 
. ilie 
weight content xd Dec. 31 
1983: 

Low- carbon ferrochromium |... 2222 LLL LL 222-2 
19,928 12,964 39,510 W 

High-carbon ferrochromium .............- 8 

Ferrochromium-siliſoůnnnnꝰônTòTôͥu—w ~~ ee 
16,471 6,368 18,696 50,104 

Other? _______________ LL 2c Ll LLL 2cssss 2c 
Ji ⅛ A rt EU 36,399 19,332 53,206 50,104 

1984: 

Low-carbon ferrochromium ONDE REESE NE E eT 
n fe miüm cule LL EE ere | 19,515 50,919 110,889 16,256 

Chromium concentratttteeeeeeeeese 

Ferrochromium-silicon 2 2 2 22222222222 
Chromium metall „ 15,885 8,324 10,8383 8,282 

Other? eme Sr tU eee ce | 

Total _.-----------------~-~------- 8 95,400 59,243 120,712 24,538 


W Withheld to avoid disclosing company proprietary data; included with Other.“ 


1Includes chromium metal, chromium concentrate, exothermic chromium additives, and other miscellaneous 
chromium alloys. 


*Includes exothermic chromium additives and other miscellaneous chromium alloys. 
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CONSUMPTION AND USES 


Domestic consumption of chromite ore 
and concentrate was 512,156 tons in 1984. 
Of the total chromite consumed, the metal- 
lurgical industry used 4496; the refractory 
industry, 19%; and the chemical industry, 
87%. The metallurgical industry consumed 
225,727 tons of chromite in the process of 
producing 95,400 tons of chromium ferroal- 
loy, metal, and other chromium-containing 
materials. Most of the chromite consumed 
and ferrochromium produced by the metal- 
lurgical industry was part of the NDS 
conversion program. (See "Legislation and 
Government Programs" section of this 
chapter.) 

Chromium has a wide range of uses in the 
three primary consumer groups. In the 
metallurgical industry, its principal use in 
1984 was in stainless steel. Of the 401,057 
tons of chromium ferroalloys, metal, and 
other chromium-containing materials re- 


ported consumed, stainless steel accounted 
for 78%; full-alloy steel, 10%; superalloys, 
3%; and other end uses accounted for the 
remainder. Chromium ferroalloys, metal, 
and other chromium material consumption 
increased 296 compared with that of 1983. 

The primary use of chromium in the re- 
fractory industry was in the form of chro- 
mite to make refractory bricks to line met- 
allurgical furnaces. Chromite consumption 
by the refractory industry increased 35% 
compared with that of 1983. 

The chemical industry consumed chro- 
mite for manufacturing chromates, chromic 
acid, and pigments. Sodium and potassium 
chromate and bichromate are the materials 
from which a wide range of chromium 
chemicals are made. Chromite consumed by 
the chemical industry increased 396 com- 


pared with that of 1983. 


Table 5. —Consumption of chromite and tenor of ore used by primary consumer groups 


in the United States 
» Metallurgical Refractory Chemical 
industry industry industry Total 
Year Gross Average Gross Average Gross Average Gross Average 
weight Cr3Os weight Cr303 weight Cr303 weight Cr303 
(short tons) (percent) (short tons) (percent) (short tons) (percent) (short tons) (percent) 
1980 576,628 35.9 160,208 85.8 239,941 45.8 976,772 38.4 
1981 .. 508,051 35.7 147,853 81. 238,465 42.6 889,369 31.9 
1982 __ 128g, 481 "35.2 79,160 96.4 194,935 44.9 "558,176 188.9 
1983 64, 310 89.3 12,050 36.9 T183,611 744.9 "319,971 142.0 
1984 __ 225,7 48.5 97,469 37.4 188,960 44.8 512,156 42.8 
"Revised. 


Table 6.—U.S. consumption of chromium ferroalloys and metal in 1984, by end use 


(Short tons, gross weight) 
Low-carbon High-carbon Ferrochromium 
End use ferrochromium ferrochromium ilicon Other Total 
Steel: 
E EENE ELISEA E A ee a 3,664 4,814 143 W 9,221 
Stainless and heat-resisting — — _ 9,996 292,787 9,698 594 818,070 
677777777070... EU ar, 8,458 28,356 1,933 99 88,846 
igh-atrength, low-alloy and 
electric... 22 ___ 3,333 2,866 8,472 W 9,671 
f nud es asse s aio 857 4,482 188 W 4,977 
Cast iron ss 544 5,913 1,143 7,600 
Superalloys 4,358 4,081 52 8,038 11,529 
Weldi materials (structural and 
"acing itd d nun ee anise 487 749 W 111 1,347 
Other allo 684 712 W 1,054 2,450 
Miscellaneous and unspecified .. _ _ — 1,081 87 14 1,164 2,346 
ze ee 82,962 844,847 17,188 26,060 401,057 
N content 22,048 198,538 6, 139 5,294 231,959 
Stocks, Dec. 81 2... 3,375 19,946 1,422 11 559 26,302 


W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and unspecified. 4 


1Includes magnetic and nonferrous alloys. 
Ancludes 4,275 tons of chromium metal. 
Includes 841 tons of chromium metal. 
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STOCKS 


Reported consumer stocks of chromite 
declined from 455,576 tons in 1988 to 
327,821 tons in 1984. Metallurgical, refrac- 
tory, and chemical industry stocks declined. 
Producer stocks of chromium ferroalloys, 
metal, and other materials declined from 


50,104 tons in 1983 to 24,538 tons in 1984. 
Consumer stocks declined from 26,670 tons 
in 1988 to 26,302 tons. At the 1984 annual 
rate of chromium ferroalloy and metal con- 
sumption, producer plus consumer stocks 
represented a 1.5-month supply. 


Table 7.—U.S. consumer stocks of chromite, December 31, by industry 


(Short tons, gross weight) 
Industry 1980 1981 1982 1983 1984 
Metallurgical. -----------------—- 218,942 229, 800 119,540 140,324 24,442 
Refractory _______________________- 7194749 ' 128,210 113,233 75,832 69,619 
Chemical 321,557 370,463 812,808 F239 420 288,260 
Totaall 615,248 128,478 545,581 1455,576 327,321 
"Revised. 


Table 8.—U.S. consumer stocks of chromium ferroalloys and metal, December 31, 


by product 
(Short tons, gross weight) 

Product 1980 1981 1982 1983 1984 
Low- carbon ferrochromium ____________— - 5,432 5,198 9,459 3,474 3,375 
High- carbon ferrochromium. ~- - - ---------—- ,258 46,601 21,793 20,948 19,946 
Ferrochromium-silicſoeonn 2-2 ----- 2,518 1,801 1 1,294 422 

½000%00%C˙ö[Ü , ẽ ũxũ6 · (- a 1,985 2,468 2,593 954 ; 
Total... ð LUE IQ 60,203 56,068 29,082 26,670 26,302 


e ue chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous chromium 
oys. 


PRICES 


The price of South African and Turkish 
chromite remained unchanged. The pub- 
lished price of South African Transvaal 
chromite, 44% Cr. O,, no specific chromium- 
to-iron ratio, was $48 to $52 per metric ton, 
f.o.b. South African ports. The price of 
Turkish chromite, 48% Cr;0,, 3:1 chro- 
mium-to-iron ratio, was $110 per metric ton, 
f.o.b. Turkish ports. 

The price of high-carbon ferrochromium, 
imported low-carbon ferrochromium, and 
ferrochromium-silicon varied, whereas the 
price of domestic low-carbon ferrochromium 
remained unchanged. The price of imported 
50% to 55% high-carbon ferrochromium 
increased from $0.39 to $0.40 per pound to 
$0.40 to $0.42 during the first week of 
January. The price rose to $0.41 to $0.43 in 


March, then $0.43 to $0.45 in April where it 
remained until yearend. The price of domes- 
tic 50% to 55% high-carbon ferrochromium 
remained at $0.40 to $0.43 per pound until 
August, when the price was suspended for 
the remainder of the year. The price of 
imported 60% to 65% high-carbon ferro- 
chromium rose from $0.41 to $0.42 per 
pound to $0.41 to $0.425 during the first 
week of January. The price rose to $0.485 to 
$0.45 in March, then to $0.45 to $0.46 in 
May, where it remained until yearend. The 
price of domestic 66% to 70% high-carbon 
ferrochromium rose from a range of $0.42 to 
$0.54 per pound to $0.54 per pound in 
August, where it remained until yearend. 
Chromium ferroalloy and metal prices are 
those published in Metals Week. 
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Table 9.—Price quotations for chromium materials at beginning and end of 1984 


Material 


U.S. charge chromium (50% to 55% chromium) -------- 
Imported charge chromium (50% to 55% chromium) -_ _ - — — 
Imported charge chromium (60% to 65% chromium) - — - _ — 
U.S. charge chromium (66% to 70% chromium) . ~~~ _ _ — 


U.S. low-carbon ferrochromium (0.025% carbon) 
U.S. low-carbon ferrochromium (0.05% carbon) 


Electrolytic chromium metal |... 


Ferrochromium-silicon 


Imported low-carbon ferrochromium (0.05% carbon) _ _ — _ _ 
Simplex (low-carbon ferrochromium)___ ----------—- 


January December 
Cents per pound of chromium 
MID M ME MMC 40- 43 Suspended. 
FEVER EPA 39- 40 43- 45 
uc dique d cL LE 41- 42 45- 46 
———— ——X tes 42- 54 54 
7 ete REPAIRS 100 100 
eM 95 95 
FC 89- 95 89- 95 
ERE cun LU DUE 1 100 
Cents per pound of product 
E E EE EU E DUE 375 375 
JJ aaa oe ae 34.5 36.6 


FOREIGN TRADE 


Exports of chromium materials from the 
United States included chromite ore, ferro- 
chromium, chromium metal, chromium 
chemicals, and chromium pigments. 

Exports of chromite ores and concen- 
trates totaled 54,928 tons valued at 
$2,956,982. The Federal Republic of Ger- 
many (44%), Sweden (30%), and Mexico 
(21%) were the major recipients of these 
exports. 

Exports of chromium ferroalloy totaled 
15,388 tons, contained 9,996 tons of chromi- 
um, and were valued at $10,542,286. The 
Federal Republic of Germany (56%), Cana- 
da (27%), and Spain (11%) were the major 
recipients of these exports. 

Exports of chromium metal, wrought and 
unwrought, waste and scrap, totaled 259 
tons, valued at $3,626,593. Canada (32%), 
Japan (20%), and Mexico (19%) were the 
major recipients of these exports. 

Exports of potassium chromate and di- 
chromate totaled 77 tons, valued at $74,617. 
Canada (58%) and Mexico (23%) were the 
major recipients of these exports. 

Exports of sodium chromate and dichro- 
mate totaled 18,321 tons, valued at 
$10,882,766. Canada (26%) and China (26%) 
were the major recipients of these exports. 

Exports of chromic acid totaled 5,672 
tons, valued at $8,478,571. The major recipi- 
ent of these exports was China (30%). 

Exports of pigments containing chromi- 
um totaled 2,062 tons, valued at $7,213,880. 
Canada (27%) was the major recipient of 
these exports. 


Imports of ferrochromium-silicon totaled 
7,942 tons, contained 3,032 tons of chromi- 
um, and were valued at $3,736,336. These 
imports came from Zimbabwe. 

Imports of chromium metal, wrought and 
unwrought, waste and scrap totaled 4,677 
tons, and were valued at $24,073,109. These 
imports came primarily from the United 
Kingdom (41%) and Japan (31%). 

Imports of potassium chromate and di- 
chromate totaled 554 tons, valued at 
$507,331. These imports were supplied pri- 
marily by the United Kingdom (62%). 

Imports of sodium chromate and di- 
chromate totaled 4,617 tons, valued at 
$2,919,757. These imports were supplied 
primarily by the U.S.S.R. (22%) and the 
Republic of South Africa (20%). 

Imports of chromium carbide totaled 181 
tons, valued at $1,242,407. These imports 
were supplied primarily by the Federal 
Republic of Germany (69%). 

Imports of chromic acid totaled 2,456 
tons, valued at $3,500,149. These imports 
were supplied primarily by Italy (39%). 

Imports of pigments included 53 tons of 
chrome green, valued at $130,260; 2,560 tons 
of chrome yellow, valued at $4,223,082; 
1,999 tons of chromium oxide green, valued 
at $4,116,365; 18 tons of hydrated chromium 
oxide green, valued at $68,894; 1,013 tons of 
molybdenum orange, valued at $2,366,754; 
197 tons of strontium chromate, valued at 
$424,883; and 1,186 tons of zinc yellow, 
valued at $1,529,624. 
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Table 10.—U.S. exports and reexports of chromite ores and concentrates 


Exports Reexports 

Year — Quantity Value Quantity Value 

=. . (shorttons) (thousands) (short tons) (thousands) 

// ·o 8 53911 $1,441 43,696 $8,544 
19] uo a E 10,672 5.993 66,566 9,575 
Ii o S CDI 8,165 1.574 56 830 9.172 
CTT!!! NN M ROR d NUS DURUM 11/082 1'874 4.561 1.950 
777 8 — 54,928 2.957 3,855 864 


Table 11.—U.S. import duties for ehromium- containing materials 


Ite TSUS Most favored nation (MFN) Non-MFN 
m IEEE ESTE SORE GRE SOE . N e EUAGU TUI NE SOIT MUR TRU WAR 
No. Jan. 1, 1984 Jan. 1, 1987 Jan. 1, 1984 
Ore: ] 
Chrome ore and concentrate 601.15 Frob ncn No target duty __ ^ Free. 
Metal and alloys: | : | 
Low carbon ferrochromium . — 606.22 8.696 ad valorem . — 3.1% ad valorem .. 30% ad valorem. 
High-carbon ferrochromium 606.24 1.996 ad valorem ... No duty __ 7.5% ad valorem. 
Ferrosilicon chromum 606.42 10% ad valorem .. 10% ad valorem . 25% ad valorem. 
Chrome metal (wrought, ; 
ch unwrought, waste and scrap) 632.18 4.296 ad valorem .... 3.7% ad valorem . 30% ad valorem. 
emicals: 
Potassium chromate and di- 
chromat 420.08 1.6% ad valorem 1.596 ad valorem .. 3.5% ad valorem. 
Sodium chromate and dichro- | 
male. A 420.98 2.6% ad valorem .. 2.4% ad valorem .. 8.5% ad valorem. 
Chromium carbide - --- — — — — . 422.92 4.9% ad valorem .. _— 4.2% ad valorem _ 25% ad valorem. 
Chromic acid 423.0092 4.2% ad valorem ..— 3.7% ad valorem — Do. 
Pigments: 
Chrome green 473.10 4.4% ad valorem No o target duty Do. 
Chrome yell 473.12 xm ccc s zd eo oo Do. 
Chromium oxide green 413.14 5 3.7% ad valorem Do. 
ucc chromium oxide 
M Slybde jum orange Ws cade None du s De, 
0 num orange À ERPE > EEE deg. e uty .— , 
Strontium chromate 473.19 0 er 3.7% ad valorem Do. 
Zinc yellow ~~. ~~ 473.20 ee OOo ee No target duty _ _ Do. 
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Table 13.—U.S. imports for consumption of ferrochromium, by country 


Low-carbon ferrochromium High-carbon ferrochromium 
(less than 396 carbon) (396 or more carbon) 
Country Gross Chromium Gross Chromium 
weight content Value weight content Value 
(short (short (thousands) (short (short (thousands) 
tons) tons) tons) tons) 
1983: 
Albania pm a hes 3,881 2,445 $1,424 
Belgium nnn P = — 1 1 (1) 
Brazil me i NEN 7,606 4,147 2,329 
JJ S C "em ia 153 91 68 
700 ³˙ A T eee! 19 14 $ m R 
Germany, Federal Republic of 821 744 821 546 468 
fo MMC HOP 86 135 104 164 E do S 
e ORO (8 1,565 1,044 1,687 ae = 
Korea, 5 CFC — "e ne 1,047 553 332 
JFF SU Soraya 701 446 647 P oe S 
South Africa, Republic of 992 602 746 85 115 sS : 
Sweden 7,598 5,534 7,186 3,307 2,135 1,358 
f 8 72 525 588 14,165 9,062 5,809 
United Kingdom 36 2b 40 SE aoe "m 
Yugoslavia... Eus = ce 32,562 21,046 13,088 
Zimbabwe ______________ 4,118 2,833 3,448 48,744 31,788 20,766 
TCC el a ss 16,757 11,713 15,274 263,546 151,285 93,738 
1984: 
Brazil z--- oi c TEE EE 13,062 7,055 4,616 
Canada 3 a E E RES DR zx 23 15 
France. et 19 14 25 21 13 4 
9 Federal Republic of 5,023 8,603 5,072 39 26 52 
India inem a 8 v 8,420 2,356 1,649 
Italy os ens eh 710 531 868 4,956 8,023 1,968 
Japans 39 36 25 31 
Norway -coenen ae 51 33 74 V a — 
Philippines ES Ms 5,423 8,428 2,484 
South Africa, Republic of 4,997 3,066 4,018 257,919 136,199 97,010 
Spain ---------------—-— ae 925 632 429 
Sweden — - —- —--—---------—- 4,825 8,168 4,778 1,101 689 
Turke dd 1.873 1,613 47,907 19,648 
Yugoslavia_------------- -— A . 27,675 17,925 18,420 
Zimbabwe ______________ 8,074 5,531 6,885 88,170 24,868 18,802 
TC eere: 25,132 17,236 23,397 400,677 225,487 160,054 
1Less than 1/2 unit. 


*Data may not add to totals shown because of independent rounding. 


WORLD REVIEW 


World chromite production increased to 
10.5 million tons, from 9.4 million tons in 
1983. Ferrochromium production increased 
to 3,231,000 from 1,814,000 tons in 1983. 

Increased world production of stainless 
steel in 1984 resulted in strong demand for 
chromium. Market economy country stain- 
less steel production reached a record high 
of about 9 million tons. Japan achieved a 
record-high production of 3 million tons. 
U.S. stainless steel production remained 
about the same as that of 1983. However, 
U.S. imports increased from 190,000 to 
260,000 tons, showing that domestic demand 
was increasingly satisfied by imports owing 
to the strong dollar. 

In the Republic of South Africa, the major 
market economy country producer of chro- 
mite and ferrochromium, chromite and fer- 


rochromium production exceeded that of 
1983, and ferrochromium production reach- 
ed a record high. The Republic of South 
Africa produced about 1 million tons of 
ferrochromium by full production capacity 
use, delay of servicing, and conversion of 
idle furnace capacity. 

Chromium ferroalloy production capacity 
continues to move from traditional consum- 
er countries to chromium ore producing 
countries. This was highlighted in 1984 
when Japan announced plans to reduce its 
ferrochromium production capacity, and a 
plant in the United States was permanently 
closed. On the other hand, ferrochromium 
plant construction or expansion was in 
progress in Finland, India, the Philippines, 
Sweden, and Turkey. Plant construction or 
expansion was under consideration in Mad- 
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agascar and Greece. 

Argentina.—Geologists participating in 
the Northwest Argentina Plan, a Govern- 
ment minerals evaluation program started 
in 1969 for Santiago del Estero, Tucumán, 
and Catamarca Provinces, reported promis- 
ing chromium resources at Fiambala in 
Catamarca in 1984. 

Brazil.—Cia. de Ferro-Ligas da Bahia 
S.A. (FERBASA) reportedly planned to ex- 
pand its ferrochromium production capaci- 
ty from its current 144,000 tons per year to 
230,000 tons per year. Expansion was to be 
completed by mid-1986. FERBASA planned 
to expand because of increased domestic 
consumption. 

Cyprus.—Chromite resource investiga- 
tion has been carried out in Cyprus by the 
Bureau de Recherches Géologiques et Min- 
iéres (BRGM) since mining ceased in 1982. 
In 1984, borehole drilling was carried out at 
the Kokkinorotsos and Hadjipavolou Mines 
and the Kannoures mining lease to prove 
reserves. The Cyprus Geological Survey De- 
partment in conjunction with BRGM has 
investigated chromite occurrences in the 
Akapnou Forest located in the Vasa-Layia 
area 


European Economic Community 
(EEC).—The EEC revised its ferrochro- 
mium quotas twice in 1984, once in May, 
then again in November. The revision oc- 
curred because of higher than anticipated 
demand. The EEC levied a duty on sodium 
dichromate from Romania in February 
when imports of that material reached a 
preset ceiling value of $209,230. 

Finland.—Finland was continuing work 
to double ferrochromium production capaci- 
ty at Tornio by adding a 36-megawatt fur- 
nace. Target capacity of 120,000 tons per 
year was scheduled for completion in 1985. 


France.—The Chromium Association was 


formed, with headquarters in Paris, and is 
composed of producers and traders from 
Finland, Greece, India, Italy, Madagascar, 
the Philippines, the Republic of South Afri- 
ca, Spain, Sweden, and the United States. 
The association's objectives are to collect 
and evaluate chromium production and con- 
sumption statistics, collect information on 
chromium industry-related matters, dissem- 
inate those statistics and information to 
further technical cooperation, provide a fo- 
rum for the discussion of chromium indus- 
try-related problems, effect and maintain 
liaison with chromium-related organiza- 
tions, promote chromium use, and encour- 
age and sponsor chromium research and 
development. 
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Greece.—Greece started commercial ship- 
ments of high-carbon ferrochromium from 
Hellenic Ferroalloy S.A. The plant started 
production in 1988, with a capacity of 40,000 
to 45,000 tons per year, with one 20-mega- 
volt ampere furnace. 

To protect 5,000 jobs, the Minister for 
National Economy brought the Scalistiris 
Group, a chromite refractories producer, 
under state control. 

India.—To improve the competitiveness 
of chromite ore on the international mar- 
ket, the Indian Government abolished ex- 
port duties on that ore. 

Two high-carbon ferrochromium plants 
were under construction, the OMC Alloys 
Co. plant at Bamnipal, Orissa, and the 
Indian Metals & Ferro Alloys Ltd. (MFA) 
plant at Chouduar, Cuttack District, Orissa. 
Both plants were scheduled to start oper- 
ations in 1985. 

Ferro Alloys Corp. Ltd. (FACOR), a high- 
carbon ferrochromium producer that start- 
ed production in 1984 at Randia, Balasore 
District, Orissa, commissioned a chromium 
ore concentrator plant. The concentrator 
plant was built at its Boula Mine, which 
adjoins the ferrochromium production 
plant. The concentrator produces 50% 
Cr;O; chromium ore concentrate from 20% 
Cr.0; feedstock by gravity separation. The 
concentrator was supplied by Larsen & 
Toubro Ltd. in cooperation with Sala Inter- 
national AB, Sweden. The concentrator is 
expected to produce about 30,000 tons por 
year of concentrate, which is to be briquet- 
ted. The briquets could account for 30% of 
the chromium material feedstock. 

Japan.—The system of advance allotment 
of duty-free ferrochromium imports, started 
in fiscal year 1983, was continued in 1984. 

The tariff rate on ferrochromium-silicon 
was reduced to 3.7% from 3.8%. This duty 
reduction was agreed upon at the Tokyo 
Round of the General Agreement on Tariffs 
and Trade talks in 1977. Implementation 
was in effect 2 years ahead of schedule. The 
ferrochromium rate remained at 8%. 

Preparations were made to expand the 
national rare metal stockpile by a 4.8-day 
supply during fiscal year 1984. Ferrochro- 
mium purchases were estimated at about 
7,000 tons. The 4.8-day supply was to be 
distributed as follows: 2 days supply to the 
national stockpile, 2 days supply to the joint 
Government-private stockpile, and 0.8 day 
supply to the private stockpile. 

The Ministry of International Trade and 
Industry (MITI) held talks with ferro- 
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chromium producers and announced plans 
to bring the ferroalloy industry under the 
Temporary Law for Structural Improve- 
ment of Specific Industries. MITI planned a 
ferrochromium production capacity reduc- 
tion of 10%, from 500,000 to 450,000 tons 
per year. The reduction was planned for 
fiscal year 1987. 

 Madagascar.—A pilot plant for the pro- 
duction of ferrochromium was being plan- 
ned by the Government. 

Oman.—A stockpile of chromite was de- 
veloped based on production from two sites, 
which started operation in 1982 near Na- 
khal. The Oman Mining Co. was consider- 
ing the development of port facilities at 
Fujeirah or Khor Kakhan for the storage 
and shipment of chromite ore because there 
are no chromite storage facilities at Mina 
Qaboos, the port currently used. 

Pakistan.—The Baluchistan Develop- 
ment Authority (BDA) was involved in 
three chromium-related development proj- 
ects: one in mining, one in refractory brick 
production, and one in chromium chemicals 
production. À reorganized Pakistan Chrome 
Mines Ltd. could produce 9,000 tons per 
year under an agreement with BDA, the 
mineral rights owner, according to a new 
plan. BDA also proposed construction of a 
refractory brick plant. The plant, to be at 
Quetta, would produce chrome-magnesite 
and magnesite-chrome bricks. In addition, 
BDA proposed a chromium chemicals plant. 
The plant, to be at Quetta, would produce 
about 20,000 tons per year of sodium dichro- 
mate. 

Papua New Guinea.—Nord Resources 
Corp. (NRO) of the United States continued 
development of the Ramu River lateritic 
deposit for its chromium content. NRC, in a 
joint venture with Carpentaria Exploration 
Co., was exploring the property and devel- 
oping mining plans. NRC set proven re- 
serves at 78 million tons in the Canga zone 
and 50 million in the Limonite zone, each 
grading at 4.0% chromium. The material 
can be concentrated to a 4596-Cr4O; concen- 
trate with a chromium-to-iron ratio of 1.6:1. 
High-carbon, low-chromium ferrochromiüm 
of 52%-chromium content has been pro- 
duced by submerged arc and by plasma arc 
furnaces. Several mining plans were being 
evaluated. 

Philippines.—Ferrochrome Philippines 
Inc. (FPD modified its production facilities. 
FPI introduced the use of a water-cooled 
furnace cover and a gas cooling system to its 
process. The water-cooled furnace cover in- 
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creases the time between cover mainte- 
nance from 2 to 5 years. The gas cooling 
system recovers dust for reuse, permitting 
higher temperature furnace operation. 

Sierra Leone.—Rickelson Oil and Gas Co. 
(United States) reported reduction in its 
area of interest to 1,893 square miles. That 
area contains all known chromium re- 
sources in Sierra Leone. Surface samples 
were assayed 44.5% to 46.7% Cr.0; and 
chromium-to-iron ratio of about 3:1. 

South Africa, Republic of.—The Water- 
kloof Mine was sold by Metallurg Inc. of the 
United States to General Mining Union 
Corp. Ltd. (Gencor). Waterkloof chromite 
ore was not usable by Metallurg’s European 
chromium ferroalloy production facilities at 
Weiswiller, Federal Republic of Germany, 
and Trollhattan, Sweden. 

The Tweefontein Mine started production 
in 1982 at an annual capacity of 650,000 
tons. In 1984, Gencor planned to expand 
this mine to an annual capacity of 1 million 
tons by expanding preparation facilities and 
extending the mine’s belt conveyor. 

South African Manganese Amcor Ltd. 
(Samancor) converted three of its small 
electric furnaces at Meyerton to ferrochro- 
mium production with an annual capacity 
of 40,000 tons. With this temporary change, 
Samancor took advantage of the simulta- 
neous high demand for ferrochromium and 
low demand for ferromanganese. 

Middelburg Steel & Alloys (Pty.) Ltd. 
(MSA) started operation of a 20,000-kilovolt 
ampere (kVeA) plasma furnace at 16,000 
kVeA. The furnace has an annual produc- 
tion capacity of 17,000 tons of ferrochro- 
mium. MSA planned to increase that capac- 
ity to 30,000 tons by preheating the furnace 
feed. 

Gencor started production capacity ex- 
pansion studies for its Tubatse ferrochro- 
mium plant at Steelpoort, Transvaal. Tu- 
batse operates three 30,000-kVeA electric 
furnaces. Expansion completion was pro- 
jected for 1987. 

The state-run South African Railway 
raised freight and port services charges. 
The increases averaged 14.7%. 

Sweden.—Scan Dust AB completed con- 
struction and started operation of its recy- 
cling plant at Landskrona. The plant recov- 
ers chromium from iron and steel mill 
baghouse dust, processing up to 80,000 tons 
per year. 

The Government approved construction 
of an 86,000-ton-per-year-capacity ferrochro- 
mium plant at Malmo. The plant was to be 
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completed in 1986 and operated under the 
name of Swedechrome. The plant was de- 
signed by and expected to be built by SKF 
Engineering AB utilizing SKF's 6-megawatt 
plasma arc generator. The plant was ex- 
pected to cost about $62 million and employ 
about 100 people. The new plant was to sell 
excess energy to the local district heating 
authority. 

Togo.—The National Bureau of Mines 
and Minerals announced a 5-year plan to 
develop Togo's mineral resources. The first 
stage of this program was to be a national 
minerals inventory. Chromium ore is 
thought to be in the Haito and Farenda 
areas. 
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Turkey.—Elazig Ferrochrome Works’ 
modernization continued. Upon completion 
in 1985, the Elazig Ferrochrome Works will 
have increased its high-carbon ferrochro- 
mium production capacity from 60, 000 to 
170,000 tons. 

Kromsan Bilesikleri Sanayi ve Ticaret 
(Chromium Compounds Industry and 
Trade) started operation at Mersin. The 
chemical plant’s annual capacity is 22,000 
tons of sodium dichromate, 8,500 tons of 
sodium sulfate, and 3,200 tons of chromium 
sulfate. This plant is Turkey’s first chromi- 
um chemicals plant. The plant is owned by 
Turkiye Sise Cam Fabrikalari (Turkish 
Glass Works). 


Table 14.—Chromite: World production, by country! 
(Thousand short tons, gross weight) 


Country” 1980 


1981 1982 1983? 1984° 
Albania 1840 7960 r960 990 960 
razil ____—------------—----—--— 345 71261 304 304 310 
Cuba 22e eu dice ĩͤ r31 23 30 37 54) 
i ß 18 11 3 (ê) n 
Fnlen gangs 399 454 380 211 280 
i, ß 146 132 3⁴ 30 
IndiB. . uic E T352 369 874 465 485 
177;õĩõͤĩ˙³¹ ⁵ ³ ⁵ : E E 35 45 55 55 
Japi uncos 15 12 12 9 57 
Madagascar 198 110 49 50 566 
New Caledonia E ht ies oe yee a8 aol Rae 2 r5 55 96 593 
Pakistáb. cassan W rg REL 3 r2 3 6 7 
Philippines̃ 547 484 355 294 300 
South Africa, Republic o 3,763 3,164 2,385 2,460 53,314 
Sudan ⁰ ꝰ ↄ Bt ieu 28 128 21 122 30 
CJô§öÄ14L i : ee ULL 1411 466 449 564 8670 
%%%0000o%éͤ mah Lt ELE LE 73,200 13,200 13,240 13,240 3, 300 
Vietnam? ________________________- 17 17 18 118 20 
Yugoslavia __________________~____-~- 9) (° "S M ES 
Zimbab h 1610 591 476 476 500 
%«³êO Sis re et ee 110,915 110,224 9,193 9, 387 10, 468 
"Estimated. Preliminary. Revised 


1Table includes data available through J uly 2, 1985. 


An addition to the countries listed, Bulgaria, China, and North Korea may also produce romita, but output is not 
reported quantitatively and available general information is inadequate for formulation of reliable estimates of output 
levels. Figures for all countries represent marketable output unless otherwise noted. 


Figures are sum of (1) crude ore sold directly for use and (2) concentrate output, both as re 


rted in Brazilian sources. 


Data for 1980 may include 45,000 to 55,000 short tons of run-of-mine ore that required beneficiation. Total run-of-mine 


crude ore 


production (not comparable to data for other countries) was as follows, in thousand short tons: 1980—919; 
1981—1,021; 1982—736; 1983—517; and 1984—550 (estimated). 


*Production of marketable product (direct-shipping lump ore plus concentrates and foundry — 


sReported figure. 
“Revised to zero. 


"Exports of direct-shipping ore plus production of concentrates. 
SEstimates for 1980 and 1981 are based in part on output reported in Soviet sources as follows, in thousand short tons: 


1980— 3,700; and 1981— 3,600 
ess than 1/2 unit. 


U.S.S.R.—Operation of a beneficiation 
and concentrating plant started at the 
Donskoye complex in western Kazakhstan. 
The plant had a capacity to process 2 
million tons of ore per year. 

United Kingdom.—The Department of 
Trade and Industry announced that the 


national strategic chromium stockpile was 
to be sold. Material was stocked in 1982 
and 1983. Contents of the stockpile are 
unknown. 

The British Geological Survey and British 
Open University reported results of a sur- 
vey of chromitiferous rocks in Shetland 
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Isles. Two zones of chromite concentration 
were located on Unst Island and two pods 
on Feltar Island. The areas have accounted 
for small and intermittent chromite produc- 
tion since 1817. 

Zimbabwe.—Zimbabwe Alloys Ltd. pur- 
chased the Zshivani chromium mine from 
Inyala Chrome Co. The mine was to be 
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brought into production in 1985 at a capaci- 
ty of 2,000 tons per month of ore and con- 
centrate. 

Zimbabwe Mining and Smelting Co. (Pvt.) 
Ltd. (ZIMASCO) brought its fifth furnace 
into production. ZIMASCO has six furnaces, 
but did not have chromite capacity to sup- 
ply all six furnaces. 


WORLD RESERVES 


The Bureau of Mines completed a chromi- 
um mineral availability study for market 
economy countries. Eighty chromite oper- 
ations in 10 countries were analyzed to 
determine the long-range cost of producing 
chromite ore or high-carbon ferrochromium 
from that ore. The analysis included cate- 
gorizing resources by economic, physical, 
geologic, geographic, and production char- 
acteristics; estimation of mining costs in- 
cluding labor, material and supply, and 
equipment operation costs; estimation of 
operating costs including depreciation, 
taxes, royalties, and interest and reinvest- 
ment costs; and aggregation of cost-resource 
data into material availability versus cost 
representatives. The resource base analyzed 
in this report includes 1.3 billion tons of 
demonstrated resources.* 

The Bureau of Mines published a directo- 
ry of 43 domestic and 83 foreign chromium 
deposits that are part of its minerals avail- 
ability system.“ These deposits are the ma- 
jor market economy country contributors to 
world production. They are subject to the 
Bureau's systematic engineering-cost evalu- 
ation. 

The USGS studied low-grade chromium 
resources. Because only two-thirds of 1% of 


chromite is outside of the Republic of South 
Africa (66%), Zimbabwe (33%), and the 
U.S.S.R. (0.396), there exists a potential for 
severe supply disruption. Because of this 
potential, this study examined possible 
unconventional, low-grade chromium re- 
sources. The study found no unconventional 
minerals to have potential as a chromium 
source. Of five unconventional geological 
settings considered, three were found to 
have mining potential. Chromite from later- 
ite deposits was found to have the greatest 
potential because that chromite could be a 
byproduct of current economic nickel min- 
ing operations.!^ 

The USGS completed a study of the 
world's major chromite deposits. The study 
was carried out as part of the International 
Strategic Minerals Inventory program, a 
collective effort by Australia, Canada, the 
Federal Republic of Germany, the Republic 
of South Africa, and the United States. For 
51 major deposits and districts in 14 coun- 
tries, this study details location, geologic 
characteristics, resource characteristics, 
production, and production capacity. The 
distribution of chromite resources and pro- 
duction among countries and economic 
classes of countries were reported. 
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The Bureau of Mines has principal re- 
sponsibility for conducting chromium 
mineral-related research and for collecting, 
interpreting, and analyzing chromium min- 
eral information. The Bureau conducts min- 
ing research to improve chromium mineral 
extraction technology, and mineral and ma- 
terial research to improve chromium min- 
eral processing, use, and disposal tech- 
nology.” 

The Bureau of Mines conducted resource 
identification and beneficiation studies as 
part of its domestic mineral assessment 
program. The Bureau surveyed black sand 
deposits on the Pacific coast;!* 2.5% chromic 
oxide was found at the Uba Goldfield, one of 


three areas surveyed. The Bureau evalu- 
ated the chromium mineral development 
potential of the Chugach National Forest, 
south-central Alaska.'* The chromium min- 
eral development potential was found to be 
low. The Bureau investigated chromite oc- 
currences in the Kaiyuh Hills area of west- 
central Alaska," analyzing 32 samples from 
4 chromite deposits in the area. The Bureau 
reported field reconnaissance results for 
chromium at Mount Hurst Ultramafics, 
west-central Alaska. Geologic conditions, 
samples, and current infrastructure suggest 
economic chromite mining of the area to be 
unlikely. The Bureau upgraded high-iron 
domestic chromite concentrate to high- 
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chromium concentrate by a laboratory 
carbonyl process.'* Chromium-to-iron ratios 
were increased from 1.6:1 to 3:1 by convert- 
ing iron oxides to iron pentacarbonyl and 
removing it in a carbon monoxide flow. 

The Bureau studied stainless steel pick- 
ling solutions, dichromate etching solution, 
and superalloy and stainless steel scrap as 
part of its resource recovery program, and 
studied chromium-bearing slags for the pur- 
pose of preventing chromium leaching. The 
pickling of stainless steel was reviewed. 
After annealing, stainless steel is pickled in 
a mixed acid. Pickling removes annealing 
scale and a thin surface oxide layer. A 
better understanding of the pickling process 
could lead to more efficient pickling; to 
roduced acid consumption, metal loss to the 
pickling bath, and pickling process time. 
Chromium and acid recovery processes 
were reviewed.'* A Bureau waste chromic 
acid regeneration process was evaluated.!? 
The electrolyte membrane cell technology 
was applied to the regeneration of alumi- 
num surface preparation acids. The regen- 
eration system performed successfully. 

The Bureau developed a low-cost method 
to identify and sort stainless steel and 
superalloy scrap.” The method uses a ther- 
moelectric instrument to sort into four cate- 
gories. The contents of those categories are 
then further sorted using a hand-held opti- 
cal emission spectroscope. This sequence 
can be repeated to segregate scrap by alloy 
classes. The Bureau also developed a quick 
economical process to dissolve superalloy 
scrap.?! This process may remove a major 
obstacle to the recovery of chromium from 
superalloy scrap. The Bureau studied chro- 
mium leach rates of stainless steel and 
other alloy slags subject to acid precipita- 
tion conditions.? Conditions for maximum 
chromium leachability were established 
and methods to change those conditions 
were identified. 

The Bureau of Mines has studied the 
potential for reducing the chromium con- 
tent of stainless and alloy steels as part of 
its chromium substitution program. Alumi- 
num and silicon were studied as partial 
substitutes for chromium in type 304 stain- 
less steel.» These substitutes are used to 
retain oxidation resistance and fabrication 
properties. Specific chemical formulations 
were selected and tested for oxidation re- 
sistance, stress rupture, and tensil proper- 
ties. Silicon was found to have potential as a 
partial substitute for chromium in stainless 
steel used for heat-resisting applications. 
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Molybdenum, copper, and vanadium were 
studied as partial substitutes for chromium 
in type 304 stainless steel.* These substi- 
tutes are used to retain corrosion resist- 
ance. Specific chemical formulations were 
developed and tested. Two were found to be 
comparable to type 304 stainless steel with 
respect to welding properties, tensil proper- 
ties, and corrosion resistance. The Bureau 
Studied specially strengthened, low-chro- 
mium steel as a potential substitute for type 
304 stainless steel used in heat-resisting 
applications. The specially strengthened 
alloy had stress rupture properties similar 
to type 304 stainless steel. However, this 
alloy possessed brittleness during stress 
rupture and tensil testing, and it had higher 
than expected oxidation rates. The Bureau 
also studied nitriding of alloy and stainless 
steels as a potential method for reducing 
chromium content in steels while retaining 
or improving corrosion resistance. The 
method of nitriding and the corrosion envi- 
ronment affected corrosion rates signifi- 
cantly. In addition, various chromium sub- 
stitution options were assessed." It was 
found that chromium substitutes useful for 
room temperature corrosion resistance 
were of little use for high-temperature oxi- 
dation resistance application and vice versa. 

The National Bureau of Standards (NBS) 
patented and made available for leasing a 
process for electroplating nickel-chromium 
alloys on carbon steel, aluminum, and other 
cathodic substrates. NBS reported thick 
adherent coatings of controllable chromium 
content between 0.1 and 60 weight percent. 
The coatings are produced by pulsed cur- 
rent deposition from electrolyte containing 
trivalent chromium salt. 

The U.S. Department of Energy studied 
black chromium coatings for industrial so- 
lar collectors.” A comparison of experimen- 
tal data and theoretical calculations have 
led to the selection of a model for optical 
reflectance calculation. 

The National Aeronautics and Space Ad- 
ministration licensed its iron-chromium 
battery technology to the Standard Oil Co. 
of Ohio. The battery’s chemical reactions 
occur in solution, so it is possible to store 
charged reactants outside of the reaction 
cell. The battery uses iron chloride and 
chromium chloride dissolved in hydrochlo- 
ric acid to make 1.15-volt cells. At a chromi- 
um consumption rate of 15 pounds per 
kilowatt, a 10-kilowatt prototype battery 
would require 150 pounds of chromium. 
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The U.S. Department of Defense studied 
chromium plating and the heat treatment 
of chromium-plated steel. The U.S. Army 
studied erosion of chromium-coated steel. 
The erosion resistance of chromium coat- 
ings under the conditions studied was found 
to depend on the substrate material. The 
Army also reviewed chromium erosion and 
its control in large caliber weapons. Such 
erosion was found to be generally attributed 
to bore temperature and thermal, chemical, 
and mechanical effects. The Army studied 
the effects of heat treatment on chromium- 
plated steel. 

Some processes associated with ferrochro- 
mium production are fine ore agglomera- 
tion, melting, slag chemistry, and the bene- 
ficiation of chromite by prereduction of iron 
followed by leaching. Plasma processing 
was found to offer many advantages in the 
electrical power-intensive ferrochromium 
production process. Site specific cost analy- 
ses were found to be necessary to determine 
plasma melting utility, with electric power 
playing a significant role. The Republic of 
South Africa was identified as the leading 
plasma technology user for ferroalloy pro- 
duction with a capacity of over "0 mega- 
watts.32 The South African Council for Min- 
eral Technology described the installation 
of its 100-kVeA plasma furnaces.: The 
U.S.S.R. studied the potential for smelting 
from natural ores.** Typically, a smelter is 
designed to recover one component of an ore 
with secondary recovery of remaining com- 
ponents. An alloyed pig iron for production 
of alloy cast iron was produced while 
conserving the natural components of ore. 

A copper-chromium alloy was developed 


using unconventional production tech- 


niques. The development of chromium use 
in iron-based alloys was primarily in types 
409 and 3CR12 steels. The use of chromium 
resulted from savings owing to reduced 
corrosion and oxidation over that of alloy or 
carbon steel. Improved fabrication charac- 
teristics of type 409 has extended its use. 
The toughness and weldability of type 
3CR12 improved over previous 12% chromi- 
um steels resulting in expanded potential 
for use of this material in structural plates. 

Canada developed a chromic acid recov- 
ery system for chromium plating processes. 
Chromic acid recovery was accomplished 
via a closed loop system using filtration and 
ion exchange beds. Japan reported develop- 
ment of a steel pickling acid recovery sys- 
tem. 

Israel identified the azolla plant, a water 
plant indigenous to the Far East, Africa, 
and Asia, as an effective biological filter for 
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chromium. Two processes using azolla were 
developed; one uses it as a filter, the other 
grows it in industrial sewage ponds. Along 
somewhat related lines, General Electric 
Co. developed a continuous process to ex- 
tract chromium from waste water using 
hollow fiber technology. 

Water insoluble chromates (lead and bari- 
um chromate) were found to produce no 
significant incidence of lung cancer, while 
water soluble chromates (strontium, calci- 
um, and zinc chromate) exerted carcino- 
genic effects under the test conditions.*5 


lI Physical scientist, Division of Ferrous Metals. 
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Clays 


By Sarkis G. Ampian! 


Total quantity of clays sold or used by 
domestic producers increased 8% in ton- 
nage and 11% in value. Clays in 1 or more 
of 6 classification categories, ball clay, ben- 
tonite, common clay and shale, fire clay, 
fuller's earth, or kaolin, were produced in 
44 States and Puerto Rico during 1984. Clay 
production, as in 1983, was not reported in 
Alaska, Delaware, the District of Columbia, 
Hawaii, Rhode Island, Vermont, or Wiscon- 
sin. The leading seven States, in descending 
order, were Georgia, Texas, Mississippi, 
Wyoming, North Carolina, California, and 
Alabama. Continued unpredictable short- 
ages of natural gas and the cost of fuels 
were still major concerns to clay producers 
and manufacturers. Industrywide, efforts, 
again, to both economize and to obtain 
standby fuels persisted. Environmental re- 
strictions and associated costs, combined 
with persistent high capital costs, continued 
to hinder production. 


Production of common clay and shale 
increased because of an upturn in construc- 
tion, due in part to the softening of interest 
rates and improving business climate, that 
increased demand for clay building materi- 
als—brick, portland cement, floor and wall 
tile, and vitrified sewer pipe. Increases in 
production of the specialty clays, ball clay, 
bentonite, fire clay, and kaolin, were caused 
largely by an improvement in the overall 
economy. Production of fuller's earth de- 
creased 


Kaolin accounted for 18% of the clay 
production but 61% of clay value. 

Domestic Data Coverage.—Domestic pro- 
duction data for clays are developed by the 
Bureau of Mines from one voluntary survey 
of U.S. operations. Of the 1,167 operations 
covered by the survey, 1,097 responded, 
representing 94% of the total clay and shale 
production sold or used shown in table 1. 


Table 1.—Salient U.S. clays and clay products statistics! 
(Thousand short tons and thousand dollars) 


1980 1981 1982 1983 1984 
Domestic ready sold or used by producers: 
quantity 7 8 48,790 44, 379 35, 345 40,858 44,236 
(pp wm oe 8 $898,947 $988,845 $825,064 $931,092 $1,037,233 
Exports:? 
1 a aan me E 3,214 3,151 2,619 2,484 2,699 
U C P E E E 5m. 7 $263,147 $292,914 $267, 700 $254,237 $295,733 
Imports für consumption:* 
^1» AREE 84 33 24 21 32 
/// OE ee $6,688 $1,895 $4,514 $3,488 $4,868 
Clay refractories shipments? Value $551,386 i $559,655 $595,299 $782,308 
Clay construction products shipments:? Value $1,061,507 $971,824 $923,459 $1,160,543 $1,842,196 


1Excludes Puerto Rico. 
2U.S. Department of Commerce. 


235 


236 MINERALS YEARBOOK, 1984 


Table 2.—Clays sold or used by producers in the United States in 1984, by State! 
(Short tons unless otherwise specified) 


ieri i , 
| Ball Ben- Fire Fuller's ; Total 
State clay tonite nd rp AM clay earth Kaolin Total value 
Alabama i od W 1,528,078 144,267 m 238,520 71,905,860 3$30,499,956 
Arizona NN 20,494 117,184 c EUR 187,628 818,598 
Arkansas = ao 933,420 nhe = 85,898 1,019,318 7,888,122 
California 246 94,543 1,945,840 W E 59,705 22, 100, 334 223, 868,369 
Colorado PN 150 298,347 14,795 oe M 308,292 2,111,009 
Connecticut ES s 99,078 PAN as E i 564,620 
Florida _______ um Ks 219,947 — 459,502 33,004 112,453 84,048,157 
Georgia ees -- 1,601,268 _. 569,083 6,508,319 8,678,670 600,029,223 
Idao tn W -— W 2a 1,464 3 31,464 243,429 
Illinois M Lt 253,881 = W "T *253,381 966 
Indiana hes Lc 653,135 W NPIN TM 3653,1 32,085,427 
Iowa a 623,169 MOX = NES 623,169 2,694,651 
55 TM 20,000 897,722 RE " HR 917,122 5,586,598 
Kentucky W 661,644 W TER RN 802 7,277,490 
Louisiana mE 1,619 pte € mm NM 541,161 210,858,378 
Maryland W M 846,963 — — p 5346,963 1,483, 
Massachusetts Eu e 239,929 E Gi S 239,929 1,211,614 
Michigan ae — 1,820,774 E BSA ae 1 320, 774 5,051, 586 
Minnesota Ed m W TN NN W W W 
Mississippi W 207,553 1,870,988 er W E 2,397,660 30,565,340 
Missouri EN -—- 1,079,094 427,681 W 68,137 41,574,912 414, 665, 696 
Montana s 880,561 16,422 "m eS ic 896,983 15,260,001 
Nebraska TA AM 179,946 e "e f 179,946 555, 
Nevada NS 20,092 ct M W W 4 620,092 4 67 191,011 
New Hampshire E PE W ES e X W W 
New qers ey NS es 50,000 12,018 e m 62,018 611,000 
New Mexico a ae 64,784 1,813 "m cy 66,597 143,306 
New Vork W ES 543,868 ix: MT Ped 5543,368 $2,434,116 
North Carolina a -— 2,280,684 aie ae 46,787 2, 327, 421 8, 986,641 
North Dakota "un 8 W ue = W W 
Ohio E -- 1,656,686 308,327 Si NS 1,960,013 10,472,960 
Oklahoma p MM 979,291 S Ze te 979 2,498,178 
n: MN Lr. 189,167 inr = E 189,167 288, 
Pennsylvania Eun EN 902,448 60,507 PN W $962,955 64,050, 275 
Puerto Rico -— E 127,966 T nM a 1 ; 
South Carolina SER _— 1,057,061 En W 176,567 ‘1 833, 628 *96,809,446 
South Dakota n W 119,149 2a ae zd 119,149 343,149 
Tennesse 606,870 W 560,278 W =~ 1,266,785 30,207,029 
Texas 24,515 62,846 3, 406, 593 24,251 W W 3,593,812 23,050,952 
Uta 2a 3, 10,439 411 W SA 914,844 
Virginia TM He : MES 24,000 B 711,968 6,008,785 
Washington TNR ER 285,961 6,000 e - 291,961 31,646,120 
West Virginia ON 283,328 98,064 e NOR 381,392 8,409, 
Wyoming _. 2,183,706 213,350 PUN aes A 2,397,056 61,290,102 
Undistri ibuted___ 227,942 53,3417 115,492 51,840 846, 560 184,268 7893 946 737,269,564 
Totaal 859,573 3, 154,464 29,353,147 1,144,974 1,899,145 7,952,669 44.363, 972 1, 037, 499, 887 
W Withheld to avoid disclosing company 8 data; included with “Undistributed.”’ 
1Includes Puerto Rico. 
3Excludes bentonite. 
SExcludes fire clay. 
*Excludes fuller’s earth. 
5Excludes ball clay. 
*Excludes kaolin. 


T[ncomplete total; difference included with individual State totals. 
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Table 3.—Number of mines from which producers sold or used clays in the United States 


in 1984, by State! 
Common 
State Ballclay Bentonite an] Fire ela) Fullers Kaolin Total 
shale 
Alabama ________________ mae 1 25 6 c 11 43 
Arizona _________________ uS 4 5 E ES MA 9 
Arkansas £4 s 18 Ep sinks 3 21 
California 1 5 56 1 dc 5 68 
Colorado ________________ ye 14 29 8 ee MR 51 
Connecticut ______________ n A 2 EL E -— 2 
Florida c. S 3 PES 4 1 8 
Georgia "e" xm 18 =o 10 83 111 
Ida xt 1 2 1 ee 1 5 
Hines "e Zo 9 px 2 roS 11 
Indiana ER m 20 2 xk 2a 22 
e N E EEE = OR 11 EOM P us 11 
DERE MEE DE EN 1 21 o Mh "or 22 
Kentucky ---------------- 6 ae 11 2 M m 19 
Louisiana________________ =: 1 8 i P M 9 
Ill; aes E 4 AS Eu M 4 
Maryland... 1 EDS 7 Lm Exe ees 8 
Massachusetts ju "A 3 HY x d 3 
Michigan ____§____________ Ee ze 7 "T PN * 7 
Minnesota _______________ n EN 1 a mee 1 2 
Mississippi: 1 4 23 Lx 2 Er 30 
issourl. ________________ en ae 11 2 1 68 
Montana ________________ t 16 5 m zs Se 21 
Nebraska _______________- 8 us 5 x eee M 5 
Nevada ws 6 — et 1 2 9 
New Hampshire Sea PERA 1 [m CM E 1 
New Jersey_____~________ _ e i 2 1 es E 3 
New Mexiſo "ES » 4 2 me T 6 
New York_______________~_ 1 ae 11 -— E m 12 
North Carolina curd ess 51 x cs 2 53 
North Dakota |... "e an 3 A S 2a 3 
Ta RAEE E ATE E RM m MAE 52 15 Sex aes 67 
Oklahoma ______________~- FEN E 16 ee oC =a 16 
Hi nens eM gre a mM m 6 Eier AM ao 6 
Pennsylvania ... M SP 35 20 =e 1 56 
Puerto Rico___~____________ es DM 2 x ms at 2 
South Carolina... STE Lr 26 eu 1 19 46 
South Dakota 8 1 1 Da OS = 2 
Tennesse 23 = 10 e 1 NA 34 
Tokai 6 a ur Let sk ee 1 10 64 2 2 1 80 
e ee e. — — 2 15 1 1 zd 19 
Virginia_ ---------------——- 3 ma 14 sive 1 sate 15 
Washing toon MN tm 9 2 RN xs 11 
West Virginia _____________ = 22 3 1 s a: 4 
Wyoming ---------------- x 87 2 m " — 89 
Totaaalll 34 153 631 118 27 131 1,094 


Includes both active and idle operations. 


DOMESTIC PRODUCTION, PRICES, AND FOREIGN TRADE, BY TYPE OF CLAY 


KAOLIN 


Domestic production of kaolin increased 
1096 to nearly 8.0 million short tons. The 
average unit value of all grades of kaolin 
decreased 2% to $79.77 per ton. Kaolin was 
produced in 13 States. Two States, Georgia 
and South Carolina, again accounted for 
92% of total production. Alabama ranked 
third, and Arkansas, fourth. Output in all 
States, except for Arkansas, Idaho, and 
Missouri, increased. Kaolin producers re- 
ported major end uses for their clay as 
follows: paper coating, 31%; paper filling, 
12%; refractories, 5%; chemicals, common 
and face brick, rubber, and fiberglass and 
other insulation, 4% each; and catalysts, 


3%. 

Kaolin is defined as a white, claylike 
material approximating the mineral kaolin- 
ite. It has a specific gravity of 2.6 and a 
fusion point of 1,785° C. The other kaolin- 
group minerals, such as halloysite and 
dickite, are encompassed. 

Kaolin production was buoyed by the 
continued growth of the economy, particu- 
larly in the record high level of paper 
production. Capacity increases in both 
water-washed and calcined grades that oc- 
curred during the early 1980’s continued to 
cause some downward pressure on prices 
because of the remaining overhang. No 
price increases, except for certain calcined 
grades, have been advanced for the past 4 
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years, causing lower profit margins for the 
producers. Kaolin sales for refractory use 
increased slightly. The refractory industry 
was still undergoing long-range modifica- 
tions brought about by changes in technolo- 
gy and imports. The trend from lower quali- 
ty fire clays to higher alumina refractories, 
such as made from kaolin, should bode well 
for the kaolin producers. Production of 
paper-grade kaolins, low-temperature cal- 
cined, water-washed, and delaminated, in- 
creased 15%, 7%, and 6%, respectively. 

All Georgia water-washed kaolin produc- 
ers and South Carolina air-float producers 
continued to modernize, instead of expand- 
ing, to reduce drying and other energy or 
nonenergy related costs. Particular empha- 
sis continued to be placed on heat recovery, 
improved filtration, and increased high- 
solids slurry shipments. Notable exceptions 
to the above were the activities of J. M. 
Huber Corp. Engelhard Corp.'s Specialty 
Chemicals Div., and Anglo-American Clays 
Corp. Huber's Clay Div. announced the 
opening of a large, new calcined clay-proc- 
essing facility in Huber, GA. The new pro- 
duction facility will provide an additional 
40,000 tons per year of paper-, plastic-, and 
paint-grade clays. Engelhard announced 
multimillion-dollar expansion projects for 
its calcined paper grades at McIntyre, GA, 
and at its catalyst plant in Attapulgus, GA. 
Both expansions were scheduled for comple- 
tion in 1985. Anglo-American, in another 
calcined clay project, began installing a new 
$8 million calciner and ancilliary equip- 
ment at its Sandersville, GA, operation. 

In a major kaolin acquisition, Engelhard 
agreed in principle to purchase Freeport 
Kaolin Co. from Freeport-McMoRan Inc. for 
$100 million. Engelhard, with kaolin oper- 
ations at Sandersville, Irwinton, McIntyre, 
and Gardner (all in Georgia) will be joined 
by Freeport’s Georgia operations at Sand- 
ersville and Gordon. In another acquisi- 
tion, United Catalysts Inc. of Louisville, 
KY, bought the kaolin mining and process- 
ing facilities of the Albion Kaolin Co. at 
Hephzibah, GA, from McDermott Corp.'s 
Babcock and Wilcox Inc. of Augusta, GA. 
Albion planned to expand its new facilities 
and diversify its product line to include both 
air-floated and water-washed clays. Sud- 
Chemie AG of Munich, Federal Republic of 
Germany, a major shareholder in United 
Catalysts, also produces clay products and 
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catalysts. Another acquisition showed 
Union Carbide Corp. purchasing Katalistiks 
International BV of the Netherlands for 
over $100 million. The previous owners of 
Katalistiks were English China Clays PLC 
(ECC) in the United Kingdom, EKA in 
Sweden, and CRI International Inc. in Balti- 
more, MD. Katalistiks manufactures a 
fluid-cracking catalyst for crude oil from 
Georgia kaolin at its 50,000-ton-per-year 
plant in Savannah, GA. 

A comprehensive economic study on the 
contribution of the Georgia kaolin industry 
to the State’s economy was published.? This 
work, prepared by an independent consult- 
ant, provides a rare opportunity for the 
public to receive information about an in- 
dustry and its economic impact on individu- 
al counties and a State, in particular. 

Exports of kaolin, as reported by the U S. 
Department of Commerce, increased 6% to 
1.4 million tons valued at $170 million, 
despite a strong U.S. dollar. Kaolin, includ- 
ing calcined material, was exported to 68 
countries. The major recipients were Japan, 
33%; Canada, 19%; the Netherlands, 13%; 
Italy, 8%; and Mexico, 6%. Kaolin produc- 
ers reported end uses for their exports as 
follows: paper coating, 65%; paper filling, 
15%; refractories, 10%; rubber, 3%; paint, 
2%; and other, including ceramics and plas- 
tics, the remaining 5%. 

Kaolin imports increased 43% to 10,700 
tons valued at $838,000. The United King- 
dom supplied 95%. The unit price of kaolin 
imported from the United Kingdom de- 
creased 21% to $77.68. 

Kaolin prices quoted in the trade journals 
remained unchanged. Chemical Marketing 
Reporter, December 31, 1984, quoted prices 
as follows: 


Water-washed, fully calcined, bags, 


carload lots, f.o.b. 5 per ton - $255.00 


Pape e, uncalcined 
load lots, f.o.b. 5 
No. 1 coating 94.00 
No. 2 coating 75.00 
No. 3 coating 73.00 
No. 4 coating 70.00 
Filler, ponera purpose, same basis, TR 
atad, water-washed, uncal- 
eined. paint- grade, l- micrometer 
average, same basis, per ton_ _ _ _ _ 182.00 
yi a m -floated, soft, same 3900 


N ations af Formul ‘ 12 8 color 
dal, bacteria controlled, 50: 
bags, 5,000-pound lots, per Les " .24 
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Table 4.—Kaolin sold or used by producers in the United States, by State 


1983 
State 
Short tons Value 

Alabama - - - -=--> 101,269 $8,673,861 
Anon enaa y E (3) (1) 
Arkonii ea 0 j“³ hl get ec ee e CL Le eA 109,476 8,393,582 
lier... ee es 8 44,367 1,163,999 
/õõĩõĩe dd ⁰ CQ cO iR 28,943 2,165,080 
DGeorgil d usc es a 5,885,746 523, 406,722 
Ih ³o- W W 
III ðW;0• ͤ d RE a 103,118 2,652,195 
North Carolin kk W W 
South Carolina 742, 178 31,409,140 
Other mem 187,606 6,887,309 

ü ow LL EL 7,202,704 584, 751, 888 


W Withheld to avoid disclosing company proprietary data; included with Other.“ 


!Less than 1/2 unit. 


Ancludes Minnesota, Nevada, Pennsylvania, Tennessee (1983), Texas, and data indicated by symbol W. 


Table 5.—Kaolin sold or used by producers in the United States, by kind 


1983 


Kind 

Short tons 

a, e icu ee LII IL. 965,055 
Calüned' ͥ²⅛⁰ QA ͥ ⁰ A te eo 1, 006, 616 
Delaminated _________~______________ 122,128 
Unprocessed. ~~ 5 2222222222 22a 843,071 
Water-washed 7j VEN Bias AR EEEE y y 3, 665, 834 
Total e en eo T 7,202, 704 


Value 


$54,678,774 
188,276,614 
68,527,254 
11,710,948 
311,558,298 


584,751,888 


Includes both low-temperature filler and high-temperature refractory grades. 
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1984 
Short tons Value 
238,520 6818, 631, 800 
85, 898 5,681,092 
59,705 1, 838, 393 
33,004 2,438,372 
6,508,319 562, 696, 174 
1,464 
68,137 1,946,674 
46,787 1,075,548 
776,567 33, 404, 087 
134,268 6,614,390 
7,952,669 634,387,130 
1984 
Short tons Value 
1,153,291 $62,401,704 
1,204,117 157,909,403 
764, 566 72, 529, 476 
891,645 16,734, 107 
3, 939, 050 324, 819, 440 
7,952,669 634, 387,130 


Table 6.—Calcined kaolin sold or used by producers in the United States, by State 


High-temperature 
State Short tons Value 
1983 
Georgia and Alabama _____________~_______~_-_ 423,682 $40,677,908 
|) IRR TEENS 0 ³AAAAAAͥ a rs OS 289 541 27,861,746 
J/öÜ˙³⁵ð•.wm. t E ⁰⁰0; ate eet EU 513,223 48,539,654 
1984 
Georgia and Alabama ____________________-_-_ 578,520 40,976,800 
Other. d ee 258,255 25,020,187 
1 eie eerie ee E eal C e T. 636,775 45,996,987 
1Excludes Alabama. 


Ancludes Arkansas, California, and Idaho. 
Includes Pennsylvania, South Carolina, and Texas. 


Low-temperature 
Short tons Value 
3448,143 186,765, 361 
345,250 32,911,599 
493,393 89,736,960 
1510,372  1107,065,496 
356,970 34,846,920 
567,342  111,912,416 


Table 7.—Georgia kaolin sold or used by producers, by kind 


1983 


Kind 

Short tons 

AIPTIOBU tear irc 395,422 
/!(ſ/ ³ . ele euni Peer gl 110,556 
Delaminated ___________________________ occ 122,128 
ohhh 360,942 
Water-washed ddl 3, 636, 698 
Total «uA GEI 5,885,746 


Value 


$21,359,864 
118,769,408 


4,699,555 
310, 050, 641 


523,406,722 


Short tons 


591,869 
850,372 
164,566 
395,094 
3,906,418 


6,508,319 


1984 


! Includes both low-temperature filler and high-temperature refractory grades. 
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Table 9.—South Carolina kaolin sold or used by producers, by kind 


1988 1984 


Kind —— ————————— 

Short tons Value Short tons Value 
AA ³ðV¹ %ð—â Se bi See E 510,189 $29,976,858 530,208 332, 188,917 
Unprocessed _ — - - - -- -- -- -- --—-------- -=-= =-=- 231,989 1,432,282 246,359 1,215, 170 
G;˙öÜ·¹ A RA eS Se FFF 742,178 31, 409, 140 776,567 33,404,087 


Includes water-washed. 


Table 10.—South Carolina kaolin sold or used by producers, by kind and use 


(Short tons) 
Kind and use 1983 1984 
Air-float:! 

PCC OG 4 oue ³o· n ³ĩð 17, 693 16,751 
Animal feed and pet waste absorbent „ 1.269 6,844 
CBT llic RNC RUE ROREM TH 5,453 5,843 
Fertilizers and pesticides and related produetsg- - - - - -- - -- -- --------- 21,281 19,800 
4L. an a x 100, 82,149 

Paint, JJõͤĩ?g ð e ꝰð e ꝗꝰ ¶ ᷑ ↄæ mmmmsm r 8 1,671 
Paper coating and fillinBnʒꝭUU———⁵mb ww wwçwçpçñ1æ; ꝛ 2,980 1.488 
Plastics i ⁰³˙Ü:]y r ð als eee ae el i E 14.804 12.351 
Pf en ͥ⁰ (ya ⁰ d k y 8 196,452 204,621 
Other refractoriee ds 4,157 9,318 
CFC ag a sop ˙mʒ yk my 88 106,914 108,514 
öôõͤĩ˙ nf ⁰dt yd t y 8 37,416 62, 658 
Total ultus ULL dd ⅛ð e E LE 510,189 530,208 
Unprocessed: Face brick and uses not specified ——--—-------------------——-—— 231,989 246,359 
/h ³˙ ii ³ V CDL Eee id etd Lei 742,178 776, 567 


Includes water-washed. 
2Includes floor and wall tile, pottery, and roofing granules. 


Md refractory grogs and calcines; refractory mortar and cement; high-alumina refractories; and firebrick, blocks 
and s 


‘Includes animal oil, catalysts (oil-refining), chemical manufacturing, ink, medical, sewer pipe, and uses not specified. 
"Includes ceramics, adhesives, paper filling, pesticides and related products, and rubber. 


243 


CLAYS 


'e[q93 jo pus q 8930u300j og 
LZZ‘969 126 ü  — OcV'eSe'l — 0S88'LLOTI 9098669 —— Te8'828'8 Les egg 0000000 [eL 
S0c'eTI £1109 181˙91 198'98 988°ZST,  990°LL 98 „„ rr... . . EAE snoave os 
M M I M M M p a RP ß Sursee pue Sujoo1d1936 M 
798.181 1g 16811 216.601 129.54 88 See ly 205 NM .. ee ye orem Arey UBS 
694 56 68199 ae 00 6 680'612 887.99 "E Dro E ide PsC ß ñ VI OAM an 
ESE E a 898 028.1 0001 T ) OR RI ee e[n [e1n3ona3s pue Suyooy 
055. e esty vá 886.61 15791 p 9T£') )))) c en RENE UNI QUPD KM se[nue18 Sutjooy 
626.9 SILT 669 892,7 686 81 8S9 669 ZI m en RD Ae K1ejjod 
116.82 09177 pA ISL VT 095.59 511.68 T 9pegpe c ß ee sonsejd 
185.20 885.2 OSL‘TE 910.8 BLO'LI 88.1 III. 6„ nl 8 sjonpod pejs[a1 pue səppysəd 
ILL 'Y86 661/668 = 716.06 6180001 210,186, sgot OSG . Bury 1eded 
gs, s Sri. — ^ 128.8 899 188% 299,88 ? J 8 Burjeoo 1eded 
800.05? SLY PIZ 658 619.51 109.881 SPLOST £06 9099. ee IE 8 jured 
BET'E 568,1 = Vel 519.8 M p JJ a 9rjeursoo ‘TeoyneowuLEYd 'eorpep 
860'12 000°L pad 860.51 269.8 ps Rn 77% Ai Re e[n 3eudse pue umeourT 
V69'LY Hs c80'08 £99'L1 680'S8 000°2 SG8'gc 7 “hh. jueurep pus 18310ur £103981jo1 pue a1n31uJnj unn 
M M s M M ui BR JJ! y y ec TA xu] 
258.81 682 652.2 588.8 SLT 21 589 81 I Re Ree ae ha etnies paeoqj[eA pue syonpod umnsdAs) 
876 le D Z90°LIF 988'F 885 666 P 669 5. By e ꝗ “ K103261j81 ‘SAUBI pure 8809 
O16 I} T 698, 989 S89 ss ) 8 pues A1puno 
818.79 E 818. L7 000.02 S818 oll a. 792.18 poses DIT serj[eroeds pue youq eurum[e-qu2rq :sSurur nja 
L6 68 —— 028.2 14.08 890.68 5168 968.5 982.n “aureus 'ese[3 *soze[3 orure1eo ‘Ofl II PUB 100] 4 
1.21 = 859. 718. 128.21 pa 006.01 J y DAMEN M HOMME soduys pue syoo[q Non 
90F. 58 Orel 668˙1 791. 18 838.5 998 668.1 , . i ee o1eA1ouurp pus BUTY Suff 
18,816 109'99 PLIZIZ Voc 9S6 88G'T9 LY TI 2/472 EN uorjepnsut 19470 PUG [OOM peIəuu :e e 
985 51 986 pa 008,11 578 91 818˙5 910.9 IL . ee e ere 
148˙95 ps pui 14892 71 998 €92'L , . ce eae ee ed ure[oo10d poupo 
M A Ax M M ae M RN c ee e ee SIBMUSY}IBS 19430 pue K19x20J7) 
913.381 958.1 Obe hel 8 702.95 e" LOS'9F jj I uti M E -puepnod *3ueura]) 
— 798911 000.05 66l. 511 981.952 268811 I. PEE — b co Ed Eur EN (Sutuja-eu8 pue io) 848A18780 
899,758 m 43 1t: 215.3 616.308 d 022 906 )))!ͥͤãͤ REN CHOR RD RO RM RR 998 pue uouruioo ‘Pug 
186 1 989.9 . 198˙9 021.9 299. 25e OC ee ee pooj [eurtuy 
170.808 559.01 265 L pe 198.898 281. 928°6Z8 816˙—v EN s[eorureqo 19q3o pue gn urnurumn[y 
OF0'£6 661/99 = 108 9e TC 196 LG zum FORBES . . TION SeAISOQp V 
i οẽ.-o 
— ——— ʒ———ẽ —ͤ —.— ñ—̃—— —œͤↄä . — — — 
pouseA posso z poysem posse ! 
mL “1938 M -o01du n oh- mL s 1939 idu n o- an 
7861 8861 


(8uo3 71048) 
sn Aq ‘8378IS PINUN IYI ur szoonpoad Aq posn 10 pjos ufo II ABL 


MINERALS YEARBOOK, 1984 


244 


‘sasn orjroeds 10} S840} YIM pepn[ourt 1epureuiaJ :[6303 e1e[duroou, 

'Seuo[nur PUB s1auorjrpuoo [108 ssp. 

'pejeururejop pue pourre &1n381edureg-Ao[ sepnjour, 

pourre a&1n381edure3-u3rq sepnpoug, 

_ Snoeuvqqoosr,, YIM pepnpour *ejep &rejeridoud Kueduroo Surso[osrp proAe 03 PEN M 


699'ZS6'L 896'0L2'S 02r Sce'l I6c esr T 50. 50˙L 998 188˙5 Pec 998 I G0000G.. . eee [9303 pus 


erb — TEO'08C'I 000 71 117˙9˙ 661018 1 509˙200 1 L901 e . . ee oL 
— e ——— 

959.85 eL 06 E V L8'86 799,8 868'L nc yd lc Iu P I nae iA d mou 
884.85 885 gu 896'LY OLE‘9E 202 p ,, ͥ . . ECON KE CN zeqqny 
966 76 S86 Có p 1e 911.42 911.12 ET e E Un E E od 
819.718 eve LIS a ILE 886.201 526.901 a CMM E ne IMMUNE Surly 1eded 
II. Ire Ib. Ire vis a 801.288 699,058 pe egie a ee ee eee i Burjeoo dad 
909.88 085 88 x 9el 99486 80565 RS 12 NN cia AMONG VUL URDU NND RU 5 jured 
000.971 pe 000'GPT es 12€ 911 Kn 281901 088 /— 44 solo I 1970 :seuro[eo pue 83013 ‘puss hung 
1G6'6 ag d 199˙8 yy 686 Bi , .. . Ee uS sorur 


(suoſ 0 
panurjuog— osn fq ‘s238)g PUN om ur s1oonpoad Aq posn 10 pios uf, II AUL 


CLAYS 


o. 


KAOLIN, thousand short tons 


1967 1969 1971 1973 


LET O9905532 
| pz in "am PS 
2 


245 


t 
Iv 


s" "v" 


1983 


1975 1977 1979 1981 1985 


Figure 1.—Kaolin sold or used by domestic producers for specified uses. 


BALL CLAY 


Reported production of domestic ball clay 
increased 15% to nearly 860,000 tons valued 
at $31 million. Tennessee provided 71% of 
the Nation's output, followed, in order of 
production, by Kentucky, Mississippi, Tex- 
as, and Maryland? Production either in- 
creased or remained unchanged in all 
States. The principal ball clay markets 
continued to be ceramics, chiefly dinner- 
ware, pottery, sanitary ware, and wall tile. 
Continued recovery of the construction in- 
dustry and the overall economy during the 
year again triggered impressive ball clay 
production gains. 

Ball clay is defined as a plastic, white- 
firing clay used principally for bonding in 
ceramic ware. The clay is of sedimentary 
origin and consists mainly of the clay min- 
erai kaolinite and sericite mica. 

Increased production capacities, modern- 


izations, and/or new plant construction 
again continued cautiously during the year. 
Ball clay producers were also cautiously 
increasing their capabilities to produce, 
store, and ship (mostly by rail slurry-tank- 
car) water-slurried ball clay for ceramics 
markets or adopting this capability. In a 
major expansion, H. C. Spinks Clay Co. 
completed two new storage silos for air- 
floated clays. The new silos were installed 
at Spinks' drying and grinding plant in 
Gleason, TN, to facilitate rail and truck 
shipments. 

The average unit value for ball clay 
reported by domestic producers increased 
slightly to $36.17. Chemical Marketing Re- 
porter, December 31, 1984, listed ball clay 
prices as follows: 


Domestic, air-floated, bags, carload lots, 


6— DOP VON Lisa quem aient inam niri aa $49.00 
Domestic, crushed, moisture-repellent, bulk 
carload lots, Tennessee, per ton 24.00 


246 MINERALS YEARBOOK, 1984 


Ball clay exports increased 13% to because of international financial difficul- 

165,000 tons valued at $6.5 million. Unit ties, and its exports are fabricated with U.S. 
value increased 19% to $39.37 per ton. and domestic clays. 
Shipments were made to 30 countries, or 6 Ball clay imports, again almost entirely 
more than in 1983. The major recipients from the United Kingdom, decreased 5096 
were Mexico, 58%, and Canada, 25%. The to 1,979 tons valued at $200,000. The unit 
large Mexican ceramic market continued to value of these imports increased 43% to 
be partially supplied by its domestic clay $101.06 per ton. 


Table 12.—Ball clay sold or used by producers in the United States, by State 


Sate Air-float Unprocessed Total 
Short tons Value Short tons Value Short tons Value 
1983 
Tennessee _______________ _ 1315,937 !$11,826,934 191,807 $5,128,676 507,744 $16,955,610 
Gh m 2226,140 28,917,738 312.927 327,931 239,067 9,245,669 
Ill!!! ee 542,077 20,744,672 204,734 5,456,607 746,811 26,201,279 
1984 
California E e 246 2,958 246 2,958 
Tennessee 406,287 15,656,579 1200, 583 15, 592,451 606,870 21. 249,030 
Teaas s 24,515 612,875 ae EN 24,515 612,875 
Othér s- soo ee :r 3215,186 28, 900, 320 312,156 3322,314 221,942 9,222,634 
Total rosca 645,988 25,169,774 213,585 5,917,123 859,573 31,087, 497 
Uncludes water-slurried. 


*Includes Kentucky, Maryland, Mississippi, and Texas (1983). 
Includes Kentucky, Maryland, Mississippi, and New York. 


Table 13.— Ball clay sold or used by producers in the United States, by use 


(Short tons) 
1983 1984 
Use ir- : : 
— EE a 
Adhesives _________~_______ 22222 L22- W -— W W fi 
Animal fed „„ W W 9,550 W W 9,116 
Crockery and other earthen ware W M W W DM 
Drilling mudgdgdſdl W dies W ir 
Electrical porcelain. — - - - - - -----------—-- 12,545 6,908 19,453 18,847 6,908 25,755 
Fiberglass and catalysts (oil-refining) - z W "x W W RN W 
Fine china and dinnerware _____ _________~— 34,779 os 34,779 35,355 = 35,355 
Firebrick, blocks and shapes W W W W W W 
Glazes, glass, enames 2,446 245 2,691 2,426 213 2,699 
Grogs and calcines, high-alumina, mortar and ce- 
ment, other refractories. _______________ 81,175 8,207 89,382 81,815 12,207 94,022 
Kiln furniture. __.__~_~________________ 1,786 "n 1,786 1,780 eam 1,780 
Paper coating and filling 11,329 NE 11,329 11,062 Ls 11,062 
Pesticides and related products. ____________ FN W W W a W 
OEY ³⁰¹àAàAA es ir 179,059 17,113 196,172 180,709 17.359 198, 068 
Rubber om ſ ⁰m. y i RE SE — W W W ME W 
5 G77ö§ê⁵¹9! )J eA e Lq 43,584 93,627 1372211 53,774 84,288 138,062 
e: 
Floor and wal“èL. di. 63,581 37,029 100,610 92,115 35,981 128, 096 
Other. s 8ʃ3é vel 1,607 1,607 E e" ce 
Miscellaneounuus - - - -- -- - - --- - —— 54,389 13,019 257,858 84,955 51,986  ?127,225 
ExXDOHB —. nunc c Ron 88 51,404 26,979 84,383 83,150 5,188 ; 
jor oes ee ee ee s 542,077 204,134 746,811 645,988 213,585 3859, 573 


W Withheld to avoid disclosing company proprietary data; included with Miscellaneous. 
Uncludes water-slurried. 
*Incomplete total; difference included in totals for specific uses. 
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FIRE CLAY 


Fire clay sold or used by domestic produc- 
ers increased 10% to 1.1 million tons valued 
at $21.1 million. Fire clay is defined as 
detrital material, either plastic or rocklike, 
containing low percentages of alkalies, iron 
oxide, lime, and magnesia to enable the 
material to withstand temperatures of 
1,500* C or higher. It is basically kaolinite 
but usually contains other materials such 
as ball clay, bauxite clay, diaspore, and 
shale. Fire clay commonly occurs as under- 
clay below coal seams and is generally used 
for refractories. Some fire clay was pre- 
viously reported in other end uses in this 
report. 

Industrywide expansions,  moderniza- 
tions, acquisitions, and/or mergers were 
kept to a minimum during the year. Most 
plants were again closed for part of the year 
or placed on minimal production schedules. 
The refractory clay industry has entered a 
period of low production, reflecting lower 
demand by major consumers—aluminum, 
cement, foundry, steel, and the structural 
clay industries. In addition, these industries 
were continuing to switch to higher alumi- 
na-based refractories, either direct-fired or 
specialties, which contain less fire clay. A 
notable exception to the industry retrench- 
ments was the A. P. Green Refractories 
Co.'s Mexico, MO, plans for an expansion 
project to add new production facilities to 
its Sulphur Springs, TX, plant. The enlarge- 
ment included a 40,000-square-foot addition 
to manufacture a line of clay-alumina 
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mortars, plastic refractory products, and 
high-alumina firebrick. In a final move to 
divest itself of its refractory holdings, Kai- 
ser Aluminum & Chemical Corp., Oakland, 
CA, announced plans to sell off its North 
American refractory operations to a compa- 
ny organized by the management of its 
Kaiser Refractories Div. and Kelso and Co., 
an investment banker. Kaiser Refractories 
has manufacturing, research, and adminis- 
trative facilities in California, Indiana, Mis- 
souri, Ohio, and Ontario, Canada. 

Fire clay production was reported from 
mines in 15 States. Six States, Missouri, 
Ohio, Alabama, West Virginia, Pennsylva- 
nia, and Texas, in order of volume, account- 
ed for 92% of the total domestic output. 
Production increased significantly in Ala- 
bama, Missouri, and Ohio and decreased 
significantly in Texas. 

Exports of fire clay increased 39% to 
229,000 tons valued at $17.3 million. The 
unit value of exported fire clay decreased 
7% to $15.59 per ton, indicating, despite 
larger percentages of higher quality materi- 
al shipped, increased worldwide competi- 
tion was depressing prices. Fire clay was 
exported to 31 countries, an increase of 9 
over that of 1983. Belgium-Luxembourg 
received 31%, while Mexico, Japan, and 
Canada received 18%, 16%, and 15%, re- 
spectively. No imports, as in the past, were 
reported for fire clay. 

Unit value for fire clay, reported by 


producers, ranged from $2.00 to $28.50 per 


ton. The average unit value increased 17% 
to $18.46 per ton. 


Table 14.—Fire clay sold or used by producers in the United States, by State! 


State 


Pennsylvania_____________________________ 
South Carolina 


— om c — coe ae cme am — cee Gee cee 2 coe — cee CVD SuD SF GED me ee A cee — ee eee ee 
— ewe ee wee we we eee ee ee ee ewe o eee — — — 


1983 1984 

Short tons Value Short tons Value 
137,232 $3,595,800 144,267 $3,488,675 
12,110 114,516 14,795 169,403 
167,461 1,912,388 W W 
310,675 5,479,963 427,681 8,540,260 
18 940 EE "S 
12,018 211,000 12,018 211,000 
2,251 20,282 1,813 11,080 
248,055 3,421, 330 303,327 5,004,394 
61,537 853,104 P 805,196 
18,302 303,083 ame i. 
43,508 281,601 24,251 189,894 
622 4,980 411 3,289 
7,000 W 6,000 W 
(3) (3) 98,064 2,794,824 
22,109 198,943 51,840 422,811 
1,043,074 16,403,930 1,144,974 21,140,886 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


1Refractory uses only. 
2Data for West Virginia included with Kentucky for 1983. 


*Includes California, Idaho, Indiana, and data indicated by symbol W. 
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BENTONITE 


Bentonite production increased 9% to 3.2 
million tons valued at $102.8 million. A 18% 
increase in production of swelling bentonite 
in Wyoming, the largest producing State, 
accounted for most of this increase. Domes- 
tic consumption rose for drilling mud, 
foundry sand, and pelletizing iron ore. 

Bentonite was again produced in 15 
States. The high-swelling or sodium benton- 
ites continued to be produced chiefly, in 
descending order, in Wyoming, Montana, 
and California. The calcium or low-swelling 
bentonites continued to be preduced in the 
other States. 

The major Western and Southern benton- 
ite producers continued to either cancel or 
defer ongoing expansions or moderniza- 
tions. Most plants were again shut down 
intermittently during the year or were on 
reduced production schedules. The industry 
slowdown continues to be caused by low 
levels of oil and gas well-drilling activities 
during the year, exacerbated by the low 
level of production in the steel and foundry 
industries. These three industries tradition- 
ally consume about 90% of domestic output. 
The major and captive producers of benton- 
ite were also attempting to diversify their 
product lines to compete in other marketing 
areas. 

Exceptions to the bentonite industry's 
malaise were the activities of some of the 
calcium bentonite producers. The Harshaw- 
Filtrol Partnership, which combined the 
assets of Gulf Oil Corp.'s Harshaw Chemical 
Co. and Kaiser's subsidiary, Filtrol Corp., 
launched a program to double desiccant 
production capacity at its Jackson, MS, 
plant. The plant also produces acid-acti- 
vated clays. United Desiccant, a division of 
United Catalysts, and a member of the Süd- 
Chemie Group of Munich, Federal Republic 
of Germany, opened a new facility at Belen, 
NM, about 20 miles from Albuquerque, to 
preduce desiccant clay products from Cheto, 
Apache County, AZ, bentonites. American 
Colloid Co., Skokie, IL, began pilot produc- 
tion of acid-activated clays at a new 15,000- 
ton-per-year plant in Aberdeen, MS, sched- 
uled for startup by mid-1985. Acid-activated 
clay is used to bleach and decolorize vegeta- 
ble oils and animal fats and to refine min- 
eral oils. 
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In sodium bentonite activities, IMCO 
Services of Houston, TX, a division of Halli- 
burt in Co., and Aurora Industries Inc., a 
subsidiary of Panhandle Eastern Corp., 
signed a letter of intent in April for IMCO 


to purchase Aurora's Federal Bentonite 


Div. The sale would include three bentonite 
mines in northeastern Wyoming and four 
processing plants in Minnesota, Montana, 
and Wyoming. The facilities have the capac- 
ity to produce and process 500,000 tons of 
bentonite per year. 

On December 31, 1984, Chemical Market- 
ing Reporter quoted domestic bentonite, 200 
mesh, bags, carload lots, f.o.b. mines, as 
unchanged at $43.50 per ton. The average 
unit value reported by domestic producers 
increased 15% to $32.57 per ton. Per-ton 
values reported in the various producing 
States ranged from $14.00 to $70.79, but the 
average value reported by the larger pro- 
ducers was near the Montana average fig- 
ure of $40.03. . 

Bentonite exports increased 2% to 
563,000 tons valued at $45.4 million. The 
unit value of exported bentonite increased 
5% to $80.60 per ton; this was attributed to 
a higher percentage of the higher cost 
drilling-mud and  foundry-sand grades 
shipped. Domestic bentonite producers were 
continuing to face increased worldwide com- 
petition caused in part by the strength of 
the U.S. dollar. 

Bentonite was exported to 71 countries. 
The major recipients were Canada, 4346; 
Japan, 12%; the Netherlands, 8%; and Aus- 
tralia, Singapore, and the United Kingdom, 
596 each. Domestic bentonite producers re- 
ported that the end uses of their exports 
were drilling mud, 61%; foundry sand, 10%; 
and other, 29% 

Bentonite imports, consisting largely of 
both clay and chemically activated materi- 
al, more than doubled to nearly 17,000 tons. 
The chemically activated category, slowly 
increasing in quantity for the past several 
years, increased over 50% to 10,723 tons 
valued at $2.8 million, primarily because of 
increased shipments from Mexico. The 
chemically activated bentonite was import- 
ed from seven countries, with Mexico sup- 
plying 61%; Canada, 37%; the Federal Re- 
public of Germany, 1%; and Australia, 
France, Japan, and the United Kingdom, 
the remaining 1%. 
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Table 15.—Bentonite sold or used by producers in the United States, by State 


M Nonswelling Swelling Total 
Short tons Value Short tons Value Short tons Value 
1983 

Arizona _____________~_ 32,316 $934,145 Ta 2e 32,316 $934,145 
California 65,789 4,655,802 22,303 $1,289,437 88,092 5,895,239 

Colorado — ----- 4,000 56,000 300 6,000 4,300 62, 
JJ CPP NDS ER t -— "e 15,000 300,000 15,000 300,000 
Mississippi ___________- 240,944 5,952,304 ae a 240,944 5,952,304 
Montana iss m 179,068 6,170,500 179,068 6,170,500 
Nevada ______________ as E 20,151 1,191,425 20,151 1,191,425 
Texas —— s 8 W W W W 14,156 2,815,965 

Utah uel ee me DEN 6,230 187,000 6,230 : 
Wyoming eae ne eee E s 1,938,499 48,046,760 1,938,499 48,046,760 
CNET Dee eee 1160,361 14 874, 387 2201, 909 28 092,366 $287,514 310, 090, 788 
ll! é 503, 410 16, 472, 638 2,983,460 65,233,488 2,886,870 81,706,126 

1984 | 

Arizona. 20,466 300,618 28 835 20,494 301,453 
California 69,098 5,099,773 25,445 1.593,017 94,543 6,692,790 
FCC i at m 20,000 750,000 20,000 750,000 
Mississippi ____________ 207,553 6,304,186 E HUE 207, 553 6,304, 186 
Montana Ei: xx 380,561 15,234,258 380,561 15,234,258 
Nevada .. 22s =a e 20,092 1,191,011 20,092 1,191,011 
777%» aS or 35,850 W 26,495 W 62,345 925,694 
Utah lu oum aa ol ia De x. 3,994 139,810 3,994 139,810 
Wyoming _____________ E E 2,183,706 66,055,721 2,183,706 66,055,721 
Other —— ete ee 1158,310 15,593,694 22,866 490,887 161,176 35,158,887 
Total. dnte uti 491,271 17,298,271 2,663,187 85,455,539 3,154,464 102, 753,810 


W Withheld to avoid disclosing company proprietary data; included with Other.“ 
1Includes Alabama, Colorado, and Louisiana. 

2Includes Colorado (1984), Idaho, South Dakota, and Tennessee. 

* Incomplete total; difference included with individual State totals. 


Table 16.—Bentonite sold or used by producers in the United States, by use 


(Short tons) 
1983 1984 
Use Non- . Non- ; 
swelling Swelling Total swelling Swelling Total 
Domestic: 

Adhesives... LLL LLL L2 oL T 6,688 6,688 = 6,665 6,665 
Animal feed ________________ 38,737 98,220 136,957 36,322 89,513 125,835 
Catalysts (oil-refining) __________ 10,329 178 10,507 7,099 11 ,110 
Cement, portland |... __- NM W W i W W 
Drilling mud ________________ 580 1,155,189 1,155,769 14,861 1,405,405 1,420,266 

Filtering, clarifying, decolorizing: 

Animal oils, mineral oils, greases 
and desiccants __________ — 81,781 4,260 86,041 614 4,058 4,672 
Vegetable oiĩlas 21,250 4,203 25,453 M PM e 
Foundry sand .. é 207,224 372,726 579,950 222,253 428,673 650,926 
Glazes, glass, enamels __________ Ee W W wien W W 
Medical, pharmaceutical, cosmetic m 4,437 4,437 ES 4,653 4,653 
Oil and grease absorbent? e — eT 100,951 13 100,964 
|y | CREME EE HN On m 9,223 9,223 = 10,171 10,171 
Pelletizing iron ore E 301,357 301,357 MM 381,900 381,900 
Pesticides and related products _ _ _ _ _ 506 7,282 7,788 425 6,377 6,802 
Waterproofing and sealing 20,079 13,534 93,613 4,393 52,448 56,841 
Miscellaneous?_______________ 120,488 74,116 194,604 102,670 57,190 159,860 
l es Se Se a 500,974 2, 111,413 2, 612, 387 489,588 2, 447,077 2, 936, 665 
Exports: 

Drilling mud ________________ =a 178,037 178,037 "m 132,579 132,579 
Foundry sand _______________ 126 34,943 35,069 as 21,265 21,265 
Other?____________________ 2,310 59,067 61,377 1,689 62,266 63,955 
Total. m 2,436 272,047 274,483 1,689 216,110 217,799 
Grand total 503,410 2, 383, 460 2, 886, 870 491,277 2,663,187 3,154,464 


W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous.” 
1Chemical manufacturing; fiberglass; firebrick, blocks and shapes; gypsum products; mineral wool and insulation; 
paper coating and filling; pet waste absorbents; plastics; rubber; ink; uses not specified; and data indicated by symbol W. 
ncludes animal feed, face brick, paint, plastics, waterproofing and sealing, and uses not specified. 
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Figure 2.—Bentonite sold or used by domestic producers for specified uses. 


FULLER'S EARTH 


Production of fuller’s earth decreased 
slightly to 1.90 million tons valued at $118 
million. This decrease in production was the 
first reported by industry in over 10 years. 
Most of the decrease was caused by a 9% 
decrease in attapulgite-gelling clay produc- 
tion in Florida. The average unit value 
increased 12% to $62.34 per ton. Production 
was reported from operations in 11 States. 
The two top producing States, Florida and 
Georgia, accounted for 54% of domestic 
production. All States, except Georgia, Tex- 
as, and Virginia, showed gains in produc- 
tion, while Illinois was unchanged. 

Decreases in consumption occurred in oil 
and grease absorbents and pet waste absorb- 
ents. 

Fuller’s earth is defined as a nonplastic 
clay or claylike material, usually high in 
magnesia, which has adequate absorbing, 
decolorizing, and purifying properties. 

Production from the region that includes 


Attapulgus, Decatur County, GA, and Quin- 
cy, Gadsden County, FL, is composed pre- 
dominantly of the lath-shaped, amphibole- 
like clay mineral attapulgite. Most of the 
fuller’s earth produced in other areas of the 
United States contains varieties of mont- 
morillonite. 

Industrywide, enlargements, moderniza- 
tions, acquisitions, and/or mergers, which 
were either canceled or deferred until eco- 
nomic conditions improved, were starting to 
be acted upon again. In this regard, Oil-Dri 
Corp., Chicago, IL, was exploring the possi- 
bility of acquiring the property formerly 
owned and operated by the Anschutz Min- 
ing Corp. adjacent to its facility in Ochlock- 
nee, GA. The acquisition included both 
mines and an adjacent plant. 

Attapulgite, a fuller’s earth-type clay, 
finds wide application in both absorbent 
and gelling or thickening areas. The thix- 
otropic properties of attapulgite clay pro- 
vide the important thickening and viscosity 
controls necessary for suspending solids. 
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Mineral thickeners are used in such diverse 
markets as paint, joint compound cement, 


and polishes. 


Prices for attapulgite reported by produc- 
ers ranged from $49.50 to $67.24 per ton; 
montmorillonite prices ranged from $20.91 


to $100.00. 


Fuller's earth exports to 31 countries 
increased 14% to 116,000 tons valued at $9.3 
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million. The unit value of exported fuller's 
earth decreased 6% to $79.90 per ton; this 
was attributed to the smaller percentage of 
the higher cost drilling-mud grades shipped. 
The major recipients were Canada, 7296; 
the Netherlands, 19%; and Ecuador and the 
United Kingdom, 2% each. A minor amount 
of fuller's earth was imported from France. 


Table 17.—F'uller's earth sold or used by producers in the United States, by State 


Attapulgite 
State pulgi 
Short tons Value 
1983 
Florida aaa 423,986 828, 727, 128 
Georgia 497,191 23,571,143 
La FCC 21,689 1,415,440 
Other 186,370 14,476,998 
Total. ˙ eh Se as 1,029,236 58,190,704 
1984 
Florida __________--_~_ 459,502 30,785,273 
Georgia -------------- 363,669 23.601.595 
Other _______________ 1115490 —— 16,371,947 
Totál.. i ee 938,361 60,758,815 


Montmorillonite 
Short tons Value 

195,240 $9,254,469 
W W 
40,000 2,000,000 
2647,158 237,245,322 
882,398 48,499,791 
205,414 8,812,997 
24,000 ,400,000 
2731,370 246,417,069 
960,784 57,630,066 


106,690,495 


Total 
Short tons Value 
423,986 $28,727,128 
692,431 32,825,612 
W W 
40,000 2,000,000 
$755,217 343, 137,755 
1,911,634 

459,502 30,785, 273 
569,083 32,414,592 

24,000 ,400, 
846,560 52,189,016 
1,899,145 118,388,881 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


Uncludes Illinois, Nevada, and Texas (1984). 


2Includes Arizona (1983), Illinois, Mississippi, Missouri, South Carolina, Tennessee, and Utah. 


SIncomplete total; difference included with individual States. 


Table 18.—Fuller's earth sold or used by producers in the United States, by use 


(Short tons) 
1983 
Use Atta- Montmoril- 
pulgite lonite 
Domestic: 

Adhesives.  —-—------------- 1,865 M 
Drilling mad %%% ĩͤ 81,406 Mh 
mud... oec ; — 
Fertilizertr ss 47,257 13,331 

Filtering, clarifying, decolorizing 
mineral oils and greas es 21,185 1,576 
ical, pharmaceutical, cosmetic 111 2 
Oil and grease absorbents _______ 269,688 193,946 
Paint l4. c. uL se 8,238 a= 
Pesticides and related products 69,731 83,858 
Pet waste absorbents__________ 320,587 485,844 
Other! ----------------- 22,971 10,126 
Miscellaneous? |... 66,945 40,879 
Total- eaan 909,984 829,562 

Exports 

illing mug 865 cee. 
Oil and grease absorbents _ __ _ _ — — 91,911 36,469 
Pesticides and related products 7,48 458 
Pet waste absorbents?s _ 12,805 12,898 
Miscellaneous 6,234 3,011 
rr! t cu 119,252 52,836 
Grand total --—----------- 1,029,236 882,398 


1Includes paper filling and roofing granules. 


Total 


1,739,546 


865 
128,380 
1,895 
25,108 


172,088 


1,911,634 


938,361 


1984 


lonite 


Montmoril- 


10,576 
784 
220,878 
120,223 


506,27 


9 


19,841 
30,911 


909,492 


38,138 
373 
12,295 


486 
51,292 
960,784 


9,245 


1,899,145 


*Includes common brick; catalyst oil refining; chemical manufacturing; glazes, glasses, and enamel; gypsum products; 
mortar and cement refractories; plastics; pottery; and sanitary ware. 


*Includes paint and uses not specified. 
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FULLER'S EARTH, thousand short tons 
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Figure 3.—F uller’s earth sold or used by domestic producers for specified uses. 


COMMON CLAY 


Domestic sales or use of common clay and 
shale increased 8% to 29.4 million tons 
valued at $130 million. Output rose marked- 
ly in California, Georgia, and North Caro- 
lina, and decreased in Texas, the major 
producing State. Common clay and shale 
represented 66% of the quantity and 13% of 
the value of total domestic clay production. 
Domestic clay and shale is generally mined 
and used captively to fabricate or manufac- 
ture products. Less than 10% of the total 
output is usually sold. The average unit 
value for all common clay and shale pro- 
duced in the United States and Puerto Rico 
increased 4% to $4.42 per ton. The unit 
value ranged from $2 to over $20. 

Common clay is defined as a clay or 
claylike material that is sufficiently plastic 
to permit ready molding and that vitrifies 
below 1,100* C. Shale is a sedimentary rock 
composed chiefly of clay minerals that have 
been both laminated and indurated while 


buried under other sediments. Clay and 
shale is used in the manufacture of struc- 
tural clay products such as brick and drain 
tile, portland cement clinker, and expanded 
lightweight aggregates. 

Increased production capacities, new 
plants, and acquisitions and/or mergers 
proceeded slowly during the year. The con- 
struction industry, the largest consumer of 
heavy clay products such as brick, light- 
weight aggregate, portland cement, sewer 
pipe, and tiles, was rapidly recovering from 
its depressed state. The large inventories 
that resulted from this were being reduced 
by increased sales and plant activity at 
midyear. | 

Three exceptions were noted to the slow- 
down in industry mergers. Buildex Inc., 
Ottawa, KS, a manufacturer of lightweight 
aggregate, was purchased by the Light- 
weight Aggregate Div. of Carter-Waters 
Corp, a Kansas City, MO, construction 
materials producer. Crescent Brick Co. Inc., 
based in western Virginia, bought the 
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mines and plants of Cedar Heights Clays Co. 
of Oak Hill, OH. Cedar Heights is the 
largest producer of prepared clay in the 
State. Continental Clay Products Co., 
Martinsburg, WV, was sold to a group 
headed by Imperial Coal Sales, Lynchburg, 
VA, which also owns Locher Brick Co. in 
Lynchburg. Imperial Coal was also plan- 
ning to convert Continental's two gas-fired 
kilns to coal. Another conversion unit was 
being advanced by National Synfuels Inc., 
Jacksonville, FL, at Elgin-Butler Brick Co.'s 
plant near Elgin, TX. National Synfuels 
was designing a traveling-bed gasifier to 
produce natural gas from lignite associated 
with Elgin-Butler's clay mining operation. 
Elgin-Butler hoped to produce a competitive 
low-British thermal unit gas in its $1.6 
million project. These conversions are in- 
line with the heavy clay products industry's 
efforts to reduce operating costs, in general, 
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Inc., revealed plans for an $8 million addi- 
tion to its 108-year-old Lincoln, CA, plant. 
The addition was to occur in two stages. The 
first stage, of a 5-year plan, called for pro-. 
ducing a new line of split-tiles and then 
adding a modern, fuel-efficient brick-manu- 
facturing plant in the second stage. A capac- 
ity of 4 million square feet was targeted for 
the tile operation, although the planned 
capacity of the brick plant was to be 40 
million bricks per year. 

A preliminary determination was made 
by the International Trade Administration 
(ITA) that manufacturers, producers, or ex- 
porters of Mexican bricks were receiving 
certain benefits that constituted bounties or 
grants within the meaning of the counter- 
vailing duty law. The ITA estimated the net 
bounty or grant to be 5.18% ad valorem and 
directed the U.S. Customs Service to require 
either a cash deposit or bond on these 


and firing costs, in particular. In a west 
coast expansion, Gladding, McBean and Co., 
a division of Pacific Coast Building Products 


products in an amount equal to the estima- 
ted net bounty or grant.‘ 


Table 19.—Common clay and shale sold F used by producers in the United States, 
| tate! 


by 
State 1983 1984 
Short tons Value Short tons Value 
Alabama ²³˙ AAA es 1,624,734 $8,487,924 1,523,073 $8,379,481 
APISONÉ. nutu cost DM LEE ee e 118,815 490, 17,184 517,140 
C ue ⁰o¹. re e eL a 769,217 1,562, 33,420 2,157,030 
Gif ⁰ trier sd 1,683,153 11,196,177 1,945,840 5,334, 
Serre ³ð ee LE 442, 2, 473, 005 293, 1,939,506 
Connecticut. on Luc ee 86,034 514,910 99,07 564,620 
Floridi ——————————— eee nuca Sh 231,416 74,048 279,947 824,512 
Georgie. . ß ee et 1,280,809 3,773, 157 1,601,268 4,917,857 
Inoi aes coc aaa i 716,580 3,359,537 253, 39, 
h ³⁰˙Üwͥſddddd RES ee mum 551,698 1,421,142 653,135 2,085,427 
e d ß RIT 576,251 257, 623,16 2,694,651 
7 dGdwmñ 703, 284 3, 620, 604 897,722 4,186,598 
Kentucky MeL — ———' 669,300 2,142,337 1, 2,532,769 
Louisiana -—--—-----------—-—-—--——-———————— 505,054 10,573,640 539,472 10,858,373 
JÄÄÄA˙.]ʃ ũ é ͤꝗm0M 6 ⁰wx mx 8 43,488 92,5 43,488 96,5 
Maryland 2 eee eos 483,741 1,746,874 346,963 1,483,631 
Massachusetts _________________ LLL 236,998 1,298,29 239,929 1,211,614 
l ee i E 1,198,900 5,693,416 1,320,774 5,051,586 
Mississippi- -~ - - - - --- "m 943,089 694,071 1,870,938 5,631,311 
HMEOUM LiL.c-hlenueenlLtc ci n nl tac uL 1,003,755 8,716,105 1,079,094 4,178,762 
/ ³˙”VU ie Sane a EPA 15,226 33,854 16,422 25,743 
n 3 ↄðVâ/ſſſꝙd d ⁰ aes Ata 6950 ren 5 400.900 
V ZZZ exu t ; : A : 
New 0 ²˙ . %ꝛ6ↄ dd y ĩð i c uL. 47,609 94,224 64,784 132,226 
h Add ² A A A ee ces 371,060 868,551 543,368 2,434,776 
North Carolina ——---—-----------------—--———— 2,067,947 6,680,959 ,280,634 7,911,093 
ee . OPE 1,468,285 4,639,521 1,656,686 5,468,566 
Oklahoma maU SRM 88 861,531 2,281,146 979,291 2,498,178 
))) ³ð i ³ðVEũjĩ ͤ A 8 188,222 275, 189,167 ,Á 
Pennsylvania RE e A 8 854,687 3,457,825 902,448 3,745,079 
Puerto Rico -—----------------—-—-——-—-—————— 125,259 1,204 127,966 66,43 
South Carolina ~- _—-----------------—-—-—-—-—-—-—-—— 1,052,666 3,118,251 1,057,061 3,405,359 
South Dakota ----------------—------—-——— 122,576 ,105 119,149 343,149 
Tennesse 433,221 955,685 560,278 1,165,263 
J(õöÜO. ⁵ ¼à¼¾. . SNL RE OPE NER 3,714, 421 14,426,690 3,406,593 5,362,396 
«ö; E ³] éñq.. rr ce c eR e 220,222 1,876,665 310,439 2, 079, 497 
l m uei ⁰¶ꝗydv y CL cr 744,291 8,466,950 687,968 8,603,785 
i | EREE TI EEE EE ⁰y y oa EEA AE 275,285 1,714,671 285,961. 1,598,120 
West Virginia. ee ueruh usum ees 248,571 531,990 283,328 615,084 
Wyoming scree ³⁰ow AAA 8 201, 263 1,011,916 213,850 1,294,981 
Other? oo ,, es ae 90,934 367,358 115,492 422,688 
Total -ces ³˙»⁊¹ꝛn¹d 21,191,995 115,586,280 29,353,147 129,741,663 
Includes Puerto Rico. 


Ancludes Minnesota, New Hampshire, and North Dakota. 
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CONSUMPTION AND USES 


The manufacture of heavy clay products 
including (1) building brick, sewer pipe and 
drain, roofing, structural, terra cotta, and 
other tile; (2) portland cement clinker; and 
(3) lightweight aggregate accounted for 
37%, 19%, and 10%, respectively, of total 
domestic consumption. In summary, 65% of 
all clay produced was consumed in the 
manufacture of these clay- and shale-based 
construction materials. 

Heavy Clay Products.—The value report- 
ed for shipments of heavy clay products 


increased 16% to $1.34 billion. The million. 


standard brick count for building or com- 
mon face brick increased 12%. Vitrified 
clay sewer pipe and fittings shipped increas- 


ed 6%, and shipments of clay floor and wall. 


tile increased slightly more than 2%. In- 
creases in common clay and shale used in 
building brick production occurred in most 
States. Increases above 30% were noted in 
Arkansas, California, Georgia, Kansas, 
Mississippi, New Hampshire, New Mexico, 
North Dakota, Oklahoma, Tennessee, Utah, 
and Wyoming. 


Lightweight Aggregates.—Consumption - 


of clay and shale in the manufacture of 
lightweight aggregate remained relatively 
unchanged at 4.4 million tons. The upturn 
in construction, which increased the de- 
mand for lightweight aggregates, offset the 
decline in the new markets, such as golf 
courses, horticulture, and running tracks, 
which in prior years were growing modestly 
each year. 

Refractories.—All types of clay were used 
in manufacturing refractories. Fire clay, 
bentonite, and kaolin accounted for 41%, 
25%, and 21%, respectively, of total clays 
used for this purpose. The remainder, ball 
clay, common clay and shale, and fuller’s 
earth, were used primarily as bonding 
agents. Bentonite was used chiefly as a 
bonding agent in proprietary foundry for- 
mulations. 

The tonnage of clays used for refractories 
increased slightly and constituted 6% of 
total clays produced. The modest recovery, 
which continued for the depressed major 
refractory consuming industries, cement, 
foundry, glass, and steel, was responsible 
for the increased consumption. These in- 


creases continued expansion in refractory 


aggregate production and manufacture of 
the more conventional brick refractories. 
Refractory aggregates were used mostly in 
specialty plastics, gunning, ramming, cast- 
able mixes, and/or as a substitute for re- 
fractory bauxite. The major refractory con- 
suming industries, mentioned above, were 
continuing to undergo major changes in 


technology and production levels for their 
products. 

Filler.—All kinds of clay have been used 
to some extent as fillers in one or more 
areas of use. Bentonite, fuller’s earth, and 
kaolin are the principal filler clays. Kaolin 
was used in the manufacture of paper, 
rubber, paint, and plastics. Fuller’s earth 
was used primarily in pesticides and fertiliz- 
ers. Clays were in pesticides and fertilizers 
as carriers, diluents, or prilling agents. 
Bentonites were used mainly in animal 
feeds. 

Of total clay produced, 11% was used in 
filler applications; of this, kaolin accounted 
for 89%; fuller’s earth, 6%; bentonite, 3%; 
and ball clay, common clay and shale, and 
fire clay, the remaining 2%. Kaolin con- 
sumed as fillers increased 8% to 4.3 million 
tons. Increases occurred in all the major 
filler categories for kaolin. Except for in- 
creases of 8% in plastics, 4% in paper 
coating and filling, and 1% in adhesives, all 
other categories increased over 20% each. 
The total quantity of fuller’s earth used in 
insecticides and fungicides increased over 
25%. 

Absorbent Uses.—Absorbent uses for 
clays accounted for over 1.5 million tons, or 
3% of total clay consumption. Demand for 
absorbents increased 5%. Fuller’s earth was 
the principal clay used for absorbent pur- 
poses, and this application accounted for 
81% of its entire output. Bentonite was also 
used. Demand for clays in pet waste absorb- 
ents, representing 63% of absorbent use, 
remained unchanged. Use in floor absorb- 
ents, chiefly to absorb hazardous oily sub- 
stances, representing the remaining 37% of 
absorbent demand, increased 13%. An up- 
turn in the smokestack industries, large 
consumers of floor absorbents, and the econ- 
omy in general were largely responsible for 
the increased demand. 

Drilling Mud.—Demand for clays in 
rotary-drilling muds increased 23% to 1.53 
million tons and accounted for 3% of total 
clay production. This increase reverses a 
downward trend begun in 1982 when a 
combination of an oil glut and economic 
uncertainties resulted in lower oil and gas 
well- drilling activities, which depressed 
bentonite demand. Swelling-type bentonite 
remained the principal clay used in drilling 
mud mixes, although fuller’s earth and 
nonswelling bentonite were also used to a 
limited extent. Bentonite and fuller’s earth 
accounted for nearly 100% of the total 
amount of clay used for this purpose. Small 
amounts of ball clay and kaolin were used 
in specialized formulations. 
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Table 21.—Shipments of principal structural clay products in the United States 


Product 1980 1981 1982 1983 1984 
Unglazed common and face brick: 
unn ae Se i ey Nee ey Nn million standard brick 6,513 5,202 4,401 5,192 6,510 
"EM Be tt Ge tes ⁰ et millions_ _ $625 $540 $504 $704 $836 
Unglazed structural tile: 
Quantity eue nci E c thousand short tons 102 92 49 30 32 
4! ³ĩÄVê W T SE millions. .. $7 $8 $6 $5 $7 
Vitrified clay and sewer pipe fittings 
uantity — ---------------- thousand short tons 654 463 325 375 397 
Blig- i Fr fn he n n a EE E as millions $109 $13 $52 $64 $79 
Unglazed. salt-glazed, ceramic-glazed structural facing tile 
including glazed brick: 
Quantity _____________-~- million equivalent brick. . 46 35 11 W W 
V nhe ddr LE E millions $11 $10 $8 W W 
Clay floor and wall tile including quarry tile: 
Quantity ________________-_~- million square feet. 323 288 296 333 340 
BA millions $310 $341 $354 $388 $421 
Total value? |... 2222s cn do $1,062 $972 $923 $1,161 $1,342 


W Withheld to avoid disclosing company proprietary data. 
Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census Report Form M32-D (84), Current Industrial Reports—Clay Construction Products. 


Table 22.—Common clay and shale used in building brick production in the 


United States, by State 
1983 1984 
State — — —— 
Short tons Value Short tons Value 

·G³ ͤ . ³ A ³ AA Le DEL eo d 888,072 $3,627,864 721,338 $2,924,014 

Arizona and New Mexico __________________~___ _ 125,413 331,746 143,866 380, 
Arkansas-  — d een he eu 364,840 840,369 493,325 1,269,049 
liier... 233,035 837,755 378,644 1,527,701 
Colorado ccena he i Si Iie ag es e 441,007 2,470,391 291,547 1,937,112 
Connecticut and New ders) 136,034 899,910 149,078 1,314,620 
33°41 EENE AIEE ENEE ⁵ðVA ²²mwm; ð ß ĩ ee 1,026,196 2,949,605 1,356,003 8,182,607 
Illinois 5 odio ose UIT ues osea ir t 566,145 2,739,175 106,740 402,342 
Indiana and Io WWu.u 2222222222222 337,512 1,133,137 361,865 926,670 
SR ge E Oa i teh 147,083 430,877 193,022 535,701 
Keélhtucky. uu ou i ⁵⁰»on a Lue ed 268,496 1,058,766 292,800 1,354,941 
I ³˙wAAA sere 90,398 207,162 117,404 306,673 
Maine, Massachusetts, New Hampshire 158,015 884,239 166, 451 860,538 
Maryland and West Virginii knn 306,914 1,187,226 315,013 1,515,289 
Michigan and Minnesota ______________________ 83,282 658,875 51,641 128,111 
Mississippi M ee ee cee See eee 790,471 2,230,428 1,744,621 5,255,238 
iii ³ðÄ y ees 82, 183 323,846 373 58,183 
Nebraska and North Dakota... 2 22s 145,812 410,601 180,927 490,011 
New York ß Li 128,994 177,828 88,397 90,248 
North Carolina . 22222 2222222 22222222 1,889,706 6,230,024 2,067,546 7,398,557 
OB a . a pli i cre he en 838,689 2,670,674 919,971 3,205,889 
Oklahoma ²˙ R0e ⁰ ⁰·¹ dd ee ea 313,092 961,143 518,107 1,661,852 
i rs te es NM E 18,898 26,914 18,874 ,001 
Pens i!! ees Sl 750,578 2,875,034 765, 237 2,851,355 
South Caroling euasit nl cham edem cam 642,380 2,027,300 660,974 2,540,845 
Tennessee |... „„ 218,190 538,740 394,182 685,569 
/ tae So ics y aed 1,635,777 6,889,517 1,725,337 7,331,347 
PEETA II eS near eS Lee ee nae NE ↄðùſ ⁵ ⁵ 0 8 3,512 594,781 17,914 1,645,138 
Ji y ts eek E dite 646,719 1,807,945 583,405 1,634,348 
Washington e ß ß a cte e e Re 153,453 575,502 150,115 415,315 

MVOmIDE a cuu ⁰˙ m. 8 30,738 295. 392 44,711 


77 PR 13,602,234 48,897,766 15,363,428 55,329,570 
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Table 23.—Common clay and shale used in lightweight aggregate production in the 
United States, by State 
Short tons 
State Concrete Structural Highway h res 
block concrete surfacing 2 8 Tora! 
1983 | 

Alabama and Arkansas 495,128 134,143 8 13,981 643,252 442,1 
California 136,401 849 ES 19,114 356,364 2,761,916 
Florida, Indiana, lowa- - ---------- 182,159 47,239 8,416 237,814 957,4 
Kansas, Kentucky, Louisiana 513,357 175,791 48,542 12,990 750, 13,201,640 
Massachusetts, Mississippi, Missouri 271,581 81,856 26,231 Hee 385,674 1,922, 
Montana and New Vork 64,214 19,352 Mis EF : 840, 
North Carolina and North Dakota 106,288 635 E. 31 174,954 539,188 
Ohio, Oklahoma, Pennsylvania 193,025 36,829 50 6,500 6,4 532, 
Utah and Virginia 137,118 82,191 "T 7,860 177,769 1,966,087 
777%ͤͥÜù˙ AAA cL 375, 509 524, 582 213,453 235,724 1,349, 4.755, 477 

Otel ha ek or E 2,480,786 1,822,067 288,276 304,616 4,395,745 30,419,682 

1984 

Alabama and Arkansas 521,001 146,007 19,364 4,200 690,572 3,698,200 
California - onu 123,481 201,091 EP 19,114 343,686 2,788,688 
Florida, Indiana, IoẽwW aaa 185,874 39,600 26,122 "e 251,596 698,494 
Kansas, Kentucky, Louisiana 538,537 192,028 48,707 12,347 791,619 18,830,093 
Massachusetts, Mississippi, Missouri 722 80,096 23, 715 — 60, 1,846,549 
Montana and New Vork 148,050 187,750 c e 285,800 2,000,500 
North Carolina and North Dakota 124,120 81,642 ios 24 205,186 512,921 
Ohio, Oklahoma, Pennsylvania 221,232 85,193 100 ES 263,065 577,377 
Utah and Virginia 144,215 32,509 T 8,036 184,760 6,592 
Texal-- A 6 401,978 241,189 329,766 20,988 1,000, 521 4,997,293 

Total ³˙»¹ w- K eo 2,611,210 1,194,245 441,114 64,709 33,286,663 


Floor and Wall Tile.—Common clay and 
shale, ball clay, kaolin, and fire clay, in 
order of volume, were used in manufactur- 
ing floor, wall, and quarry tile. This end-use 
category accounted for 1% of the total clay 
production. Demand for tile increased 1196 
to 449,000 tons. The upturn in the housing 
industry was largely responsible for the 
increased demand. 

Pelletizing Iron Ore.—Bentonite contin- 
ued to be used as a binder in forming hard 
iron ore pellets. Demand increased 27% to 
381,900 tons. This increase in taconite pellet 


4,377,988 


production reverses the downward trend for 
steel demand noted for the past 2 years. The 
inroads of cheaper and lower quality foreign 
bentonites into this traditional U.S. clay 
marketing area appear to be waning. 

Ceramics.—Total demand for clays in the 
manufacture of pottery, sanitary ware, chi- 
na and dinnerware, and related products 
(excluding clay flower pots) accounted for 
3% of the total clay output. This demand, 
principally for ball and kaolin clays, in- 
creased 15% to 1.48 million tons. 
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Table 24.—Shipments of refractories in the United States, by product 
Unicef 1983 1984 
Product D d 
tit ; Value j Value 
ATI Quantity (thousands) Quantity (thousands) 
CLAY REFRACTORIES 
Superduty fireclay brick and shapes 1,000 57 29,716 $36,023 34,422 $41,887 
equivalent. 
Other fire clay including semisilica brick and do 60,522 40,830 66,368 44,142 
shapes, glasshouse pots, tank blocks, feeder 
parts, F Oper structure parts used only for 
glass 
Hig h-alumina (50% to 60% AlsOs) brick and anode ccu 70,402 130,773 81,957 151,578 
ee a made of calcined diaspore or 
Insulating "bk and shapes ----do -_- 25,328 25,419 29,296 29,677 
Ladle brickckk nnn ----dọ ___- 77,134 24,615 66,763 622 
Sleeves, 8 runner brick, tuyeres — — — — — ia LO cs 20,768 26,998 ; 30,475 
Hot-top refractories |. s Short tons W W W 
Kiln furniture, radiant heater elements, pot- do 26,524 24,495 28,169 26,526 
ter's supplies, other miscellaneous-shaped 
refractory items. 
Refracto nding mortars - ---------- Lic H9 56, 24,108 80,317 96,589 
Plastic refractories and ramming mixes, con- 00 182,584 99,409 95,968 48,862 
taining up to 87.5% AlgOs. 2 
Castable ref ri Se ___ do ..- 204,154 71,937 219,939 ; 
Gunning mixes „ e 11,825 i 85,551 31.121 
Other clay refraciory materials sold in lump ---.do ..-- 474,563 52,829 505,525 230,09 
or ground form. 
Total clay refractories- ------------  ------—- XX 595,299 XX 782,3808 
NONCLAY REFRACTORIES 
Silica brick and shapes 1,000 9-inch 6,718 14,513 7,095 15,025 
| equivalent. 
esite and magnesite-chrome brick and iuc Os neh 21,864 88,526 25,754 112,129 
pes. 
Chrome and chrome-magnesite brick and do 29,286 109,455 38,656 154,045 
Shaped refractories containing natural Short tons 16,386 31,973 17,461 33,308 
graphite 
Zircon and zirconia brick and shapes; other 1,000 9-inch 1,289 22,922 5,048 36,762 
carbon refractories: Forsterite, pyrophyllite, equivalent. 
dolomite, dolomite-magnesite molten-cast,* 
other brick and shapes 
Other mullite, kvanite a sillimanite, or andalu- ----doọo uc 2,966 11,628 3,734 16,100 
site brick and shapes. 
Other extra-high-alumina (over 60%) brick mde zc 4,036 86,230 3,677 46,611 
and fused bauxite, fused alumina, dense- 
sintered alumina shapes.“ 
nC bon brick, shapes, kiln furniture 3 00 3,241 9,939 1,674 34,845 
nding mortarr ______- Short ions s 12, 731 9,194 14, 9,792 
Hydraul uliceetting nonclay refractory castables csi ^ue 18, 402 19,508 23,742 23,978 
ic refractories and ramming mixes cd c 123, 824 71,217 180,966 87,041 
Gann e ee auc uoo a 235, 916 73,997 233, 331 86,709 
Dead - burned magnesia or magnesite? " _____ do 300,907 71,523 376,029 102,160 
Dead-burned dolomite. - - -- --------- Jt AO cc 120,661 7,675 309,291 18,002 
Other nonclay refractory material sold in 2uuddo -.- 231,948 44, 104 213,433 47,834 
lump or ground form. 
Total nonclay refractories -—-—------- —------- XX 622,399 XX 824,336 
Grand total refractories_ —- —- --------- — _ - -___- XX 1,217,698 XX 1,606,644 


W Withheld to avoid disclosing company proprietary data. XX Not applicable. 


Heat ed short of fusion; volatile materials are thus driven off in the presence of chemical changes, giving more stable 


material for refractory use 


2More or less plastic brick and materials which, after the addition of any water needed, are rammed into place. 


Materials for domestic use as finished refractories and all exported material. 
*[ncludes calcined clay, ground brick, and siliceous and other gunning mixes 
5Molten cast refractories are made by fusing refractory oxides and pouring the molten material into molds to form 


finished sha 


pes. 
*Completely melted and cooled, then crushed and graded for use in a refractory. 


Includes shipments to refractory producers for reprocessing in the manufacture of other refractories. 


Source: Bureau of the Census Report Form MQ32-C (84), Current Industrial Reports—Refractory. 
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Table 26.—U.S. imports for consumption of clays in 1984, by kind 


Quantity Value 
Kind (short (thou- 
tons) sands) 
China clay or kaolin, whether or not beneficiated: 
PPP be eo re cae DL a E LE 246 $19 
EFPADOB 425 0-6. uc cA o chuc xe y 92 13 
Germany, Federal Republic oꝶf̃fffffffff 2222 L L2 clc 28 3 
e ß , eee ee tu un 140 8 
United Kingdom a ³x—;. 10,106 785 
)))) ne a A y MI EE 46 10 
/)öÜ ³⁵²ÜQ A2 ³⁰ wum ⁰⁰ͥ⁰ꝗydd ] ] ĩðé 3 8 10,658 838 
Fuller's earth, not beneficiated: France „ 8 8 
Bentonite: 
%%’ ↄ .... tee E emt A ns em ee ae 932 154 
Germany, Federal Republic oůlůl «„ „„ 13 5 
/// ͤ·1%/ddddJſdꝓddàdddàddddd/dwùw[x ð ß ⁰tr é 3,724 120 
United Kingdom —— Lu seeders x t dud 1,176 221 
e s uA eU D D LLL A T 21 9 
jo c Ee ————— ³ð 8 5,866 3516 
Common blue and other ball clay, not beneficiated: is : 
United Kingdom _______________________________________-_ 452 23 
ee pe t o eua ae Ct 10 1 
CCT ͥGdTꝑffffff ̃ a h RA 511 32 
Common blue and other ball clay, wholly or partly beneficiated: 
United Kingdomnnunn „ 1.447 165 
„11rr!. ⁵ ³ ſͥ ³ dſſſſſĩ RECO E E E 21 3 
TOU] 22-2595 . x OE 1,468 168 
Other clay, not beneficiated: 
))) nM LE LE UAE Lu a tente uA 8 180 15 
00000õͥͥͤĩ ³ĩ;Vſqſſͥͥ ͥͥ :.... 8 35 9 
Polabd 2 no ro unie i ³o-- A ³¹ð¹m ⁰ʒ A eL 84 23 
United Kingdom __________ ~~. _____ „„ „„ „„ 4 6 
Og. c ob o ere SO SNP eM ß mt E LR M LM E 22 6 
VCI xU tuU Lt Meo P I iE E 325 59 
Clay, n.e.c., wholly or partly beneficiated 
Brazil Ner NACER he ns / ſ ³o 16 15 
ef dd LAE LLLI LM eS 336 87 
Fron d f Et E 114 11 
Germany, Federal Republic ooůo kn 127 25 
///) oͤVVVdddddddddàddã!!! f yy mt 8 16 3 
1/%/%/”—ͤWWqꝓq＋ſ!n !! ß y Ea ce 10 13 
J ⁰ ͤ1˙. 1 ⁰ d ⁊ . ͤ . 3 2- 
United Kingdom —— ff.. (;(; D LLL Rue LR e 1,896 275 
Other e re e ß eee eee mC 8 2 
C1111 PM ge DT UL CEU LL eMe US 2.026 3434 
Artificially activated clay: 
ne Ec ula CU t LM A e RT E 3,932 1,023 
Germany, Federal Republic of — — - - - - - - -- -- --- „ 197 169 
J)!!! ↄ ĩↄ ͤdddddddddf y a a E 42 36 
7 ³˙⁰⁶ͥ0ͥ5gößũĩ?ẽ% 6,513 1,549 
United Kingdom ⅛ 22.22.75. Boon mn we tuti 20 
Other! 2o en SE ue ddddddddd ⁵ĩ» ee eee ed 19 14 
Total leer ti luu d ULLUS Ud E ee 10,723 2,818 
F ne r ũ T... A 8 31,585 4,868 


Includes countries with imports of quantities less than 1 short ton and/or values of less than $1,000. 
Data do not add to total shown because of independent rounding. 


Source: U.S. Department of Commerce. 


262 


MINERALS YEARBOOK, 1984 


WORLD REVIEW 


Estimated world production of all grades 
of kaolin, bentonite, and fuller's earth in- 
creased 12%, 5%, and 2%, respectively. 
Kaolin production during the year was 24.3 
million tons, and U.S. output was 3396 of 
the world total. World bentonite production 
was 6.0 million tons, with the United States 
accounting for 53% of the total. Fuller's 
earth production was 2.5 million tons, and 
U.S. output accounted for 75% of the total. 

Australia.—Comalco Pty. Ltd. was plan- 
ning to spend about $60 million on a kaolin 
plant at its Weipa bauxite operation in 
northern Queensland.* The company plan- 
ned to bring the 100,000-ton-per-year plant, 
largely targeted for export, on-stream by 
July 1986 with a further expansion to 
500,000 tons per year within 10 years, if 
warranted. The kaolin, under the bauxite 
deposit, is considered of paper-coating quali- 
ty. In another kaolin event, Zanex Ltd. of 
Melbourne was exploring the possibilities of 
developing a kaolin deposit, of unknown 
quality, at the Elaine exploration lease in 
Victoria. The property is owned 50-50 by 
Zanex and Bass Strait Oil and Gas (Hold- 
ings) Ltd. 

The United Kingdom-based refractories, 
aggregates, and construction materials 
group, Steetley PLC, sold off its Australian 
interests to the Anglo American Corp. of 
South Africa Ltd. for $19 million.* Steetley 
Industries Ltd. (Australia) controls mining 
and mineral processing operations through- 
out Australia, including major flint clay 
deposits in New South Wales. 

Bolivia.—The reserves of bentonite de- 
posits, currently mined by NL Baroid/NL 
Industries Inc. and Mosamar (Bolivia) were 
as follows: actual measured, 35,000 tons; 
indicated, 130,000 tons; and inferred, 
175,000 tons.“ 

Bulgaria.—The Institute of Physical 
Chemistry of the Bulgarian Academy of 
Sciences has reportedly developed a new 
energy conserving method for producing 
finely dispersed kaolin.* The new process is 
said to require 80% to 90% less energy per 
unit of production and eliminates the need 
for dust collectors. 

China.—A large deposit containing ben- 
tonite, perlite, and zeolite was discovered in 
Xinyeng County in Henan Province? No 
further details about the deposit were re- 
leased. 

Denmark.—A/S Aalborg Portland-Ce- 
ment Fabrik, a member of the F. L. Smidth 
Group, announced plans to close its Dania 


sintered grog facility near Mariager.’° 

Egypt.—The Eastern Desert has been the 
focus of a high level of exploratory activity 
for clay, metallic, and other nonmetallic 
minerals. 11 The clay minerals of highest 
priority were bentonite and kaolin. 

Germany, Federal Republic of.—A new 
PEM magnetic separator was scheduled for 
delivery to Kick Kaolin in Schnaitten- 
bach.!* The new separator and accompany- 
ing flowsheet modifications will allow the 
company to produce coating-quality kaolins. 

Hungary.—Vast reserves of clay miner- 
als, principally calcium, magnesium, and 
sodium bentonites, were reportedly present 
in Tojaj Mount in the northeastern part of 
the country.* Twelve open pit clay mines 
were operating in the area. 

Indonesia.—Production of kaolin from 
the Belitung operation began at midyear 
with a rated capacity of about 30,000 tons 
per year.!“ The kaolin project, operated 
through P.T. Tambang Timah’s subsidiary, 
P.T. Kaolin Indonesia, was intended largely 
for domestic consumption. 

Iraq.—A new company was established 
by the Government to handle bricks and 
other construction materials.'^ The compa- 
ny is part of the State Organization for 
Construction Industries and will be known 
as the State Establishment for Marketing 
Building Materials. 

Malaysia.—Laporte Industries Ltd, a 
leading world producer of activated earths, 
has been granted permission by the Govern- 
ment to manufacture acid-activated benton- 
itic clays at Pasir Gudang in the State of 
Johore.* Work was to begin on the first 
stage of a 50,000-ton-per-year production 
unit based on the company's advanced tech- 
nology used at its Widnes plant in the 
United Kingdom. The new venture by La- 
porte (Malaysia) Sdn. Berhad, a recently 
formed wholly owned subsidiary of Laporte 
Industries (Holdings) is an extension of 
Laporte's United Kingdom operations to 
other Asian countries and the Indian sub- 
continent. The activated clays are used 
throughout the region for decolorizing local- 
ly produced palm oils. 

Morocco.—Important reserves of benton- 
ite in the Nador area and kaolin in the 
Taghjijit region were reported." The Bu- 
reau de Recherches et de Participations 
Miniéres was attempting to develop the 
bentonite deposits. Samples from the kaolin 
deposits were sent to Czechoslovakia for 
testing. 
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Saudi Arabia.—New finds of bentonite, of 
unknown type and quality, were located at 
Khulays, north of Jidda.!* 

Sri Lanka.—Sizable deposits of ball clay 
were discovered in the southern Kalutara 
area. The Government's Ceylon Ceramic 
Corp., currently producing a ceramic- 
quality kaolin from Boralesgamuwa and 
Mettiyagoda, was planning to use both clays 
in meeting the increased domestic demand 
for ceramic products. 

Swaziland.—The Langa National Brick- 
works Ltd.’s new manufacturing facility in 
Mpaka went into production during the 
year with a capability of nearly 50,000 
bricks per year.” The new plant was target- 
ed to produce about 50 million bricks per 
year with some of its production being 
exported to neighboring Natal and Trans- 
vaal. 

Sweden.—The Overseas Clay Div. of ECC 
acquired SPH Chemicals AB, which was 
previously owned by a major part of the 
Swedish paper industry. The newly pur- 
chased company was merged with AB CDM, 
another Swedish agency acquired in the 
early 1980's to expand the use of ECC clays 
in Scandinavia. 

Togo.—The National Bureau of Mines 
and Mineral Reserves unveiled a 5-year 
mineral resources development plan.” The 
first stage of the program will involve a 
countrywide inventory of areas where in- 
dustrial mineral deposits, including attapul- 
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gite and bentonite, have already been iden- 
tified. 

U.S.S.R.—Bentonite production from the 
Oganly deposit in Turkmenia was reported- 
ly in excess of 100,000 tons.** Future plans 
call for modernization and expansions to 
permit production of nearly 1 million tons 
by the 1990's. 

United Kingdom.—A new $10 million 
factory was to be built by Blockleys Ltd. 
adjacent to its brickworks at Telford, Shrop- 
shire.* The factory will initially produce 
simulated hand-thrown bricks and have the 
capability of being expanded to over 15 
million bricks per year. The company cur- 
rently produces only conventional facing 
bricks and shapes. In another heavy clay 
event, Redland PLC announced its acquisi- 
tion of the Staffordshire-based Rosemary 
Brick and Tile Co. from Thomas Wragg and 
Sons. The acquisition is in-line with Red- 
land's worldwide expansions into heavy 
clay products, following the takeover of an 
Australian tilemaker in 1982. The new com- 
pany also gives Redland access to the Mid- 
lands markets. 

A new line of coated mineral fillers, for 
use in manufacturing wire cable insulation, 
was introduced by ECC International.” The 
coated fillers are manufactured from a 
high-purity calcined kaolin for use either as 
a sole filler or in combination with other 
fiber additives. 
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Table 27.—Kaolin: World production, by country! 


(Thousand short tons) 
Country? 1980 1981 1982 1983” 1984* 
Algerie: 5222 20 lnc d duc E 9 21 17 19 39 
, EP ere eee 101 14 80 160 155 
Ü˙ ae ee e es E 241 188 168 1 9220 215 
Austria (marketable) |... 2 2222222222. 92 87 85 92 92 
Bangladesh 12 11 6 3 34 
Helhnum 2c. ß 5c 2 A e 61 60 58 66 60 
Brazil (beneficiated) |... „„ 452 518 544 463 495 
III ³ K ³ð2—àà3ĩ³) ĩ hag peas 229 244 261 267 265 
Burundi L-a 2 2 2 34 4 
Chile eeaeee a a a a a e a E 66 63 23 45 44 
Colombia - -—---------->------—---—-—————— 867 893 943 840 880 
Costa Rice =c enu o te ee a 1 1 1 1 1 
Czechoslovakia |... 22 22 ccc clc ee 1565 560 581 790 660 
Denmar kk 22 22 22 22 22 
ECUBdOR. se oi ee ee eS ee E ud uit. 4 3 5 1 1 
E 225: c MP ͤ JVA 45 35 55 110 182 
Ethiopia (including Eritrea ))) 61 10 10 10 10 
Francs" uae ⅛ðZ=v ĩð D ae 873 365 858 880 885 
German Democratic Republic (marketable)®_________ 220 220 230 220 190 
Germany, Federal Republic of (marketable) b 553 523 500 448 495 
Groote 22 ³ een i li E EAE E 47 47 47 67 67 
Hong Kong- - - - - - - - - -- - --- ⁰⁰AAAAA ⁵ 8 1 9 (9) 1 (9 
I due ume E Mum ce E 57 58 50 41 42 
India: 
Salable, crude |... kn $91 432 585 610 3687 
Process 116 126 *110 *110 110 
or ³ IUe 83 89 85 66 77 
e e ß es 165 110 121 110 110 
Dral v o S oto y Rer UP 10 41 13 30 
tay 
GG eee 98 82 59 58 55 
Kaolinitic earth 90 84 32 28 28 
JJ))õôÜ˙·˙àqy“gÜUTj eruta cuc EL E 252 232 218 254 3248 
On NNNM 2 N 1 1 1 
Korea, Republic of -—-- -------------------- r687 1766 690 754 716 
s cll dni ĩðV—. 0:0 8 2 3 r eg 8 
Malata caossu anann cu 51 49 49 63 80 
J)ßõöĩÄõẽ ³ ² 88 229 190 179 180 
Ms... de (") £) (?) (0 E 
New Zealand... 22 2222222222 22222222 51 54 26 26 28 
ß iL DE A E os 1 1 1 1 1 
Pakistán —————-- d mut 8 30 42 46 26 28 
PAIBEURy.—— 5222202220022. c. ee 55 77 *61 50 48 
Perü s oo o e ³Ü¹ÜW¹A ³ eu LL 36 7 7 7 7 
h ⁰o·üſ ee LL C 56 47 51 54 55 
POHMUgal. mucius wm Au M E r92 58 56 63 66 
Romania? nemus uisu eL e NE. 3444 452 452 452 452 
South Africa, Republic ohlW'WLSsss „ 119 165 141 143 3149 
Spain (marketables 109 1872 763 r 0753 772 
m LANKA 2 nuc ð 8 d 7 8 9 9 9 
Juris essen presses er (?) e) (0 (7) Lr 
TOWN 2326 62 ee ee eet E E tds 88 100 96 113 388 
/öö%öõĩw1 . 1 1 1 3) 1 
FR Ao i sh Mic 22 16 20 40 365 
Türkiy sonan nena a aire: e55 49 *50 *60 361 
US SR a . o bo toL ix Lt LC 800 2,900 2,900 8,100 
United KingſdUmumuu l22--2 4,370 4,189 8,922 8,000 4,500 
United States 7,879 1,660 6,362 7,208 37,953 
Venezuela 24 12 r12 25 
Vietnam®___________________ sss2a 1 1 1 1 1 
(/// ˙“’(fwum y 217 248 258 265 275 
Zimbabwe oc ß . ne RET A 5 5 3 1 1 
1J%/%/ôöÜ˙¹⁵Üg cua LC cau E ee T23,256 123,132 21,500 21,656 24,298 


1Table includes data available through July 9, 1985. 
In addition to the countries listed, China, Lebanon, Mozambique, and Suriname also produced kaolin, but information 


is inadequate to make reliable estimates of output levels. Guatemala and Morocco each produced less than 500 short tons 
in each of the years covered by this table. 


* Reported figure. 

*Data for year ending June 30 of that stated. 

5Includes kaolinitic clay. 

Less than 1/2 unit. 

"Revised to zero; see footnote 2. 

Includes crude and washed kaolin and refractory clays not further described. 
9Sold or used by producers. 
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Table 28.—Bentonite: World production, by country! 
(Short tons) 
Country? 1980 1981 1982 1983P 1984* 
Algeria hc ß LE hs ee 438,162 8, 38,600 33,100 21,000 
i;; ⁰ ees 144, 826 135,274 135, 864 149,439 143,300 
Australia 12,112 118,635 32,201 r €33,100 33,100 
Brazil `-——-----------------—--——-——— 213,322 183,356 180,845 141,857 148,800 
Bürmá a %o 1 ¹ 2A... 1.485 2,554 1,613 783 4783 
e ß edu 126,455 151, 809 14, 330 33,069 435,715 
Bg enl ð v 5,700 5,700 5,700 12, 800 3, 300 
PranoB õ³˙˙Ü¹¹æỹ¹1ꝗꝛ ⁰ d 13307 73,3077 3,621 3,407 43,307 
Greece - ß uu Lc ELLE 553,225 343,862 343,921 759,427 4771, 617 
Guatemala 2, 900 2,750 2,750 8, 800 9, 900 
Hungary 85,633 88,770 93,624 81,972 *88,185 
Ian coe ioci y . Ru MM 22,000 11,000 12,100 711,000 11,000 
Israel (metabentonite) _________________ 20,195 13,868 13, NA NA 
J)JJÜ˙⁰˙Ü ee eee T365,967 305,340 261,611 321,183 4343,131 
F ee d E 604,421 564,141 533,993 486,034 458,532 
VN OHNO aes a et i Se i LL E 194,037 243, 203,837 188,649 192,900 
Moroccg «„ 3, 620 3, 203 4,913 4,514 42,012 
Mozambique 1,650 1,650 1,650 1550 550 
New Zealand (processed 3,307 2,078 6,856 2,158 2,205 
EEOSE a al eee eng eens 1,658 1,246 1,022 1,178 1,900 
!ôö§;— i ⁰⁰ꝛ 8 20,062 33,620 *34,200 *34,200 85,300 
Philippines .—- 2. 222--22522222222 5,510 6,092 5,149 1,477 3,300 
Poland? __________________________ 55,000 55,000 171,000 771,000 11,000 
Romanian. 194,558 *194,000 192,904 195,109 4198, 416 
South Africa, Republic of 54,912 48,912 33,981 43,573 146,131 
JJ%%%»ö;—é xx : eee ie 107,701 129,712 132,271 90,996 488, 185 
Tanzania -soban ⅛ð y ms 188 55 k 83 
Turkeyhhõjõc 22,000 433,827 34,200 34,200 430,967 
United States 4,184,619 4,947,000 3,244,800 2,886,870 3,154,464 
Zimbebwe 4 ee ee ee eee eee 76, 228 86,424 94,236 69,552 11,200 
Total «xz ͥ EE A c e EE. r7 084,726 r7 554,854 5,741,087 5,708,080 5,988,283 


Estimated. Preliminary. Revised. NA Not available. 
Table includes data available through July 9, 1985. 
An addition to the countries listed, Canada, China, the Federal Republic of Germany, the U.S.S.R., and Yugoslavia are 


believed to produce bentonite, but output is not reported and available information is inadequate to make reliable 
estimates of output levels. 


Includes bentonitic clays. 
“Reported figure. 
Includes bleaching earths. 
Sold or used by producers. 


Table 29.—Fuller's earth: World production, by country: 


(Short tons) 
Country? 1980 1981 1982 1983P 1984* 

Algeria - eere - __ oe " 33,858 
Argentinn anz. 5,205 5,783 13,002 7,431 7,200 
Australia De atari) eene e—s (9 Sa 16,280 r €16,500 16,500 
•§Ü⁰ͤ . tr 4,740 6,057 “6,000 r 65,500 5,500 
JJ%%%///)%GAßͤ ĩ³⁰— Ag ³ A 8 62,675 12,061 46,835 45,821 46,000 
Morocco (smectitee·ĩẽhẽ D 19,213 21,771 27,121 30,187 336,824 
Pakistan oe et es as 966 22, 66 15,557 19,272 19,300 
Senegal (attapulgitehy');; j) 4,385 55,116 109,128 110,644 3127,315 
EXE Africa, f FCC 794 478 344 v 
United Kingd e MET EM NOD S 52,933 52,059 41,318 45,916 44,000 
nited Kingdom 231,485 225,974 261,861 294,317 320,000 
United Sending EC eRe a eee 8 1,533,802 1,655,854 1,682,655 1,911,684 1,899,145 
Total one ͤ ³ĩð³AA tee 11,942,198 2,117,820 2,232,100 2,487,512 2,525,642 

*Estimated. Preliminary. ‘Revised. 


1Excludes centrally planned economy countries, some of which presumably produce fuller’s earth, but for which no 
information is available. Table includes data available through July 9, 1985. 
In addition to the market economy countries listed, France, Iran, Doe pni and Turkey have reportedly produced fuller’s 


earth in the past and may continue to do so, but output is not repo d available information is inadequate to make 
reliable estimates of output levels. 


«Reported figure. 
*Revised to zero. 
5Sold or used by producers. 
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TECHNOLOGY 


The Bureau of Mines published the re- 
sults of clay-related research at its facilities 
in Boulder City and Reno, NV, and Tusca- 
loosa, AL. Two Boulder City research re- 


ports concerned the alumina miniplant op- 


erations for the hydrochloric acid (HCl) 
extraction of alumina from calcined Geor- 
gia kaolin. One report, a bench-scale study, 
indicated that horizontal belt filtration was 
a highly practical method for separating the 
siliceous residue from the aluminum chlo- 
ride liquor generated in the leaching step.”’ 


Miniplant-scale continuous testing evalu-. 


ated the filter circuits and compared filtra- 
tion response of different kaolin feed mate- 
rials and of different agitator-baffle designs 
in the leaching reactors. Soluble alumina 


recovery with a single filter ranged from 


94% to over 99.5% when a thickener and 
another filter was employed for optimized 
feeds. The other report showed that degra- 
dation of calcined kaolin particles during 
reactor leaching by the clay-HCl miniplant 
process and subsequent reduced alumina 
extraction was caused primarily by me- 
chanical attrition.» Chemical degradation 
during leaching was minor. Installation of a 
Bureau of Mines-designed, custom-made im- 
peller, improved baffling, and subsurface 
discharge of slurry from each reactor de- 
creased the problems of coarse solids accu- 
mulation and formation of excessive fines, 
which reduced alumina extraction. The Re- 
no study detailed the recovery of alumina, 
also from calcined Georgia kaolin, by an 
HCl sparging process. 

The study reports on a modification of a 
process that involves a double-leaching sys- 
tem. The first leach of the calcined clay is 
made with as high strength HCl as possible, 
so that the dissolution of the aluminum 
chloride hexahydrate is suppressed, thereby 
removing most of the impurities but leaving 
the aluminum, which is soluble in the 
strong acid. The second leach in a weaker 
acid is shown to be both technically feasible 
and practical by eliminating the need for 
solvent extraction to remove iron and the 
recrystallization steps in the standard 
double-leaching HCl-clay process. The work 
includes not only a flowsheet incorporating 


common elements of the new approach and 


the standard process but also a preliminary 
economic evaluation that proves favorable 
for the new modification. 

The Tuscaloosa investigation, a part of 
the long-range Bureau of Mines effort to 
dewater fine-particle clay wastes, reports on 


the effect of ion exchange on the rheological 
properties of ion-exchanged montmorillon- 
ite clays.*? Viscosity measurements on the 
clay slurries indicate that univalent ion- 
exchanged montmorillonites had signifi- 
cantly higher viscosities than multivalent 
exchanged clays. The magnitude of viscosity 
components was further found to be depend- 
ent upon the floc volume, a parameter 
controlled by the degree of particle interac- 
tion, and thickness of the individual mont- 
morillonite platelets (tactoids). This type of 
research holds potential for improvements 
in quality, new physical properties, and 
even designed physical and chemical pa- 
rameters of clays, which could lead to their 
successful beneficiation by conventional 
techniques. 

The U.S. Geological Survey (USGS) re- 
ported the geological descriptions of kaolin, 


. refractory clay, ball clay, and halloysite in 


North America, Hawaii, and the Caribbean 


regions! This comprehensive geological 


study included mineralogical definitions, 
the types of clay deposits, and the history, 
production, and uses from the regions and 
46 commercial sedimentary, underclay, and 
residual clay districts. The work also includ- 
ed X-ray crystallographic data, differential 
thermal analyses scans, chemical analyses, 
and electron micrographs for each of the 
different clay types. Maps locating the do- 
mestic deposits and selected generalized 
and/or geological sections were also includ- 
ed. Similar definitive studies were publish- 
ed by the USGS on the white clays of Penn- 
Sylvania,?? and ball clay and bentonite de- 
posits of the central and western Gulf of 
Mexico Coastal Plain, which are of commer- 
cial importance. A detailed map pinpoint- 
ing the active and inactive domestic benton- 
ite and fuller's earth mines and accom- 
panying plants was also released by the 
USGS.** A listing of the major clay produc- 
ers by State, county, and major industrial 
application was provided. Another study by 
the USGS details a procedure for the rou- 
tine identification of samples containing 
clay minerals.“ The procedure using X-ray 
diffraction techniques in conjunction with 
centrifuges, ultrasonic generators, and po- 
rous tiles, for orientation purposes, and 
its accompanying chemical determination 
methods are innovatively detailed in a 
flowsheet resulting in positive clay mineral 
identification. . 

An overview of raw materials supply for 
ceramic whitewares was published.“ The 


CLAYS 


article highlighted the entire range of prod- 
ucts in ceramics from structural clay prod- 
ucts to high-tech ceramics and related them 
to the one common factor that binds them 
together, clays. The article also takes an 
indepth look at each of the ball clays and 
kaolins used in tableware, sanitaryware, 
and electrical porcelain manufacturing. 
Feature sections were also included on typi- 
cal chemical, physical, and mineralogical 
analyses df these clays, as well as the prin- 
cipal producers in the United States, the 
United Kingdom, and to a lesser extent, the 
rest of the world. An analogous study re- 
stricted to the structural clay products in- 
dustry within the United Kingdom was also 
released.“ This work discusses the raw 
materials required in manufacturing, vari- 
ous technical aspects of production meth- 
ods, major producers, and market trends for 
clay bricks, clay roofing tiles, and vitrified 
clay pipes. The report featured a diagram- 
matic flowsheet for a typical modern, fully 
automated, extruded clay-brick plant. 

Comprehensive reports on the produc- 
tion, major operating companies, produc- 
tion flowsheets, mining methods, geology, 
and marketing of industrial minerals, 
emphasizing clays, were published for 
Canada, Cyprus, e the Republic of Korea,“ 
and the United Kingdom.“! The Canadian 
article highlighted the recent industrial 
minerals developments in each of the pro- 
ducing Provinces, while the South Korean 
study dealt mainly with ceramic - quality 
clays. The article on Cyprus had a special 
technical section on the production of 
sodium-exchanged bentonite from its indig- 
enous calcium bentonites. The publication 
on the United Kingdom featured the recen£ 
mining and processing developments by the 
major ball clay, kaolin, fuller's earth, struc- 
tural clay, and refractory producers and/or 
manufacturers. 

The planning and execution of a practical 
program of clay prospecting was described.*? 
Included in the program are preliminary 
studies, surface exploration, subsurface ex- 
amination, sampling, field tests, mapping, 
and reporting. Mention is also made of a 
seismic exploration method that appears to 
be promising. The economics of mining, 
producing, and marketing a high-quality 
Western sodium bentonite was presented in 
a brief report. The report reveals that 
commercial deposits average 3 to 4 feet in 
thickness and 5 to 50 acres in area, with 
overburden limited to about 50 feet. 

The use of direct oxygen injection into an 
eight-wide, continuous-push tunnel kiln to 
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enhance carbon burnout was investigated.** 
Implementation of an oxygen enrichment 
system, which resulted in improved produc- 
tion and reduced brick losses, due to carbon 
contamination, was discussed from both 
technical and economic viewpoints. A dila- 
tometer laboratory method for optimizing 
the firing temperatures for clay brick, with- 
out either melting or undesirable deforma- 
tion, was developed.* The research showed 
that the length of alpha-to beta-quartz inver- 
sion coupled with the amount of residual 
shrinkage could be used to determine the 
original firing temperature of the bricks. It 
was suggested that this method be utilized 
to determine the firing temperature of the 
brick as an index for quality control pur- 
poses. Controlled additions of ceramic waste 
sludges from tile glazing lines was found to 
be effective in eliminating the formation of 
water-soluble efflorescent salts, on brick 
surfaces, prepared from calcareous clays.“ 
The research, while showing the technical 
basis for the efflorescent problem and its 
solution, revealed that a small increase in 
operating costs was more than compensated 
for by the increased value of the products, 
especially when used in outside load-bear- 
ing walls. 

A reformulation technique for ceramic 
whiteware bodies, containing significant 
amounts of kaolin and clay, was developed 
that permits the ready substitution of raw 
materials by simply matching predetermin- 
ed physical, chemical, and mineralogical 
parameters." Linear programming con- 
cepts were used in these computer-assisted 
calculations. The input for this technique 
consists of property specifications and char- 
acteristics of the pertinent raw materials. 
The program is particularly effective in 
selecting raw material quantities to mini- 
mize cost and to maintain or modify proper- 
ties for consistently high-quality competi- 
tive products. 

Results from an initial survey of plastic 
refractories made largely from calcined ka- 
olin aggregates revealed that aggregate 
type and grain sizing, as well as bonding 
agents, either clay, sulfate, or phosphate, 
were directly responsible for product degra- 
dation during service. Research of this 
type, relating and analyzing fracture prop- 
erties of superior and poorly performing 
refractories, should result in upgrading the 
performance of plastic refractories. An arti- 
cle discusses and lists the chemical and 
physical characteristics of different mate- 
rials, such as clay-bonded graphite and 
brown-fused alumina crucibles, for lining 


268 


coreless furnaces used in melting nonfer- 
rous metals.“ This report stresses both the 
monolithic refractories used in crucible 
manufacture and the optimum design of 
crucibles for selected nonferrous melting. 
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Cobalt 


By William S. Kirk? 


Domestic cobalt consumption increased 
for the second consecutive year after 4 
consecutive years of decline, approximately 
paralleling general economic conditions. 
Reported consumption rose to 12.9 million 
pounds, and calculated apparent consump- 
tion rose to 17.9 million pounds. The event 
that had the most impact on the cobalt 
market during the year was the steep rise 


in spot prices in March and the apparent 
subsequent price stability. The produc- 
er price remained at $12.50 per pound 
throughout the year. Although there was no 
domestic mine production of cobalt, one 
domestic refiner produced cobaltous hy- 
droxide from imported nickel-copper-cobalt 
matte. 


Table 1.—Salient cobalt statistics 
(Thousand pounds of contained cobalt unless otherwise specified) 


1980 
United States: 
Consumption, reported _.._.______- 15,321 
Imports for consumptioůnnnn 16,302 
Dec. 31: 
8 TENEMUS 8 2,540 
ENIE EEA EEEE A ened 1,696 
Price: Metal, per pound____._______ $25.00 
World: Production? ____.__..._____- 169,076 
— on weighted average of Metals Week prices. 
on estimated recovered cobalt. 
Legislation and Government Pro- 


grams.—In April, the Defense Production 
Act was extended through September 30, 
1986, and was particularly important to 
cobalt because it provided a legislative basis 
for the development of alternative mineral 
supply measures. Partly as a result of this 
legislation, cobalt had been produced do- 
mestically, and production could be resum- 
ed under its provisions. 

The General Services Administration 
(GSA) awarded a contract to Inco Ltd. of 
Canada to provide 500,000 pounds of cobalt 
to the National Defense Stockpile. At $11.70 
per pound, Inco's bid was $0.70 higher than 
that of Metal Marketing Corp. of Zambia 
Ltd. However, under GSA's solicitation, 
Inco received priority consideration owing 
to Canada's status as a signatory of the 
General Agreement on Tariffs and Trade. 


1981 1982 1983 1984 
11,680 9,468 11,319 12,944 
15,594 12,870 17,221 25,310 

1,411 1,327 1,441 1,868 
1,519 1,161 1,366 1,781 
1$14.58 1$8.56 1$5.76 1$10.40 

67,790 53,508 P52,890 68,490 


The contract specified that the cobalt be 
delivered within 1 year of initiation of the 
contract (September 26, 1984), and be sup- 
plied in the form of electrolytic rounds. 

The U.S. Geological Survey and the State 
of Hawaii formed a joint task force to 
consider the economic potential and envi- 
ronmental impact of mining the cobalt- 
containing manganese crusts in the 200- 
nautical-mile zone surrounding the Hawai- 
ian Islands. The goal of the task force was to 
establish a working relationship between 
State and Federal authorities to permit the 
potential leasing, exploration, and develop- 
ment of the deep sea mineral deposits. In 
other Government actions concerning sea- 
floor mining, (1) the United States joined 
seven other nations in signing a Seabed 
Mining Agreement, which established the 
framework of seabed mining claims for 
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those countries; (2) the National Ocean- 
ic and Atmospheric Administration an- 
nounced that exploration licenses had been 
issued to four firms pursuant to the Deep 
Seabed Hard Mineral Act; and (3) also in 
accordance with the act, the Environmental 
Protection Agency issued the final general 
discharge permit under the National Pol- 
lutant Discharge Elimination System for 
ships exploring or mining the deep-sea 
beds under the auspices of the Federal 
Water Pollution Control Act, in the 200- 
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nautical-mile zone surrounding the Hawai- 
ian Islands. 

In passing the California Wilderness Act 
of 1984, the U.S. Congress specifically 
excluded from wilderness designation an 


. area in which nickel-cobalt laterites were 


found in northern California. Instead, the 
law directed the U.S. Forest Service to 
manage the North Fork Smith roadless 
area in the Six Rivers National Forest for 
multiple use. The California Nickel Corp. 
deposits are located in the area. 


DOMESTIC PRODUCTION 


The AMAX Nickel Refining Co. Inc. 
nickel-cobalt refinery at Port Nickel, LA, 
closed for 5 weeks in midsummer. The 
facility was closed owing to the soft nickel 
market. Toward yearend, a Canadian cobalt 
producer opened negotiations aimed at ob- 
taining the majority of the nickel-copper- 
cobalt matte produced by Bamangwato Con- 
cessions Ltd. (BCL) of Botswana. BCL pro- 
vided some two-thirds of the AMAX refin- 
ery s feedstock. 

Carolmet Inc., a producer of extra- fine 
cobalt powder near Laurinburg, NC, began 
producing cobalt nitrate and cobalt chlo- 
ride. The Belgian-owned facility had a nom- 
inal capacity of 330,000 pounds per year of 
contained cobalt for each product. Carolmet 
processed cobalt of Zairian origin. 

Small-scale exploratory work by Califor- 
nia Nickel on the Gasquet Mountain nickel- 
cobalt laterite deposit in northern Califor- 
nia was halted by the U.S. Forest Service. 
The company, in its 1984 operating plan, 
had proposed to remove about 25,000 short 


tons of ore from three test pits at the site, 
sort the ore, and truck it to a pilot plant. 
The Forest Service advised California Nick- 
el that, to comply with the National Envi- 
ronmental Protection Act, the company had 
to revise and expand its environmental data 
concerning the impact of such testing. After 
submission of an environmental impact 


statement and a 45-day waiting period, the 


Forest Service approved the 1984 operating 
plan. However, a number of environmental 
groups requested an administrative review. 
At yearend, the plan was still under admin- 
istrative appeal, and none of the proposed 
operations had been implemented. Reacti- 
vation of the full-scale mining proposal was 
awaiting submission of additional environ- 
mental data from California Nickel. 
Interstrat Resources Inc., Vancouver, 
British Columbia, announced the results of 
new exploration surveys of the Pine Flat 
site in northern California. The surveys 
indicated a deposit of 25,000 tons of laterite, 
grading 0.78% nickel and 0.61% cobalt. 


Table 2.—U.S. cobalt products: produced and shipped by refiners and processors 


(Thousand pounds) 
1983 1984 
Production Shipments Production Shipments 
Gross Cobalt Gross Cobalt Gross Cobalt Gross Cobait 
weight content weight content weight content weight content 
Driers (organic com- 3 
Hidmtetydxido--.- N 190 Na 140 NA 128 N 120 
Ma oom 206 206 NA NA n me NA NA 
Salts? (inorganic com 
pounds) NA 667 NA 643 NA 942 NA 803 
r 206 3.232 NA 3,171 NA 3,499 NA 3,322 
NA Not available. 


Figures on oxide withheld to avoid disclosing company proprietary data. 
Various salts combined to avoid disclosing company proprietary data. 
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CONSUMPTION AND USES 


Reported cobalt consumption increased 
for the second consecutive year after 4 
consecutive years of decline. As in 1983, the 
increased demand was largely the result of 
improved economic conditions. 


Apparent consumption, calculated from 
net imports, secondary production, and 
changes in industry and Government 
stocks, increased to 17.9 million pounds, 
14% more than that of 1983. 


Table 3.—U.S. consumption of cobalt, by end use 
(Thousand pounds of contained cobalt) 


End use 1983 1984 
Steel: 
FFII tle ae ho cee he is W W 
High-strength, low-alloy ______________________-~~__~______--~_---~- W W 
Stainless and heatresisting _____________________________~__-~-_~--__- 54 74 
) Pf.. dd A E 248 353 
h;; a cuc ud iiie LET ⁰y 4,034 4,166 
Alloys (excludes alloy steels and superalloys): 
tting and wear-resistant materials 666 831 
Magnetic alloys ----------------------------------—-----—----—- 1,711 2,209 
Nonferrous allohasas s!!! 169 176 
Welding materials (structural and hard-facing |. - - „„ 472 399 
Other alloys , . e cna ee IM LEE ees dE 72 15 
Mill products made from metal powdeerrrrrrnrrrrr „„ W W 
Chemical and ceramic uses: 
n ß e ß c erp SED 1.064 1.296 
Drier in paints or related usage „ 1.503 1.258 
Feed or nutritive additivee”?kkux „„ 51 58 
Glass hh ³ꝛ¹w-w-- ³ ³ AA. eg D 41 41 
Gen ⁰y eu etate E. aie 651 617 
/ ³·¹w cc tu LU puse es Lu A PM ELS 366 417 
Miscellaneous and unspecified ______________________________________ 217 434 
17 eme. ni Am bU LA ee i EM ⁵³⅛üA]. ð ĩͤ oe ETE 11,319 12,944 
W Withheld to avoid disclosing company proprietary data; included with Miscellaneous and unspecified.” 
1Cemented and sintered carbides and cast carbide dies or parts. 
Table 4.—U.S. consumption of cobalt, by form 
(Thousand pounds of contained cobalt) 
Form 1980 1981 1982 1983 1984 
Chemical compounds (organic and inorganic) 
other than oxide Er 2,475 2,421 1,643 2,297 2,226 
.. ere 10,825 7,450 6,055 7,165 8,746 
;ö;ð²ĩd mv eee eee 441 557 732 938 915 
Purchased scrap _______________.__ 1,183 972 871 123 879 
Otero e or oL Ie. Ue 397 280 167 196 178 
%%%ͤöĩ7«“ ... 8 15,321 11,680 9,468 11,319 12,944 
PRICES 


The listed producer price for cobalt cath- 
odes remained at $12.50 per pound since 
1982 but is no longer a price standard. The 
spot price for cathodes began the year at 
$6.25 per pound and rose gradually until 
March, when it leaped from $7.10 per pound 
to $11.80 in the period of a week. 

The sudden price increase was attributed 
to dealers who had sold cobalt, which was 
not in their inventory, to be delivered 
months later. These dealers had assumed 


that cobalt would continue to be available 
on the open market. Zaire and Zambia 
stopped allowing their cobalt to be sold on 
the open market, causing the supply of 
cobalt on the open market to begin to dry 
up. Dealers were forced to buy cobalt at 
higher prices to fill their orders, and prices 
began to creep up. In March, a temporary 
tightness in the cobalt supply caused a 
minor panic, and prices shot up. The price 
probably would have gone higher had Zaire 
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and Zambia not set a uniform price of least an unofficial producer price. 


$11.70 per pound. 

Later in the year, an official of Afrimet 
Indussa Inc. said that Zaire was strongly 
committed to a policy of preventing co- 
balt prices from falling below $11.70 per 
pound. Shortly thereafter, an official of La 
Générale des Carriéres et des Mines du 
Zaire (Gécamines), the Zairian state-owned 
mining company and marketing agency, 


stated that Zaire was also strongly commit- 


ted to a policy of keeping cobalt prices from 
rising above $11.70. The company official 
also mentioned some of the measures that 
Zaire was willing to institute to enforce this 
policy. Zaire seemed to have adopted at 


Table 5.—Yearend published prices of 


cobalt materials! 
(Dollars per pound) 
Material 1982 1983 1984 
Cobalt: | 
Cathod es 75 36.03 $11.50 
Pine OF o o ons sc 16.36 10.11 16.53 
„ ke re EUREN M 12.30 6.91 13.24 
Cobalt oxide: 
Ceramic-grade (70% cobalt) 8.74 4.90 9.40 
5 (72% 17 8.99 5.04 9.66 
etallurgical- grade (7 
cobalt 5.21 9.86 


FOREIGN TRADE 


Afrimet Indussa and Mooney Chemicals 
Inc. entered into an agreement to provide 
for a joint effort in the production, distribu- 
tion, and sales of cobalt salts in the United 
States. Afrimet Indussa was the exclusive 
sales agent in North America for Zairian 
and Belgian cobalt (Belgian cobalt originat- 
ed in Zaire). The company was to supply 
cobalt salts from Métallurgie Hoboken- 
Overpelt SA (MHO), a Belgian metals proc- 
essor, and from Carolmet in Laurinburg, 
NC. Mooney, based in Cleveland, OH, also 
produced cobalt salts. (See "World Review 
Belgium.’’) 

Exports of unwrought cobalt metal and 
waste and scrap totaled 952,000 pounds, 
gross weight, with an estimated 671,000 
pounds cobalt content, valued at $7.7 mil- 


lion. These exports were shipped to 37 


countries, with the following, in descending 
order, receiving the largest quantities: Ja- 
pan, Belgium-Luxembourg, the Nether- 
lands, the United Kingdom, and the Federal 
Republic of Germany. Exports of wrought 
metal totaled 455,000 pounds, gross weight, 
valued at $5.1 million. Of the 34 countries to 
which wrought cobalt was shipped, the 
major recipients, in descending order, were 
the Netherlands, Canada, the United King- 
dom, and Norway. 

Cobalt imports originating in south- 
central Africa, that is, imports from Bel- 
gium-Luxembourg (Zairian origin), Botswa- 
na, the Republic of South Africa, Zaire, and 
Zambia, represented 71% of total cobalt 
imports compared with 68% from that area 
in 1983. 


Table 6.—U.S. imports for consumption of cobalt, by class 
(Thousand pounds and thousand dollars) 


1982 


Metal: 
Gross weight 


Cu weight 
Cobalt content® 


Gross weight 
Cobalt c „„ 


Cobalt contenh———— „ 
Value 


— -—  — em ame om me ewe — — —— —ę— —— es a —— ED m — 


1983 1984 
NNNM 11,610 15,853 23,316 
5 11.610 15,853 23,816 
55 $137,652 3110076 3202954 
"OS 362 403 106 
Cus qui 268 298 522 
5 $2,560 315813 $5,285 
rM 1.940 1,671 2.284 
5 404 502 685 
* 32.650 $2,244 $5,371 
aed 588 568 787 
355 34.552 $1,969 $4,193 

12,870 17,221 25,310 


NT R N AA E E .. —.. ——.— .—— RN NE — w LET CR OR MENO TR n 


* Estimated 
Includes unwrought metal and waste and scrap. 
* Contained cobalt in nickel-copper and nickel matte. 


273 


COBALT 


"BUBMS}IOG 
pue amen uj sj1odur 10j (9338U1 J0j 10498} pe1eurnse) 9'0 Aq pordu “PRET 103 punod 1ed op'or$ PUB 8861 103 punod 1ed 9% jo So, ezau 3[eqoo SUA poqu3ro^ uo poseg, 
nun g/T uey} sse 
‘Guipunol 1uepuedepur jo esneoeq UMOYS e[8303 03 ppe jou Aew — 
eq peurejuoo poz Ul! oy, 
‘S911JUNOD SutureureJ BY} WOJ peyodull ei spunoduiroo pue sj[eS "&UeASjOq pue erejsny uro 3348W [oxoru pue 1eddoo-[exotu ut 3[eqoo peutejuoj 
qusquoo 3[eqoo e18orput YOU op eprxo 3[eq09 103 SSD 349194 85040. 
d ios pus os pus feyoul zyfnoImun sSepNnfou], 


018 9e Ico L1 €9T'O1 oL¥'T (ACA. 0L0'1 Ggo'S 90L £I8'l 807 596808 918˙85 910'011 888˙ hh 31 


|t Ze uU M e a nis E TA i T 851 88 TTT TTT TTT TT Teaqequz 
96L'S LYE ER TUE "o rum v T AR ES 299'62 96L'€ 926 el le.? r 5 Loi" 
CLL Il EZL'L 6el H 9 Z 912 95 Kg "m ZLUSOT — S2L TT 880˙89 IZL‘L ee 512 
898 198 LYS. 89 eT ec 998 PL LL9 ppl 8762 685 909 Lec wopsuly pejtuf) 
vas. 881 868˙l 982 182 981 5 -> > is 88 68 gud us -- joonqndey 'eongy ymos 
c8e'T LOL em "d rå (9) ES Du m ua 818˙9 888˙1 868˙8 . eI ABMION 
voc LOS LS Z Le 8 pit in ze pue v62 6 c 0€ 1¥G‘Z 666 spue[1eu19N 
882 897 881 pl 65 et ed E 0c H PEL'T vec BETZ zp TT uedef 
Ul 6L 965 89 992 68 FFE Ly 91 Z 188 69 LSE . ne "E. 
orqndey fp, 'AuetiLter) 
toe 16 SI I 59 21 OF e er nm eee T 862 OFZ 6L C (( 
896. LIO'T im a et T oe vid sia a 865˙6 896 811˙9 110,1 dr i DUBIE 
82re 0961 SLI, ce L¥Z 0 1857 11 16 61 910˙62 PHOS 9LL'TI 988'1 id --- epeue) 
698 007 295˙8ʃ 699 168˙1. 007 i ae i UE T Tum in „ a MR GUY vun 
65 EZI'T 905.8 toc 850˙⁰¹ 891 819˙8 995 68L 181 Le'6 £06 695˙9 918 ---- funoquiextvT-umnt[og 
gez 891 IFe'T, SIZ 818. 891 (9) (9) x m 28 eT TUA pe EEG E NUMEN ei e3sny 


861 S961 amea Ff, oA regop EA Mou) on Toi) MPA Moi) anA 019 
ez u00 7861 8861 7861 8861 7861 £861 ee 
OL g8U110) 19470 PXO IPN 


(&reqjop pussnou pue spunod pussnou L) 
K13unoo Áq *3[eq09 Jo uorduimnsuoo 10} sy10dumn ‘S'N L 9IQS.L 


274 MINERALS YEARBOOK, 1984 
Table 8.—U.S. import duties for cobalt 
ite TSUS Most favored nation (MFN) Non-MFN 
E No. Jan. 1, 1984 Jan. 1, 1987 Jan. 1, 1984 
Alloys, unwrought _________-~ - 632.86 9% ad valorem ... 9% ad valorem .. _ 45% ad valorem. 
Chemical compounds: 
Oxide A 88 418.60 1.2 cents per 1.2 cents per 20 cents per 
und. pound. pound. 
Sulfate 418.62 1.4% ad valorem _ 1.4% ad valorem _ 6.5% ad valorem. 
Other h. m a 418.68 4.9% ad valorem _ 4.2% ad valorem _ 30% ad valorem. 
Ore and concentrate 601.18 Free ree eo Free. 
Unwrought metal, waste and scrap _ 2. uuu oH. ces e c 
WORLD REVIEW 


Australia.—Production at the Greenvale 
nickel-cobalt mine in Queensland was in- 
creased from 50% to 70% of capacity. The 
mine, jointly owned by Metals Exploration 
Ltd. and Freeport Queensland Ltd. had 
been producing at one-half of its capacity 
since March 1983 owing to general softness 
in the world nickel market and the expira- 
tion of contracts with some of Greenvale's 
customers. 

Belgium.—MHO and Gécamines re- 
structured the terms under which MHO 
would process Zairian cobalt. Under the 
former, longstanding arrangement, MHO 
acted as a toll processor for Gécamines. The 
new arrangement, which was to become 
effective January 1, 1985, specified that 
MHO would purchase its cobalt outright for 
the production of cobalt salts, oxides, and 
powder. The 3-year contract also specified 
that MHO would receive roughly the same 
quantities as in the past. Reports indicated 
that the company would receive a discount 
on the cobalt it purchased from Zaire. For 
its part, Gécamines was reported to have 
ended the old agreement to improve its cash 
flow situation. Carolmet, which had former- 
ly also been a toll processor for Gécamines, 
was to process cobalt owned by MHO. 

Brazil.—Cia. Níquel Tocantins reportedly 
was planning to begin cobalt production in 
1985. Significant concentrations of cobalt 
are found in several Brazilian States in 
nickel laterite deposits. Brazil was totally 
dependent on imported cobalt. 

Canada.—Falconbridge Ltd. was seeking 
additional sources of feed for its smelter 
in Sudbury, Ontario, and its refinery at 
Kristiansand, Norway. Both facilities were 
operating below capacity. In Sudbury, 
Falconbridge produced its own  nickel- 
copper-cobalt matte, which was sent to its 
refinery in Norway for treatment. However, 
the Kristiansand refinery could treat more 


matte than could be produced by Falcon- 
bridge's Canadian operations. 

The company's first step in developing 
other sources of feedstock was to set up a 
new partnership called Falconbridge Trad- 
ing Associates Inc., which was to be based in 
Stamford, CT. This was a joint venture 
between Falconbridge Metals Inc., a wholly 
owned U.S. subsidiary, and Alloys & Car- 
bides Inc. of Stamford. The company's pri- 
mary role was to secure raw materials for 
processing at either Falconbridge's Sudbury 
smelter or its Norwegian refinery. The raw 
materials were to consist primarily of scrap 
and residues containing cobalt, nickel, cop- 
per, and other metals. The company was to 
be able to trade on its own account, buying 
and selling materials that for economic or 
technical reasons might have been unsuit- 
able for Falconbridge's plants. 

Secondly, Falconbridge reportedly talked 
to the agents for the Nonoc Mining and 
Industrial Corp., formerly Marinduque 
Mining and Industrial Corp. (MMIC), smelt- 
er about acquiring feedstock from the Phil- 
ippines. The Nonoc Mining feed had former- 
ly been sent to Japan to be refined by 
Sumitomo Metal Mining Co. Ltd., which 
had ceased production. Thirdly, talks were 
held between Falconbridge and BCL of 
Botswana. BCL produced a nickel-copper- 
cobalt matte, which was sent to Braith- 
waite, LA, to be refined by AMAX. Fourth- 
ly, Falconbridge talked with the owners of 
the Greenvale Mine in Australia in regard 
to acquiring feed from them. 

Cuba.—The ambitious nickel-cobalt ex- 
pansion program that was being instituted 
was reported to provide for a complete 
overhaul of Cuba's two existing nickel 
plants at Nicaro and Moa Bay and the 
construction of three new improved plants. 
The program also involved the construction 
of several cobalt separation plants. The 
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Punta Gorda nickel-cobalt plant in the 
northwestern Moa region was reported to 
have opened its first production line late in 
the year. The line was expected to become 
fully operational in 1985. The initial output 
was to be nickel-cobalt oxide averaging 77% 
to 78% nickel and 0.8% to 1% cobalt. The 
foundations for the Las Camariocas plant 
were laid in October. Cuba and the U.S.S.R. 
signed an agreement in November that 
increased long-term investments in Cuban 
nickel-cobalt facilities. 

Japan.—Sumitomo suspended cobalt pro- 
duction in April because of a shortage of 
feedstock. The Sumitomo refinery had de- 
pended entirely on the Philippine nickel- 
cobalt sulfide concentrates for raw materi- 
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al. The company had enough cobalt in its 
inventory to satisfy its customers' orders 
until June or July. Sumitomo had planned 
to resume production in August based on 
renewed availability of feedstock. When the 
feedstock failed to materialize, the company 
indefinitely postponed the restart of produc- 
tion. 

Papua New Guinea.—Nord Resources 
Corp., Dayton, OH, had been planning to 
develop its Ramu River deposit, which was 
about 50 miles from the coastal city of 
Madang. However, the project was put on 
hold until metal prices improved. Plans 
called for the production of about 6 million 
pounds of cobalt per year. 


Table 9.—Cobalt: World production, by country! 


(Short tons) 
Mine output, metal content? Metal“ 
Country 

1980 1981 1982 1983” 1984* 1980 1981 1982 19838" 1984 
Albania 360 380 380 390 400 8 ium Ls E ie 
Australia 2,177 71,616 1,631 1,500 1,400 Lo - a ates i 
Botswana 249 280 280 246 250 2t "S - ae fe 
Brazil... NA NA NA JJ nes es ee 
Canada» _______ 1,761 2,293 1,548 1.747 2,200 763 1,003 1,148 1,460 2,080 
Cuba 1.778 1,890 *1,650 *1,820 1,690 e E ox ism T 
Finlanß dd 1,141 1,140 1,026 “1,000 1,000 1,269 1,855 1,604 1,709 1,540 
Francde EM e ES EN ee 145 493 545 ame n 

Germany, Federal 
Republic of 2 Files — — x oa 330 160 160 1110 110 
Spi "c = zd T n 3,160 2,669 2,141 1,512 6998 
Morocco 924 870 “770 Lor es — Lu ue NM d 
New Caledonia’ _ _ _ 395 407 299 *300 280 "S E — a 
Norway ________ = Ša EA ae —— 1,405 1,592 1,094 996 990 
Philippines 1.467 1,099 516 639 140 EN EM "S Ap ae 
USSR* _ D. 2,300 2,400 2,500 2,600 2,900 4,600 4,700 4,700 5,000 5,200 
United Kingdom* * ze Pen eT E: mc 800 800 1400 (°) DN 
United States a MS Hen Ln E 500 447 508 103 ae 
Zaire 17,000 217,000 12,460 12,460 18,700 15,964 12,262 6,143 5,800 9,400 
Zambia 4,850 14,410 3, 3,527 5, 3,049 2,833 2,697 2,654 $3,829 
Zimbabwe |... *130 *110 *110 r e85 85 127 1104 109 81 80 
Total 134,538 33,895 26,754 26,445 34,245 33,312 28,418 721,249 19,425 24,227 

Estimated. Preliminary. Revised NA Not available. 


Table includes data available through May 4, 1984. 
igures represent recovered cobalt content. In addition to the countries listed, Bulgaria, Cyprus, the German 
Democratic Republic, Greece, Indonesia, Poland, the Republic of South Africa, Spain, and Uganda are known to produce 
ores that contain cobalt. Information is inadequate for reliable estimates of output levels. Other copper and/or nickel 
producing nations may also produce ores containing cobalt as a byproduct component, but recovery is small or nil. 

Figures represent elemental cobalt recovered unless otherwise specified. In addition to the countries listed, 
Czechoslovakia presumably recovers cobalt from Cuban nickel-cobalt oxide and oxide sinter; Belgium has imported small 
quantities of ly processed materials containing cobalt, but available information is inadequate to form reliable 
estimates of cobalt recovery from these materials. 

*Australia does not produce cobalt. Figures represent quantities of cobalt contained in intermediate metallurgical 
products (cobalt oxide and nickel-cobalt sulfide). Actual duanities of cobalt mined were as follows in short tons: 1980— 
4,083; 1981— 3,199; 1982—3, 911; 1983—3,09 1; and 1984 — 2,840. 

s Actual output is not reported. Data for mine output are total cobalt content of all products derived from ores of 
Canadian origin, including cobalt oxide shipped to the United Kingdom for further processing, and R 
matte shipped to Norway for further processing. Data presented for metal output represent the output within ada of 
metallic cobalt from ores of both Canadian and non- Canadian origin. 

*Reported figure. 

"Series reflects recovery from ores and intermediate metallurgical products exported from New Caledonia to France, 
sapon, and the United States. The estimated content of total ores mined is as follows, in short tons: 1980—3,527; 1981— 
3,074; 1982— 2,851; 1983—2,320 (estimated); and 1984—NA. 

*Estimated recovery of elemental cobalt in refined cobalt oxides and salts from intermediate metallurgical products 
originating in Canada. ; 

Revised to zero. 
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Peru.—A study to determine the feasibili- 
ty of producing a cobalt concentrate from 
the Marcona Mine was completed. The 
study showed that a positive rate of return 
could be expected from the production of 2 
million pounds per year of cobalt carbonate 
concentrate. The mine was owned by 
Empresa Minera del Hierro del Pera, a 
Government mining company. 

Philippines.—The MMIC Surigao nickel- 
cobalt complex on Nonoc Island remained 
closed during the first 5 months of the year 
owing to a lack of working capital and 
delays in receiving imported coal and spare 
parts. Early in the year, a major restructur- 
ing of the company was undertaken. This 
resulted in two Philippine Government- 
owned institutions, the Philippine National 
Bank (PNB) and the Development Bank of 
the Philippines (DBP), increasing their own- 
ership of MMIC from 36% to 87%. MMIC 
reopened its Surigao complex in late June, 
operating at 25% capacity. In late August, 
MMIC’s fixed assets were transferred to the 
Philippine Government. A new company, 
Nonoc Mining was established to operate 
the Surigao complex. Nonoc Mining was 
jointly owned by DBP (57%) and PNB 
(43%). In September, the Surigao complex 
was forced to cease operations owing to 
extensive damage from typhoons. Repair 
and rehabilitation work was completed in 
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November, and operations were resumed. 

South Africa, Republic of.—Western 
Platinum Ltd. was planning the construc- 
tion of a copper-nickel-cobalt refinery at its 
mine hear Rustenburg. The plant was ex- 
pected to be in operation in 1986 and was to 
use the Sherritt Gordon acid leaching proc- 
ess to produce 30,000 pounds per year of 
cobalt contained in cobalt sulfate. 

Zaire.—The Zairian Government dissolv- 
ed Société Zairoise de Commercialisation de 
Minerais, the state-owned metals market- 
ing agency. All cobalt marketing was 
to be handled by Gécamines, the Govern- 
ment mining company. Later in the year, 
Gécamines changed the terms under which 
a Belgian company processed Zairian co- 
balt. 

For the third consecutive year, Zaire 
refined about one-half of the cobalt that it 
mined. Most of the unrefined cobalt was 
thought to be in an intermediate form, such 
as cobaltous hydroxide, which could easily 
and quickly be refined to cobalt metal. 

Zambia.—Zambia received a loan of $148 
million to modernize its copper and cobalt 
mining industry. The International Bank 
for Reconstruction and Development sup- 
plied $75 million with the remainder com- 
ing from the European Common Market 
and the African Development Bank. 


TECHNOLOGY 


A Bureau of Mines researcher developed 
a method for extracting cobalt from copper 
leach solutions. About 18% of domestic 
copper production has depended on heap 
leaching. The heap leaching method consist- 
ed of spraying a dilute acid solution over a 


heap of crushed ore. The solution leached. 


copper and other metals out of the ore and 
was collected to recover the copper. The 
method developed by the Bureau extracted 
cobalt from these spent copper leach solu- 
tions. The solution was passed through 
columns filled with an ion-exchange resin 
that absorbed the cobalt and other remain- 
ing metals. The resin was then washed with 
sulfuric acid, which extracted the cobalt 
and considerable quantities of nickel, iron, 
zinc, and aluminum. All the metals except 
cobalt and nickel were extracted during the 
first phase of the recovery, followed by 
recovery of nickel during the second phase. 
The remaining concentrate contained near- 
ly 1 ounce of cobalt per liter. The Bureau 
estimated that 1.3 million pounds of cobalt 


per year could be recovered from the heap 
leach streams of two U.S. copper mines. 

A paper was published on research con- 
ducted on the recovery of cobalt and nickel 
from lead smelter matte.* It was estimated 
that the Missouri lead ores mined annually 
contained about 2.5 million pounds of co- 
balt. The paper described the basis for 
selective oxidative leaching of the matte, 
followed by selective recovery of salable or 
usable products of cobalt, nickel, copper, 
and manganese from the resulting leach 
liquor. 

As part of its continuing research on 
recovering cobalt and other strategic metals 
from domestic laterite deposits, the Bureau 
of Mines published the results of a study in 
which two techniques for solid-liquid sepa- 
ration, centrifugation and thickening, were 
investigated.* The report presented the re- 
sults of laboratory and pilot plant studies to 
determine parameters for sizing centrifuges 
and thickeners and an economic study of 
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the two techniques. This was based on the 
requirements of a commercial-size laterite 
processing plant capable of handling 5,000 
tons of ore per day. Another followup report 
was published by the Bureau in 1984 in 
which an alternate method of recovering 
cobalt was investigated.? To reduce the cost 
and complexity of recovering cobalt by sol- 
vent extraction and electrowinning, a meth- 
od for using lignite to extract cobalt was 
studied. It was found that Co** removal 
from ammoniacal solutions by lignite was 
technically difficult and economically un- 
feasible. 

A Bureau report was published that de- 
scribed a new methodology for the rapid 
identification and sorting of superalloy 
scrap.* The method used two modern, port- 
able instruments: a thermoelectric sorter 
and a hand-held emission spectroscope. 
Tested on a 27-sample stainless steel and 
superalloy array, the method made it possi- 
ble to group and/or identify a typical mix- 
ture of high-value metal scrap in two or 
three steps. Normally, seven or eight steps 
are needed to perform the same separations 
using chemical spot tests. 

Ni-Cal Technology Ltd., a wholly owned 
subsidiary of Ni-Cal Developments Ltd. 
based in Vancouver, British Columbia, de- 
veloped and made available for licensing an 
acid leach process for extracting cobalt, 
nickel, and other metals from laterite ores." 
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The process was reported to require much 
less energy than other commercially proven 
laterite extraction processes as well as hav- 
ing higher cobalt and nickel recovery rates. 

The U.S. Air Force, in conjunction with 
Pratt & Whitney Aircraft Group, United 
Technologies Corp., announced the develop- 
ment of two new cobalt-free superalloys.* It 
was stated that the new superalloys had 
extremely high oxidation and corrosion re- 
sistance. The superalloys were undergoing 
ground tests on gas turbine engines for 
possible application on a new generation of 
fighter jet engines. 


! Physical scientist, Division of Ferrous Metals. 
*Jeffers, T. H. Separation and Recovery of Cobalt From 
eee Solutions. J. Met., v. 11, No. 1, Jan. 1985, pp. 


Doerr, R. M., R. B. Prater, Jr., and E. R. Cole. Recovery 
of Cobalt and Nickel From Lead Smelter Matte. Pres. at 
Metall. Soc. AIME Dun Sanu, M ; Los Angeles, CA, 
Feb. 26-Mar. 1, 1984. Metall. Soc. paper selection 
A84-59, 1984, 19 pp. 

‘Hundley, G. L., and R. E. Siemens. Solid-Liquid Separa- 
tions in Processing Domestic Laterites. BuMines RI 
1984, 30 pp. 

5Slavens, G. J., D. E. Traut, L. R. Penner, and J. L. 
Henry. Lignite Recovery of Cobalt3+ From an Ammoniacal. 
5 Sulfate Solution. BuMines RI 8870, 1984, 12 


Fl Brown, R. D., Jr., W. D. Riley, and C. A. Zieba. Rapid 
Identification of Stainless Steel and Superalloy Scrap. 
BuMines RI 8858, 1984, 23 pp. 

"Mining Journal. Mining Week. Ni-Cal's Acid Leach 
d for Surigao Nickel? V. 303, No. 7784, Oct. 26, 1984, 


SAmerican Metal Market. Air Force 5 
superalloys “X”, “Y”. V. 92, No. 201, Oct. 15, 1 pp. L 
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Columbium and Tantalum 


By Larry D. Cunningham! 


The United States continued to be de- 
pendent on imports since there was no 
domestic mine production of either colum- 
bium or tantalum minerals. However, a 
pilot mine operation was reportedly being 
assembled by Fansteel Inc. to produce tan- 
talum materials at an undisclosed site be- 
lieved to be in the Western United States. 
Imports for consumption of both columbium 
and tantalum mineral concentrates increas- 
ed substantially and were at the highest 
levels since 1980. The General Services 
Administration (GSA) tantalum acquisition 
program, initiated in late 1983, was stopped 
in January with the award of the final 
contract for purchase of tantalum materials 
for the National Defense Stockpile (NDS). 

Reported consumption of columbium in 
the form of ferrocolumbium and nickel 
columbium continued to rise with substan- 
tial gains being made in the stainless and 
heat-resisting and high-strength low-alloy 


(HSLA) segments of the steelmaking indus- 
try. Columbium demand in superalloys con- 
tinued to show improvement, the first year 
since 1980 that consumption exceeded 1 
million pounds. Reported shipments of tan- 
talum products were at the highest level 
since 1980, and sales of tantalum capacitors 
were at an alltime high. | 

Columbium prices remained stable, and 
most tantalum prices continued virtually 
unchanged. Net trade for columbium and 
tantalum remained at a deficit, with overall 
trade volume and value up significantly for 
both exports and imports. 

Greenbushes Tin Ltd. secured a loan to 
implement its tin-tantalite hard-rock proj- 
ect. A mining and processing operation is 
planned for operation by January 1986. 

Domestic Data Coverage.—Domestic pro- 
duction data for ferrocolumbium are devel- 
oped by the Bureau of Mines from the 
annual voluntary survey for ferroalloys. Of 


Table 1.—Salient columbium statistics 
(Thousand pounds of columbium content unless otherwise specified) 


United States: 
Mine production of columbium-tantalum concentrates. _ 
Releases from Government excesses 
Consumption of raw materials 
Production of ferrocolumbium 
Consumption of primary products: Ferrocolumbium and 
nickel columbium _____________~_________ 
Exports: Columbium metal, compounds, alloys 
(gross weight)* 
Imports for consumption: 

Mineral concentrate 
Columbium metal and columbium- bearing alloys _ 
Ferrocolumbium*? 
Tin sl rv rv vo EST 

World: Production of columbium-tantalum concentrates _ _ 


*Estimated. 
1A small unreported quantity was produced. 
ess tnan 1/2 unit. 


1980 1981 1982 1983 1984 
(1) (1) ($) us TM 
3,192 1.983 e1 900 e1 900 e2 600 
2,028 1.145 W W W 
6,503 6.244 3.679 4,318 5,399 
120 150 100 100 100 
2,320 1,050 580 730 1,790 
13 (?) 9 2 10 
5,918 6,068 3,128 2,539 4,343 
1,417 842 636 W 
33.379 132.651 23,334 19,055 27.922 


"Revised. W Withheld to avoid disclosing company proprietary data. 


3Receipts reported by consumers; includes synthetic concentrates and other miscellaneous materials, after deduction of 


reshipments. 
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Table 2.—Salient tantalum statistics 
(Thousand pounds of tantalum content unless otherwise specified) 


1980 1981 1982 1983 1984 
United States: 
Mine production of columbium-tantalum concentrates. — (1) (1) (4) M Lm 
Releases from Government excesses _ - - - - - - -—-- - - — s SUR ne ms Yeer 
Consumption of raw materials ~- - -------------- 1,863 1,269 *800 *900 *1,300 
Exports: 
Tantalum ore and concentrate ( weight? |... 468 99 235 121 156 
Tantalum metal, compounds, alloys (gross weight) - 524 205 382 211 352 
Tantalum and tantalum alloy powder (gross weight) 251 97 115 123 151 
Imports for consumption: 
Mineral concentrate 860 650 440 180 680 
Tantalum metal and tantalum-bearing alloys? .. _ _ .. 93 34 T1 21 47 
t ot ot i i ee E 1,327 896 576 W W 
World: 5 of columbium-tantalum concentrates® _ _ 71,199 1798 580 740 703 


eEgstimated. 
1A small unreported quantity was produced. 
Includes reexports. 

Exclusive of waste and scrap. 


"Revised. W Withheld to avoid disclosing company proprietary data. 


*Receipts reported by consumers; includes synthetic concentrates and other miscellaneous materials, after deduction of 


reshipments. 


Table 3.—Columbium and tantalum materials in Government inventories 
as of December 31, 1984 


(Thousand pounds of columbium or tantalum content) 


National Defense Stockpile 
invento 
Material Stockpile nid 2 
goals Stockpile- Nonstockpile- Total 
grade grade 

Columbium: | 
Concentrates _________ ~~~ „„ 5,600 937 869 11,806 
Carbide powder _____________---~__-~------- 1 21 n 2] 
errocolumiu ug ae 598 333 193] 
Metal... e osx much eias Eti c LE FN 45 zc 145 
!( ⁰AA AAA 2 1.601 1.202 2,803 

Tantalum: 

Minerals 8.400 1,432 1,152 32,584 
Carbide powder__________________________ ieee 29 a 329 
J7Cöĩ§ĩ²ð c uL 88 — 201 ($) 3201 
M ⁰ AAA 2) 1.662 1.152 2.814 


1 All surplus ferrocolumbium and columbium metal were used to offset the columbium concentrates shortfall. Total 


offset was 1,148,000 pounds. 


20verall goala, on a recoverable basis, total 4,850,000 pounds for the columbium metal group and 7,160,000 pounds for 


the tantalum metal group. 
3AII eurpiue 
offset was 271, 


000 pounds 
*100 pounds. 


the four domestic operations to which a 
survey was sent, all responded, represent- 
ing 100% of total production. Ferrocolum- 
bium production data are withheld for 1984 
to avoid disclosing company proprietary 
data. 

Legislation and Government Pro- 
grams.—The NDS goals and inventories for 
columbium and tantalum materials did not 
change, and there were no sales of stockpile 
excess materials. 

In January, GSA agreed to purchase tan- 
talum materials containing 61,050 pounds 
of tantalum pentoxide (Ta;Oy), equivalent to 


1900 carbide powder and tantalum metal were used to offset the tantalum minerals shortfall. Total 


approximately 50,000 pounds of tantalum, 
for the NDS from Amalgamet Inc., New 
York City, at a price of $35.8911 per pound 
of contained Ta;O,. The material shall be 
grade 1 as defined in National Stockpile 
Purchase Specification P-113a, effective Au- 
gust 3, 1981, requiring a minimum Ta;O, 
content of 25% and a minimum combined 
Ta: O, plus columbium pentoxide (Cb. O;) 
content of 55%. A Federal judge had order- 
ed a halt to GSA's late 1983 purchase of 
approximately 200,000 pounds of tantalum 
from three firms. This order was based on a 


General Accounting Office decision that 
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Amalgamet—the only bidder of tantalum 
materials from a country designated for 
special concessions under the International 
Trade Agreement Acts of 1979—should 
have been entitled to one of the contracts 
awarded. A clerical error in Amalgamet's 
bid had led GSA to find the company in- 
eligible for preferential treatment. GSA 
subsequently received court permission to 
leave the 1983 contracts unchanged and 
awarded the above described contract to 
Amalgamet. 

Bids solicited by GSA for offers to supply 
columbium concentrates containing 572,160 
pounds of Cb;O,, equivalent to approximate- 
ly 400,000 pounds of columbium, were re- 
jected for being too high in price and not 
conforming to prevailing market conditions. 
Bid prices from two companies ranged from 
$7.24 to $12.00 per pound of contained Cb;O, 
for one-half of the material required. In 
addition, a third bid was considered nonre- 
sponsive because the bidding company offer- 
ed to supply the intermediate product CbzO; 
instead of the specified Cb;,O, contained in 
concentrates. The procurement action was 
the first for columbium since the US. 
Government-guaranteed purchase program 
was ended in the late 1950's. 

The National Materials Advisory Board, 
under contract to the Federal Emergency 
Management Agency and the U.S. Depart- 
ment of Commerce, issued a report on 
priorities for quality assessment of nonfuel 
materials in the NDS.? Forty-four materi- 
als, or groups of materials, were examined 
to identify which material needed detailed 
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investigation regarding its usability in the 
event of a national emergency. The report 
recommended that quality assessment of 
columbium and tantalum should receive 
special and immediate consideration owing 
to the critical use of tantalum for electronic 
applications and the use of both metals in 
superalloys. Joint assessment by experts on 
columbium and tantalum was to be consid- 
ered essential. Initial assessment was un- 
dertaken by the Metal Properties Council 
Inc. (MPO), New York City, to review colum- 
bium and tantalum stockpile specifications. 
A key recommendation resulting from the 
MPC review was to revise the tantalum 
source material specification to include the 
three grades “tantalum natural mineral 
and concentrates, synthetic concentrates, 
and chemically processed materials and 
concentrates." 

In the March 5, 1984, Federal Register, 
the Environmental Protection Agency 
(EPA) proposed effluent limitations guide- 
lines and standards for nonferrous metals 
forming. In the March 8, 1984, Federal 
Register, EPA also set final rules for new 
effluent limitations guidelines and stand- 
ards for nonferrous metals manufactur- 
ing. Both standards include columbium 
and tantalum and are based on best practi- 
cable technology, best available technology, 
and best conventional technology to handle 
industry's waste water discharges. The reg- 
ulations are part of EPA's water pollution 
effluent guidelines program under the 
Clean Water Act for Nonferrous Metals. 


DOMESTIC PRODUCTION 


No domestic mineral concentrate produc- 
tion of either columbium or tantalum was 
reported in 1984, but a pilot mill was re- 
portedly being operated by American Au- 
rum Inc., Spearfish, SD, to evaluate produc- 
tion of tantalum, tin, and mica. 

Domestic production of ferrocolumbium, 
expressed as contained columbium, experi- 
enced little change from that of 1983. Value 
of ferrocolumbium production rose to $10.8 
million. The regular grade remained fa- 
vored over the high-purity grade of ferroco- 
lumbium in the production mix. 

Tantalum content of raw materials con- 
sumed by processors in the production of 
tantalum compounds and metals was esti- 
mated to be about 1.3 million pounds, up 
over 40% from that of 1983. In addition, 
consumption of purchased metal scrap was 


estimated at about 130,000 pounds. 

A pilot mine operation was being assem- 
bled by Fansteel at an undisclosed site 
believed to be in the Western United States, 
to produce tantalum concentrates contain- 
ing up to 45,000 pounds of tantalum pent- 
oxide. The material would be tested at the 
company's Muskogee, OK, processing plant 
to determine the feasibility of domestic 
tantalum mining.’ 

A $1.8 million pilot plant was built by 
Cabot Corp., in Boyertown, PA, to further 
the company's ability to stay on the leading 
edge of capacitor powder technology. The 
new facility enables Cabot to move experi- 
mental powders into production more 
quickly, which gives the company the abili- 
ty to develop tantalum powders with ever 
higher capacitance.* | 
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Table 4.—Major domestic columbium and tantalum processing and producing | 
companies in 1984 


Products! 
Company Plant location Metal? Carbide Oxide Td oT — FeCb 
88. and/or 
Cb Ta Cb Ta Cb Ta NiCb 
Avon Products Inc.: Mallinckrodt St. Louis, MW ies TN ts em X X i 
nc. 
Cabot Corp 
KBI Div __________---_- Boyertown, PA X X TN £e X X um 
/ aaa ADAE Revere, PA RON ue e D mM HS 
Fansteel Inne Musk „OK X X X m X X es 
Do. ee a ee gene eee ee North Chicago, III y X m e 2 "n ies 
Kennametal Inlnß(e Latrobe, PA m X X X "— E ENT 
Metallurg Inc.: Shieldalloy Corp- Newfield, N) a c X X m Zn X 
NRCInc? |... 2... Newton, MWA X X —- c E" um "A 
Reading Alloys Inc --------- Robesonia, PA M "-— SS 8 UN RA X 
Teledyne Inc.: Teledyne Wah Albany, RR X X TN Las E = X 


Chang Albany Div. 


X Indicates processor and/or producer. 

1Cb, columbium; Ta, tantalum; FeCb, ferrocolumbium; NiCb, nickel columbium. 
Aneludes miscellaneous alloys. 

3Jointly owned by Omicron Holdings Inc. and H. C. Starck Berlin. 


CONSUMPTION, USES, AND STOCKS 


Overall reported consumption of colum- 
bium as ferrocolumbium and nickel colum- 
bium was up 25%. Consumption of colum- 
bium by the steelmaking industry increased 
23%, influenced by a 9% rise in raw steel 
production, with over a 10% increase in the 
percent of columbium usage per ton of steel 
produced. Consumption in the carbon and 
the stainless and heat-resisting steels in- 
creased by 11% and 44%, respectively. Co- 
lumbium usage per ton of stainless and 
heat-resisting steels produced was up over 
40%. Columbium demand in HSLA steels 
rose by more than 25%, ending a 2-year 
decline for columbium consumption in this 
category of steelmaking. The increased de- 
mand for these grades of steels was due in 
part to the automotive industry’s increased 
use of stainless steels for applications such 
as exhaust manifolds and the expanded 
usage of HSLA steels resulting from contin- 
ued emphasis on weight reduction and fuel 
efficiency. 

Demand for columbium in superalloys 
was up by more than 30% to over 1.2 mil- 
lion pounds. This was the first year since 
1980 that consumption in this category was 
more than 1 million pounds. That portion 
used in the form of nickel columbium in- 
creased by over 60% to about 420,000 
pounds. 

Emerging applications for columbium in- 
cluded a columbium-titanium alloy selected 
for use as the core material of prototype 
superconducting magnets during develop- 
ment work for a proposed advanced atom 


smasher. Also, the Food and Drug Adminis- 
tration gave Federal approval to two compa- 
nies to commercially market nuclear mag- 
netic resonance imaging equipment sys- 
tems, which use superconducting magnets 
containing wire usually of columbium-tin or 
columbium-titanium. 

Tantalum consumption continued to rise, 
as reflected in the 26% increase in overall 
shipments reported by the Tantalum Pro- 
ducers Association. This was the highest 
level in tantalum shipments since 1980. The 
major segments of the tantalum market 
continued to show significant improvement; 
powder and anodes were up by 32% and 
mill products were up by 44%. Tantalum 
for cemented carbide was up nearly 13%, 
most of the demand occurring in the auto- 
motive and defense markets with minor 
gains in the farm and construction indus- 
tries. 

Factory sales of tantalum capacitors were 
up almost 35% as reported by the Electron- 
ic Industries Association. The record sales 
were accelerated by the continuing recovery 
in the electronics industry. The computer 
and automotive markets experienced steady 
growth and fostered a need for greater 
miniaturization without sacrificing capaci- 
tor performance. Mepco-Electra Inc. report- 
edly added a new plant in Jupiter, FL, 
totally dedicated to producing tantalum 
chip capacitors, and Mallory Capacitor Co. 
expanded its tantalum facility by an addi- 
tional 25%.” 

Data on aggregate stocks of columbium 
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and tantalum raw materials reported by 
processors for 1984 were incomplete at the 
time this chapter was prepared. Aggregate 
stocks of columbium and tantalum raw 


Table 5.—Reported shipments of columbium and tantalum materials 


(Pounds of metal content) 


Material 


Columbium products: 
Compounds including alloys. - - - - - - - ----------------—-----—--—-———-— 
Metal including worked products 
Other 


Tantalum products: 
Oxides and salts — — o etes oes sed cm sah e eat eres eie Lei et e denas 
A ³oÜ RERO RI 
Carbide ——— ⁵ ꝗ¹ ¼⁵] ¾˙ ... :. ͤ v ĩͤ . pA LE 
Powder and anode ns Lll lll 222l22- 
Ingot (un worked consolidated metall „ 
MIIEpFOdUCIS s ocium oil ⁰ k ddr A 
Scrap fn ⁵ ts ett t d Lal 


— —— =e e —— e e o — a —— we ei i i le — 


Source: Tantalum Producers Association. 


1983 


1,049,500 
24,400 
20,000 


1,493,900 


1,015,670 
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materials reported by processors for year- 
end 1983 were both down from yearend 
1982, by more than 20% for columbium and 
by more than 15% for tantalum. 


1984 


941,820 
529,800 
900 


1,412,120 


45,900 
86,630 
128,760 
0 


500 
307.600 
39,000 


1,282,890 


Table 6.—Consumption, by end use, and industry stocks of ferrocolumbium and nickel 


columbium in the United States 
(Pounds of contained columbium)! 


END USE 
Steel: 
“lf: cese ee ĩ⅛² ũ gd ]˙⁰ ]. ⅛ wd AA ULM 8 
Stainless and heat-resisting 
Full'alloy xz mni . Aen muU ⅛ð v iri i 
High-strength low-allooů⸗nnnnsnsnsnssss 4 „ö 
Electric 


— —— m a — — —— —— Mo — — — — — — —— — — — —— — — — —— D—— ——— HD — — — 


I/, A — 
JJ %½ ¼˙¾˙ÿ ⅛5Z2m Lr hr ⁰m 8 
Alloys (excluding alloy steels and superalloyss))ʒ.l „„ 
Miscellaneous and unspecified 


lee che edere teh dam" Ze REL i an 


Dec. 31: 


1983 


1,315,624 
62,320 
2 
1,348,814 
(3) 

(3) 

24,641 
3,351,399 
31,463 
24,333 
4,877 


4,318,072 


760,000 


“Estimated. W Withheld to avoid disclosing company proprietary data; included in Total stocks.” 


! Includes columbium and tantalum in ferrotantalum-columbium, if any. 
2Small; included with "Steel: High-strength low-alloy." 

3Included with "Steel: Unspecified.” 

*Ferrocolumbium only. 


PRICES 


Prices continued stable for pyrochlore 
concentrates and columbium products bas- 
ed on them. Unchanged since April 1980, 


1984 


1,463,886 
951,020 
(3) 
1,693,464 


(3) 
21,941 
4,136,311 
1,240,295 
19,454 
3,185 


9,399,245 


950,000 


the price for pyrochlore concentrates pro- 
duced in Canada by Niobec Inc. was quoted 
at $3.25 per pound of contained pentoxide, 
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f.o.b. Canada, for concentrates with a nomi- 
nal content of 57% to 62% Cb40,. No price 
was available for Brazilian pyrochlore con- 
centrates because they are no longer being 
exported. Contrary to strengthening de- 
mand, the spot price of regular-grade ferro- 
columbium containing 63% to 68% colum- 
bium was lowered by 6%, in March, to 
about $5.60 per pound of contained colum- 
bium, f.o.b. shipping weight. 

The price for high-purity ferrocolum- 
bium, selling at $16.50 per pound of contain- 
ed columbium in January, was raised to 
$17.70 in October. About the same time, the 
price for nickel columbium rose from $18.50 
per pound of contained columbium to 
$19.70. Escalating costs of raw materials, 
energy, and labor were cited by industry 
Sources as reasons for the price increases. 
Columbium metal price quotes remained 
unchanged. The average spot price for co- 
lumbite concentrates was lowered by 30% 
in mid-September to a range of $3.50 to 
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$9.00 per pound of combined columbium 
and tantalum pentoxides, c.i.f. U.S. ports. 
Columbium oxide was reported to be selling 
at yearend for less than $7 per pound of 
oxide. | 

Most tantalum prices continued virtually 
unchanged, with activity in the tantalite 
market reportedly still somewhat subdued. 
The spot market price for tantalite, which 
began the year at $28 to $31 on the basis of 
60% combined tantalum and columbium 
pentoxides, c.i.f. U.S. ports, was being quot- 
ed at $31 to $33 by yearend. The quoted 
contract price for tantalite from the Canadi- 
an tantalum producer, Tantalum Mining 
Corp. of Canada Ltd. (Tanco), continued 
unchanged at $45 per pound of contained 
pentoxide. The contract price for tantalite 
from Greenbushes in Australia remained 
suspended. Published price quotations for 
tantalum mill products and powders were 
unchanged, as in 1983, at about $150 per 
pound. 


FOREIGN TRADE 


Net trade continued at a deficit for both 
columbium and tantalum. Trade volume 
was up by over 20% for all export items 
with total value up by nearly 50%. For 
imports, trade volume was up appreciably 
for most items with total value up by 80%. 
Exports and reexports of tantalum ores and 
concentrates increased almost 30% to 
156,000 pounds valued at $1.5 million. The 
Federal Republic of Germany was the prin- 
cipal recipient with over 65% of total ship- 
ments. 

Imports of raw materials and intermedi- 
ates, such as ferrocolumbium and colum- 
bium oxide, exceeded the value of exports of 
upgraded forms of columbium and tanta- 
lum by about 60%. Imports for consumption 
from Brazil included 6.7 million pounds of 
ferrocolumbium, up over 70% and the high- 
est level reported since 1981. Imports for 
consumption of columbium oxide from Bra- 
zil increased substantially to 1.2 million 
pounds valued at $6.8 million compared 
with 372,000 pounds valued at $1.8 million 
in 1983. Contained in the columbium oxide 
imports were an estimated 32,000 pounds of 
tantalum oxide valued at over $1 million. 
Estimated data for the ferrocolumbium and 
the columbium and tantalum oxides were 
based on entries in nonspecific classes. 

Imports for consumption of columbium 
mineral concentrates more than doubled 
those of 1983. However, average unit value 


for overall imports declined by 17% owing 
to the continued depressed prices for colum- 
bium mineral concentrates. Canada remain- 
ed the leading supplier, providing over 75% 
of total quantity and almost 7096 of total 
value. Imports were estimated to contain 
1.36 million pounds of columbium and 
55,000 pounds of tantalum at an average 
grade of approximately 60% Cb.O; and 3% 
Ta;O,. 

Imports for consumption of tantalum 
mineral concentrates increased over three- 
fold to the highest level since 1980, with 
average unit value up by 16%. Thailand 
was the leading source, providing nearly 
30% of total quantity and over 19% of total 
value. Imports were estimated to contain 
625,000 pounds of tantalum and 430,000 
pounds of columbium at an average grade of 
approximately 35% Ta.O; and 28% Cb.Os. 

Data on receipts of raw materials other 
than mineral concentrates were incomplete. 

Imports for consumption of columbium- 
tantalum synthetic concentrates remained 
virtually unchanged: 2.1 million pounds 
valued at $13.7 million, compared with 2.1 
million pounds valued at $14.9 million in 
1983. These figures are not included in the 
salient statistics data. Imports for consump- 
tion from China in 1984 included over 
15,000 pounds of potassium tantalum fluo- 
ride at a value of $425,000. 
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Table 7.—U.S. foreign trade in columbium and tantalum metal and alloys, by class 
(Thousand pounds, gross weight, and thousand dollars) 


1983 1984 


Class K» A E E Principal destinations 
Quantity Value Quantity Value and sources, 1984 
EXPORTS! 
Tantalum: 

Powder-.—— ons EE 123 14,397 151 17,026 West Germany 32, $3,784; Japan 
32, $3,661; United c Dd 28, 
$3,401; France 31, $3,285. 

Unwrought and waste and scrap. 154 5,892 252 10,050 West Germany 186, $7,234; Japan 
18, $1,474; Belgium-Luxembourg 
18, $1,051. 

Wrought _______________ 57 7,032 100 13,099 Japan 36, $5,556; United Kingdom 
18, $2,236; West Germany 20, 
$1,940; France 13, $1,738. 

CTT XX 27,321 XX 40,175 West Germany $13,000; Japan 
$10,700; United Kingdom $5,700; 
France $5,100.? 
IMPORTS FOR CONSUMPTION 
Columbium: 
Ferrocolumbium* |... 3,906 12,992 6,682 20,445 All from Brazil. 
Unwrought metal and waste and 
e ous ces E 3 39 7 125 Brazil 3, $71; West Germany 2, 
$38; Austria 1, $9; Japan (3), $7. 
Unwrought alloys s 2 4 13 103 All from Brazil. 
Wrought ______________~_ (3) 2 (3) 35 All from West Germany. 
Tantalum: 

Waste and scrap __________ 122 2,803 183 4,866 West Germany 77, $2,589; France 
26, $593; United Kingdom 20, 
$407; Japan 9, $362. 

Unwrought metal 23 2,022 46 4878 West Germany 36, $4,166; Nether- 
lands 10, $712. 

Unwrought alloys ________~_ 5 231 1 33 All from Austria. 

Wroughgnt 3) 24 1 48 Austria (0, $33; United Kingdom 
(3), $7; West Germany (3), $5; 
Japan (0), $2. 

Total. —-——————— Ree XX 18,117 XX 30,533 Brazil $20,600; West Germany 
$6,800; Netherlands $770; 
France $600.? 


“Estimated. XX Not applicable. 


!For columbium, data on exports of metal and alloys in unwrought and wrought form, including waste and scrap, are 
not available; included in basket category. 


?Rounded. 
Less than 1/2 unit. 


Table 8.—U.S. imports for consumption of columbium mineral concentrates, by country 
(Thousand pounds and thousand dollars) 


1983 1984 
Country Gross Gross 

weight Value weight Value 
/ ͥ]⁰¹ſͤ ů ͥ¹i ͤ M poen ˙¹½ e ˙ M Eie 52 438 143 431 
Cañada o euius ↄĩÄW ³˙¹ yd kr TUE Hur ge, cies a at ae E em 1,198 2,119 2,498 4,089 
Germany, Federal Republic oll ca fe zu 17 38 
Malaysia eo aiu ſddſſ y yd pip 67 162 105 163 
Netherlands!_________________________________________ n FS 8 24 
Nigeria eset" UN 164 597 495 1,284 

Total? 


ONCE VOCE TESI ONERE 1,482 3,316 3,265 6,030 


1Presumably country of transshipment rather than original source. 
2Data may not add to totals shown because of independent rounding. 
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Table 9.—U.S. imports for consumption of tantalum mineral concentrates, by country 
(Thousand pounds and thousand dollars) 


Country 


Australia 
Belgium-Luxembourg! 
Brazil 
China 
French Guiana! 
Germany, Federal Republic of! 
Guyana 

Malaysia 
Mozambique 
Netherlands! 


Singapore! 
South Africa, Republic of 
Spain 


Taiwan’_____________________ LLL LL LLL 


meee ee meee —— —— —— — — 


1983 1984 

Gross Gross 

weight Value J eight Value 
SO ah eS a gale ao 182 1,543 371 4,799 
EEN i rene cael M P 21 81 
IE E NE 240 1,749 351 3,895 
FFC 5 devs 22 203 
2 8 xs ZUM 3 36 
MR (?) 2 205 2,291 
C s m 1 14 
S SE à ap 341 1,854 
TOROS E E 18 239 16 152 
FC E m 105 701 
7 =e — 11 90 
CC one E. 37 153 
777 ETTEN da E 10 122 
C 9 112 7 32 
33 one setae, a a 71 672 
cl pA Rea (2) 1 8 93 
11 eaten 55 159 609 3, 688 
VS 31 212 11 79 
ee eee ee 536 4,017 2,199 19,054 


1Presumably country of transshipment rather than original source. 


2Less than 1/2 unit. 


3Data may not add to totals shown because of independent rounding. 


WORLD REVIEW 


A report published by the International 
Iron and Steel Institute committee on raw 
materials indicated that the world steel 
industry was not likely to suffer from short- 
ages in the supply of columbium, vanadium, 
and molybdenum. However, concentration 
in a limited number of countries of ore 
reserves for producing ferroalloys, especial- 
ly ferrocolumbium, is a cause for concern. 
The report stated that substitution of co- 
lumbium, vanadium, and molybdenum in 
steels is complex and depends on many 
factors both technical and economic, but 
some limited substitution is possible in the 
area of microalloyed steels. Columbium and 
vanadium act in similar ways in steels, and 
some limited substitution between the two 
elements is possible. Molybdenum is more 
often used in higher alloy steels and cannot 
generally be replaced by columbium or 
vanadium in these cases.* 

World production data on columbium and 
tantalum minerals exclude columbium or 
tantalum recovered from contemporary and 
old tin slags and from struverite. Tantalum 
contained in tin slags produced in 1980, 
1981, 1982, 1983, and 1984 was, in thousand 
pounds, 1,133, 1,006, 991, 1,049, and 828, 
respectively, according to data from the 
Tantalum International Study Center. 

Regarding the shipments of old tin slags, 


data were only available from Thailand. 
Shipments of old tin slags from Thailand 
were up to 431 short tons in 1984 compared 
with no shipments in 1983. Data were not 
available as to the disposition of the ship- 
ments. 

Australia.—For the fiscal year ending 
June 30, 1984, Greenbushes reported that 
its tin-tantalum plant capacity utilization 
was increased during the year from 35% to 
75%. Mining operations concentrated on 
tantalite rather than tin ore reserves, owing 
to continued tin export quotas. Ore treated 
was 1.7 million tons in fiscal year 1984 
compared with 1.1 million tons in fiscal 
year 1983. Tantalum oxide produced in 
concentrates increased to 105,200 pounds 
from 65,300 pounds in fiscal year 1983. The 
chemical plant produced approximately 
22,500 pounds of Ta;O;, and 2,200 pounds of 
Cb.O; in fiscal year 1984. Additionally, tan- 
talum oxide contained in tantalum glass 
production was 48,500 pounds in fiscal year 
1984 compared with 37,500 pounds in fiscal 
year 1983. The tailings retreatment plant 
remained inactive the entire year. 

Greenbushes secured a 7-year loan, $15 
million Australian, to implement its tin- 
tantalite hard-rock project and to repay 
existing company loans. First stage develop- 
ment of the project consisted of having a 
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mining and processing operation, with an 
ore capacity of 331,000 tons per year, in 
place by January 1986. Existing soft-rock 
mining will be scaled down as production 
from the first stage hard-rock project com- 
mences. Combined tantalum production ca- 
pacity from both mining operations will be 
500,000 pounds of Ta;O, per year. The 
project's second stage development envi- 
sions doubling the hard-rock mining and 
processing annual capacity to 660,000 tons 
of ore. 

In 1984, Greenbushes entered into a joint 
venture agreement with Barbara Mining 
Corp. Ltd., a subsidiary of Bayer Australia 
Ltd., to develop the Bynoe tin-tantalum 
project located near Darwin in the North- 
ern Territory of Australia. Under the terms 
of the agreement, Barbara Mining has a 
preemptive right to purchase the tantalite 
concentrate, and Greenbushes has a similar 
right to purchase the tin concentrate pro- 
duced from the project. Greenbushes will 
operate the joint venture and plans to 
establish a pilot production facility during 
1985. 

Goldrim Mining Australia Ltd. announc- 
ed plans to reopen its tantalite mines in 
Western Australia in late 1984 in response 
to firmer tantalum prices. The mines had 
been on care and maintenance since early 
1983. Before closure, the mines reportedly 
produced about 13 tons of tantalite and 
minor amounts of tin per year. 

West Coast Holdings Ltd. announced the 
discovery of a strategic mineral find at its 
Brockman Prospect in the Kimberleys, 
Western Australia. The deposit is believed 
to contain about 50 million tons of ore 
grading 0.5% Cb;O,, 0.08% Ta;O,, 0.8% 
BeO, and 0.14% Y;O,. The mineralization of 
the deposit was reported to be very fine, and 
an investigation of recovery techniques was 
in progress. 

Brazil.—Cia. Brasileira de Metalurgia e 
Mineracéo’s (CBMM) production of about 
14,300 tons of ferrocolumbium was more 
than double that of 1983, with the plant 
operating at about 50% of its rated annual 
capacity. CBMM’s columbium oxide produc- 
tion was 750 tons compared with 300 tons in 
1983. 

Brazil’s total production of ferrocolum- 
bium was up almost 60%, 16,800 tons com- 
pared with 10,700 tons in 1983. Ferrocolum- 
bium exports were 16,200 tons compared 
with 10,200 tons in 1983. 

By yearend, the Anglo American Corp. of 
South Africa Ltd. had acquired, from the 
Hochschild Group, controlling interest in 
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Mineração Catalão de Goiás S. A., Brazil's 
other ferrocolumbium producer. 

Cia. de Pesquisa de Recursos Minerais 
(CPRM), the Government's mineral re- 
search organization, was reported to have 
discovered a large columbium ore deposit in 
the Amazon region of Brazil. No plans to 
develop the deposit had been disclosed, but 
various companies were reportedly examin- 
ing an association with CPRM for future 
exploration and extraction. 

Canada.—As reported by Teck Corp. for 
the fiscal year ending September 30, pro- 
duction of columbium oxide at Niobec's 
mine at St. Honoré, Quebec, was up over 
70% to 6,943,811 pounds, compared with 
4,000,660 pounds in 1983. The mine operat- 
ed at capacity, but milling problems persist- 
ed owing to increasing proportions of refrac- 
tory minerals in the ore. Ore milled was up 
over 60% to 819,772 tons from 502,400 tons 
in 1983, as the mill operated on the average 
of 2,240 tons per day compared with 2,310 
tons per day in 1983. Recovery was reduced 
to 60% from about 62% in 1983, with Cb. O; 
grade of ore increasing to 0.71% from 0.64% 
in 1983. Ore reserves declined at the end of 
the fiscal year to about 11.8 million tons 
assaying 0.66% Cb;O,, compared with 12.6 
million tons assaying 0.66% Cb;O, in 1983. 
Following the fiscal yearend, the mine was 
on strike effective October 19. However, a 
new 3-year contract was ratified on Novem- 
ber 22, and the mine returned to full pro- 
duction by the end of November. 

The Hudson Bay Mining and Smelting 
Co. Ltd. reported that tantalum mining and 
milling activity at the Bernic Lake, Manito- 
ba, operation of Tanco remained suspended 
throughout the year, as in 1983, with no 
sales or production of Ta;O,. However, Tan- 
co temporarily converted the tantalum mill 
into a pilot plant to produce ceramic-grade 
spodumene. The effort was assisted by a 
grant from the Federal Department of Re- 
gional Industrial Expansion. Initial indica- 
tions were that the commercial viability of 
a spodumene operation was feasible if mar- 
kets could be established. Discussions with 
major spodumene users were said to be 
encouraging. The spodumene operation re- 
portedly will not interfere with the eventu- 
al startup of tantalum production. The two 
materials are located in separate ore bodies, 
and additional equipment will be added to 
handle both the tantalum and spodumene 
operations. 

Nuinsco Resources Ltd. completed an ex- 
ploration program on its Prairie Lake in- 
dustrial metal property 40 miles northwest 
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of Marathon, Ontario. The property is a 
circular alkali-carbonatite complex believed 
to contain significant quantities of colum- 
bium, phosphate, uranium, and various 
rare-earth elements. Preliminary results of 
drilling in the western quadrant of the 
property indicates a columbium presence 
grading 0.57% Cb,O,. Nuinsco reportedly 
plans to spend up to $200,000 on various 
phases of additional exploration on the 
property. 

Germany, Federal Republic of.—A new 
electron beam furnace reportedly com- 
missioned by WC Heraeus GmbH, a major 
producer of tantalum mill products in Eu- 
rope, will increase its melt power capac- 
ity by a factor of up to 10. The furnace is to 
broaden the company's raw material base to 
include some materials not previously us- 
able. The first stage of the furnace will have 
a melt power capacity of 450 kilovolt am- 
peres, with potential expansion to 900 kilo- 
volt amperes depending on tantalum mar- 
ket conditions. | 

Japan.—Production of ferrocolumbium 
was 1,136 tons, up considerably from the 
584 tons produced in 1983. Columbium ore 
imported for ferrocolumbium production 
was 2,951 tons, almost all from Canada, 
compared with 816 tons in 1983. Ferroco- 
lumbium imports were 2,260 tons compared 
with 1,960 tons in 1983, with the bulk of 
imports coming from Brazil. Tantalum ore 
imports totaled 303 tons, with over 60% of 
the imports coming from Malaysia, compar- 
ed with 133 tons in 1983. 

The Showa-Cabot Supermetal Co., a joint 
venture of Japan's Showa Denko K.K. and 
Cabot of the United States, reportedly was 
doubling tantalum powder production ca- 
pacity at its Higashi-Haghara plant. The 
additional facilities, due to come on-stream 
by April 1986, will increase capacity to 220 
tons per year with projected expansion to 
about 330 tons per year. 

Nigeria.—Production of columbite, as a 
byproduct of tin mining reported by the 
group of Amalgamated Tin Mines of Nige- 
ria (Holdings) Ltd. (ATMN), Bisichi-Jantar 
Nigeria Ltd., Gold & Base Metal Mines of 
Nigeria Ltd., and Vectis Tin Mines Ltd., was 
up 18% with a combined output of 114 tons 
compared with 96 tons in 1983. ATMN 
continued to be the major producer with 
over 90% of production, the rest coming 
from Bisichi-Jantar. 

Thailand.—Columbite-tantalite produc- 
tion declined by 1346, and struverite pro- 
duction was down to 33 tons from 308 tons 
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in 1983. 

Thailand's Department of Mineral Re- 
sources rejected a petition by the Thailand 
Smelting and Refining Co. Ltd. (Thaisarco), 
a Billiton Group subsidiary, to revise the 
company's tin concentrate purchase price 
formula. Thaisarco's supply contracts with 
Thai tin miners are based on the Malaysian 
Kuala Lumpur Tin Market (KLTM) price, 
but the company sells approximately 8096 
of its output at the London Metal Exchange 
(LME) price, which is lower than the KLTM 
price. Thaisarco had sought permission to 
introduce a new tin concentrate purchase 
price formula based on the mean of 20% of 
the KLTM price and 80% of the LME price. 
The company in the past had been able to 
compensate for price discrepancies between 
the KLTM and the LME through profit 
margins included in smelting fees and its 
sales of byproduct tantalum-bearing tin 
slags. However, in 1984 Thaisarco was re- 
portedly sustaining large financial losses, 
and by yearend, Billiton was considering 
the restructure of its Thai tin mining oper- 
ations. Thaisarco's tin smelter was reported 
to be operating at about 60% of its 38,000- 
ton-per-year capacity, owing to tin export 
controls mandated by the International Tin 
Council. 

A strengthening of the tantalum market 
reportedly persuaded the Thailand Tanta- 
lum Industry Corp. Ltd. (TTIC) to go ahead 
with plans to construct a smelter to process 
tin slags containing small quantities of 
tantalum. The smelter will complement 
TTIC's chemical plant for the processing of 
high-grade tin slags and tantalum-con- 
taining ores planned for completion by mid- 
year 1986. 

Zaire.—Société Miniére du Kivu (Somi- 
kivu) reportedly discovered a large pyro- 
chlore deposit in its Lueshe concession in 
eastern Zaire, containing an estimated 3:3 
million tons of pyrochlore. A pilot concen- 
trate plant was commissioned at the site in 
March, having a throughput capacity of 
about 2 tons of ore per day. The pyrochlore 
concentrate product was being shipped to 
the Federal Republic of Germany. Full-scale 
operations are possible by 1990. However, 
Somikivu is faced with securing a sufficient 
energy supply, a reliable water source, and 
a site for tailings disposal before large-scale 
development of the deposit can be under- 
taken. In addition, transportation of the 
concentrate to a seaport is a serious prob- 
lem, transport being made by a combination 
of truck, barge, and rail shipments. 
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TECHNOLOGY 


An update of the state of the art of HSLA 
steels was reviewed in a report entitled 
"HSLA Steels Technology and Applica- 
tions." The report offers a comprehensive 
overview of recent advances in alloy design 
concepts, steelmaking and casting tech- 
nologies, and applications as sheet, plate, 
linepipe, forgings, and castings. The ef- 
fectiveness of microalloying elements on 
both grain refinement and precipitation 
strengthening depends mainly on their pre- 
cipitation reactions, and it was reported 
that columbium, titanium, and vanadium 
were now being used in a more balanced 
and rational way.? 

Recent applications and manufacturing 
considerations in the field of supercon- 
ductivity was described in a review of fabri- 
cation processes of superconducting compos- 
ite materials. Three large-scale application 
areas for superconductors were discussed: 
accelerator magnets for high-energy physics 
research, magnetic confinement for thermo- 
nuclear fusion, and magnetic resonance im- 
aging for health care. A columbium-tita- 
nium alloy was reported to be the principal 
superconducting material in use today.“ 

A new method for increasing the leaching 
rate of bulk superalloy scrap to facilitate 
recycling and recovery of critical metals, 
such as columbium and tantalum, was de- 
vised by the Bureau of Mines. Investigation 
showed that melting bulk alloy scrap with 
20% or more aluminum forms a brittle 
alloy that can be crushed into small parti- 
cles. The time required to dissolve the 
metals contained in superalloys was de- 
creased from days or months to hours. 

Cabot's KBI Div. reportedly perfected a 
proprietary low-cost technique for recover- 
ing high-quality tantalum from scrap for 
use in electronics applications. This devel- 
opment is expected to free the company 


from the need to carry large inventories of 
tantalum raw materials to guard against 
sudden disruptions in raw material availa- 
bility.? A new tantalum-base alloy that 
exhibits high-yield strength at elevated 
temperatures was also developed by KBI. 
Designated as KBI Alloy 41, the material is 
reportedly comprised of 58% tantalum, 
37.5% columbium, 2.5% tungsten, and 2% 
molybdenum. The alloy is said to be the 
first commercial tantalum alloy to specify 
molybdenum as part of the chemical compo- 
sition. Potential applications include weld- 
ed tubing for heat exchangers and patching 
material for glass-lined equipment in the 
chemical processing industry.!'? 
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Copper 


By J. L. W.J olly’ and D. L. Edelstein! 


With an average copper price for the year 
that was lower than in the recession year of 
1982 and, in real terms, the lowest since the 
price-controlled years of World War II, the 
U.S. copper industry continued to retrench 
and to institute major efforts to lower oper- 
ational costs. On the other hand, copper 
consumption by U.S. copper fabricators con- 
tinued to recover, with demand exceeding 


supply nearly every month since December 
1983. World stocks of refined copper held by 
industry and metal exchanges receded al- 
most without interruption by about 486,000 
metric tons during the year to 1.2 million 
tons at yearend 1984. Nevertheless, the 
continued presence of the large remaining 
inventories was a major factor in the 
severely depressed price during the year. 


Table 1.—Salient copper statistics 
(Metric tons unless otherwise specified) 


1980 1981 1982 1983 1984 
United States: | 
Ore produced thousand metric tons 221,597 277,674 181,944 177,993 171,911 
Average yield of copper percent. 0.48 0.51 0.55 0.51 0.57 
Primary (new) copper produced: 
From domestic ores, as reported by: 
jo "a —————— 1,181,116 1,588,160 1,146,975 1,088,098 . 1,091,284 
Value_________ thousands $2,666,931 $2,886,440 — $1,840,856 $1,751,476 $1,608,422 
Smelters_________________-_ 994,479 1,294,962 940,547 888,130 989,720 
Percent of world total 13 16 112 11 12 
Refinerie s 1.126, 231 1,430,210 1,064,533 1,003,668 1.084.258 
From foreign ores, matte, etc., as reported 
by refiner ies 88,957 113,807 162,245 178,422 115,930 
Total new refined, domestic and 
foreign. _____________~_ 1,215,188 1,544,017 1,226,778 1,182,090 1,200,188 
Refined copper from scrap (new and old) _ _ _ _ 515,083 493,552 467,549 1401, 668 309,489 
Secondary copper recovered from old 
scrap onyyy))) 613,458 598,122 517,726 1449, 478 465,120 
Exports: Refined |... 14,489 24,397 30,558 81,397 91,414 
apo or consumption: 
E EE “3d 426,948 330,625 258,439 459,568 444,699 
Unmanufactured! FCC 1554, 664 1437, 786 1513,202 1633, 657 530,765 
Stocks, Dec. 31: Total industry and 
Refined -_-----------------—- 294,000 465,000 676,000 672,000 536,000 
Blister and materials in solution 272,000 277,000 233,000 174,000 282,000 
OU M" ee eee 566,000 742, 000 909,000 846,000 168,000 
Consumption: 
Refined copper (reported 1,862,096 2,025,169 1,658,142 71,803,931 2,036,202 
Apparent consumption, primary and old 
copper (old scrap only jj r2 179,000 2,277,000 71,761, 000 12,014,000 2,155,000 
Price: Weighted average, cathode, cents per 
ME tau producers ~~ ____ _ 101.31 84.21 72.80 76.53 66.85 
ducum 
Mine thousand metric tons r7 405 r7 814 7,583 P7 625 €7,838 
Smel tte do— 77,649 78,001 7,910 P8,092 *8,259 
Refineries_______________ do... T8,869 19,171 8,978 P9,117 *9,155 
Price: London, high-grade, average cents per 
poüld 5-2 V2 Bn eee 99.25 79.35 67.14 72.13 62.43 
Estimated. Preliminary. Revised. 
1Incudes copper content of alloy scrap. 291 
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Although U.S. producers continued to 
talk of the need for restraint, world mine 
copper production was estimated to have 
significantly exceeded that of 1983. Increas- 
ed mine production was indicated by Cana- 
da, Chile, Indonesia, Iran, Mongolia, Peru, 
Poland, Spain, Sweden, the U.S.S.R., Yu- 
goslavia, Zaire, and Zimbabwe. The United 
States also was able to maintain a produc- 
tion rate that was slightly higher than that 
achieved in 1983 as the mining industry 
continued to shift production to lower cost 
facilities and moved to take advantage of 
cost cutting resulting from economies of 
scale. Countries such as Australia, Brazil, 
Finland, Japan, Morocco, Papua New 
Guinea, the Philippines, the Republic of 
South Africa, and Zambia indicated produc- 
tion decreases for the year. 

In addition to the influence of market 
supply and demand on copper prices, sever- 
al other factors had major impacts and were 
expected to continue to exert downward 
pressures on prices. Some analysts attrib- 
uted as much as 15% of the decline in U.S. 
prices for copper to the strength of the 
dollar against most currencies. Speculative 
interests that influenced copper market 
fundamentals related to supply and demand 
in the past seemed to have evaporated. 
Some analysts related this phenomenon to a 
decrease in the number of active merchants 
in the market, and to the increasing role 
of Government-owned marketing agencies 
that were paying more attention to chang- 
ing monetary relationships than to supply 
and demand. 

High imports of copper and copper-alloy 
products continued to plague much of the 
domestic industry. Although the brass mill 
and ingot maker segment of the industry 
enjoyed a robust first half of the year, by 
yearend parts of this industry were begin- 
ning to feel the impact of foreign competi- 
tion with depressed domestic prices for 
their products resulting from increased im- 
ports of lower priced materials. Copper- 
alloy-producer demand for scrap decreased 
and exports of scrap increased significantly, 
with the result that there were spot short- 
ages of certain types of scrap in some areas. 
Nevertheless, some parts of the U.S. fabri- 
cation industry were able to conduct brisk 
business during the year. Copper wire and 
tube mills and specialty brass mills enjoyed 
a robust year for many of their products as 
consumption tied to the housing, automo- 
tive, and electronics industries continued 
healthy growth during the year. 
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Trade issues relating to tariffs and trade 
practices of other countries, the free trade 
versus fair trade debate, foreign producer 
plans for expansion, the use and effects of 
the Compensatory Financing Fund of the 


.International Monetary Fund (IMF) by ma- 


jor copper producers, the devaluations of 
foreign currencies, and the continued high 
international debt of copper producing de- 
veloping nations continued to be the focus 
of attention during the year. High interest 
rates, scarce funds for technological im- 
provements, and the continued pressures of 
the need to bring facilities into environ- 
mental compliance were issues of special 
concern to U.S. producers. Several smelters 
closed by yearend, and some companies 
announced other closures in early 1985 as a 
result of these latter issues. 

Domestic Data Coverage. zz Domestic pro- 
duction data for copper are developed by the 
Bureau of Mines from seven separate, vol- 
untary surveys of U.S. operations. Typical 
of these surveys is the mine production 
survey. Of the 91 operations to which a 
survey request was sent in 1984, 84% re- 
sponded, representing an estimated 99.98% 
of the recoverable copper content in the 
total mine production shown in tables 5 
through 15. Production for the remaining 15 
companies was estimated using data from 
other surveys. 

Legislation and Government Pro- 
grams.—On January 26, 11 major domestic 
copper producing companies filed a joint 
petition with the U.S. International Trade 
Commission (ITC) seeking relief from im- 
ports of refined copper as provided for 


under section 201, commonly known as the 


escape clause, of the Trade Act of 1974. 
Section 201 provides for temporary relief in 
the form of tariffs, quotas, or orderly mar- 
keting agreements for a domestic industry 
that has suffered or been threatened by 
serious injury from imports. In this petition, 
the copper producers cited a 140% increase 
in refined copper imports in 1983 compared 
with imports in 1979, huge industry finan- 
cial losses, and a 38% reduction in the 
copper industry labor force as evidence of 
injury.? As a remedy, the copper producers 
sought import quotas on refined and blister 
copper totaling 350,000 tons per year, about 
two-thirds of the 1983 import level. 

On June 14, the ITC voted An 8 
in favor of the petition, finding that the 
domestic copper industry had been serious- 
ly injured and that imports of refined cop- 
per had been a substantial cause of the 
injury. Though unanimous in their determi- 
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nation of injury, the commissioners did not 
concur on a remedy; two commissioners 
recommended an annual 425,000-ton quota 
for 5 years, two commissioners recommend- 
ed a 5-cent-per-pound tariff increase for 5 
years, and a fifth commissioner found no 
remedy.’ 

On September 6, the Administration an- 
nounced that it had rejected the domestic 
producers’ petition for relief. The decision 
was reportedly based on the contention that 
import restrictions would raise the price of 
copper for U.S. fabricators and would se- 
riously disadvantage the copper fabricating 
industry. The Administration belief that far 
more jobs would be lost than gained by 
imposing restrictions was cited as the larg- 
est single factor in ruling against the peti- 
tion. The adverse effect that restrictions 
would have on the export earnings of heavi- 
ly indebted foreign copper producing coun- 
tries and the resulting negative impact it 
might have on the international financial 
system and on the ability of these countries 
to import U.S. goods were also cited as 
reasons for rejecting restrictions. 

Public Law 98-573, the Trade and Tariff 
Act of 1984, effective October 30, contained 
a nonbinding “sense of Congress” sugges- 
tion that instructed the Administration to 
negotiate voluntary copper import reduc- 
tions with major foreign producers. 

Public Law 98-473, the Continuing Reso- 
lution providing Government appropria- 
tions for fiscal year 1985, enacted in Octo- 
ber, increased the stockpile acquisition fund 
from the $120 million level requested by the 
Administration to $185 million, with the 
suggestion that the low priority given to 
copper as a stockpile item be reconsidered. 
In addition, a “Buy America” clause was 
included requiring that none of the funds be 
used to purchase stockpile materials not 
mined and refined in the United States if 
that material is available in sufficient quan- 
tities from domestic sources. 

On April 3, S. 2524, the Copper and 
Extractive Industries Fair Competition Act 
of 1984, was introduced, which would re- 
quire the United States to vote against use 
of the IMF's compensatory financing facili- 
ty for aiding countries experiencing a short- 
fall in export earnings from nonfuel miner- 
als when the shortfall results from declin- 
ing prices of a commodity in surplus on 
world markets, unless the countries agree 
to “adjust production and not to add further 
excess capacity, and to take other necessary 
action to stabilize the market for such 
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commodity.” Other provisions of the bill 
required U.S. representatives to interna- 
tional lending institutions to take into ac- 
count in their review of loan applications 
“the effect that country adjustment pro- 
grams would have upon individual industry 
sectors and international commodity mar- 
kets.” In addition, the bill would make it 
easier for industry to seek import relief 
from injury caused by import competition 
and would require the President to take 
some action when the ITC makes a recom- 
mendation for relief. Under the existing 
law, the President was not required to take 
action. Another bill, S. 2340, the Copper 
Environmental Equalization Act of 1984, 
introduced in February to aid the domestic 
copper industry, would have increased the 
import duty on copper by up to 15 cents per 
pound, to offset the costs incurred by domes- 
tic copper producers in meeting environ- 
mental requirements. At yearend, neither 
of these bills had passed Congress. 

Legislation was introduced to replace the 
Comprehensive Environmental Response, 
Compensation, and Liability Act of 1980 
(Superfund), which was to expire on Sep- 
tember 30, 1985. The bill H.R. 5640, which 
was passed by the House and at yearend 
was under consideration by the Senate, 
would tax copper, as a toxic element, at the 
rate of $30 per ton. 

On July 11, 1983, the Environmental 
Protection Agency (EPA) proposed regula- 
tions governing arsenic emissions from pri- 
mary copper smelters processing high- 
arsenic feed materials—those containing 
0.7% or greater arsenic—and primary cop- 
per smelters processing low-arsenic feed 
materials—those containing less than 0.7% 
arsenic. The proposed standards required 
additional emissions controls at six copper 
smelters processing low-arsenic feed materi- 
als, and at ASARCO Incorporated’s Taco- 
ma, WA, smelter, the only smelter process- 
ing high-arsenic feed materials. The public 
comment period for the proposed standards, 
which had been extended twice at public 
request, ended on January 31, 1984. As a 
result of information submitted by commen- 
tators, EPA reevaluated low-arsenic copper 
smelters and significantly changed some of 
its emissions and control cost estimates. 
Estimates of inorganic arsenic emissions 
were revised downward for the six low- 
arsenic smelters, and control cost estimates 
for converter operations and matte- and 
slag-tapping operations were generally re- 
vised upward. Using the criteria set forth in 
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the 1983 proposed regulations, it was likely 
that fewer smelters would require addition- 
al controls under the revised estimates. 
EPA reopened the public comment period 
for consideration of its revised estimates 


MINERALS YEARBOOK, 1984 


from September 20 until November 5.“ 
Proposed regulations governing the Tacoma 
smelter were mooted by  Asarco's an- 
nounced intention to permanently close the 
smelter in early 1985. 


DOMESTIC PRODUCTION 


Mine Production.—Copper was produced 
from 76 mines in 10 States during the year, 
with Arizona comprising 69% of the total, 
and New Mexico and Utah in second and 
third place, respectively. The total number 
of mines in 1983 was 105. In 1984, 26 copper 
and 15 byproduct copper mines owned by 19 
companies accounted for 99.995 of domestic 
mine production. The remainder came from 
35 smaller copper operations and mines in 
which copper was a byproduct, and each 
had an annual production of less than 350 
tons. Total U.S. operating mine capacity, in 
terms of recoverable copper, was estimated 
to be 1,462,000 tons as distributed among 15 
major copper mines (1,376,000 tons) 61 
smaller copper mines (38,000 tons) and 
byproduct copper producers (44,000 tons). In 
addition, some 332,000 tons of capacity was 
available at mines maintained on a care- 
and-maintenance basis. Precipitate capacity 
at 12 mines, included in the capacity esti- 
mates above, was about 139,000 tons of 
recoverable copper; electrowinning capacity 
at 9 mines was estimated to be 139,200 tons. 

About 9.5% of total U.S. production of 
gold and 14% of total silver production was 
derived as a byproduct of copper mining. 
The estimated value for recovered gold and 
silver was $0.17 cent per metric ton of ore 
mined, down significantly from that of 1983, 
and nearly one-half the value estimated for 
1980 when these metals values were at their 
highest. The amount of copper ore extracted 
by open pit mining remained high at 92% 
compared with 8% extracted by under- 
ground methods. 

The average production cost (excluding 
byproduct credits, depreciation, and profit) 
was reduced from 98 cents per pound in 
1981 to 76 cents per pound in 1984, based on 
an analysis of 16 operating U.S. mines.5 
Some capacity lost due to mine closures was 
expected to be compensated for by increases 
at several mines that were moving to take 
advantage of economies of scale. 

In the United States, since 1974, about 17 
major and 23 smaller copper mines have 
closed; this is in addition to 19 byproduct 
copper producing mines. Some companies 
were seeking to sell their domestic oper- 


ations. Three major mines (Bingham, Twin 
Buttes, and Palo Verde) were operating at 
less than full capacity at yearend. Of the 
closed mines, some 211,000 tons of capacity 
at six mines was presumed to be on care- 
and-maintenance status, and this did not 
include another 121,000 tons at Carr Fork 
and Twin Buttes, both of which were con- 
sidering more permanent closure measures 
at yearend. | 

A report by Western Economic Analysis 
Center of Arizona indicated that copper was 
the fifth most important source of basic 
personal income in the State of Arizona. 
The copper industry had an average basic 
weekly wage of $555 per week, or some 20% 
higher than that of the transportation and 
manufacturing industries in the State in 
1984. Considering all indirect and direct 
contributions, the copper industry gener- 
ated more than $1.5 billion in personal 
income for Arizona residents, or 50% more 
than the copper industry's sales. The total 
direct and indirect contribution of the cop- 
per industry to Arizona in 1984 was $5.4 
billion in personal and business income 
generated and $412 million paid in State 
and local government revenues. This com- 
pared with the peak year of 1981 when the 
copper industry contributed $8.9 billion in 
personal and business income and paid $713 
million in State and local taxes.* | 

Employment in the U.S. copper industry 
continued to decline. U.S. Department of 
Labor statistics indicated that the average 
number of workers employed during 1984 in 
the domestic copper smelting, refining, min- 
ing, and milling industries was 21,737 com- 
pared with 24,390 in 1983. Substantial cut- 
backs in personnel continued to be made in 
1984 in salaried and hourly personnel at all 
companies. Asarco substantially cut back 
personnel at continuing operations and ad- 
ministrative offices, and effective January 
1, 1985, wages of Asarco’s salaried U.S. 
personnel were to be reduced on a gradu- 
ated scale of 4% to 10%, depending upon. 
salary level. Shares of Asarco stock were to 


be held in trust in amounts equal to the 


salary reduction for each employee. Wage 
settlements with unions representing Asar- 
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co employees in 1984 provided for no in- 
crease in wages, some modification of cost- 
of-living allowances, and for reductions in 
fringe benefits.’ Similarly, overhead costs at 
Phelps Dodge Corp.'s New York and Phoe- 
nix offices were lowered, with staff reduc- 
tions from 524 at the beginning of the year 
to 290 at yearend—a reduction of about 
45%.“ 

Workers at Duval Corp.’s Sierrita Mine 
voted 314 to 286 to decertify their unions, 
which included the United Steel Workers of 
America and three other unions represent- 
ing employees at the Sierrita property. The 
National Labor Relations Board was to 
review the case in early 1985. Decertifica- 
tion elections also were held in the fall of 
1984 at Phelps Dodge's Arizona locations 
and at its El Paso, TX, refinery. In all cases, 
the employees voted against continued 
union representation. 

AMAX Inc.s earnings from operations 
before income taxes in 1984 were $187 
million, compared with earnings of $53 
million before taxes and provision for losses 
on properties and investments in 1983. 
AMAX produced a total of 11,394 tons of 
refined copper from the Twin Buttes Mine 
and other sources of unrefined copper. The 
copper was sold at an average price of 61.3 
cents per pound, compared with an average 
of 71.8 cents in 1983, and comprised 10% of 
the company's total consolidated 1984 
sales.? 

With the exception of the oxide plant, the 
Anamax Mining Co. operations in Arizona 
remained shut down. Anamax owns the 
Twin Buttes Mine and 50% of the Eisen- 
hower Palo Verde Mine, operated by Asar- 
co. At the Twin Buttes Mine, 1,569,000 tons 
of oxide ore containing 0.9% copper was 
processed during 1984. Ore from the Palo 
Verde deposit was mined by Asarco and 
processed into concentrates at Anamax's 
Twin Buttes mill and at Asarco's Mission 
mill. During 1984, however, the Twin Buttes 
mill did not operate. 

Anamax was a defendant in a lawsuit 
brought by the U.S. Government, the Papa- 
go Indian Tribe, and others alleging with- 
drawal of excessive amounts of surface and 
ground water from the Santa Cruz River 
Basin in derogation of their rights to it. The 
plaintiffs sought a permanent injunction to 
prevent the further use of ground water, 
and damages in a unspecified amount. If the 
suit is concluded adversely to Anamax, the 
company could be denied water essential to 
its operations. 
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According to Asarco's annual report, 1984 
proved to be the most difficult year since 
the 1930's. The company had a net loss of 
$306 million in 1984, compared with net. 
earnings of $58.3 million in 1983. The 1984 
results included unusual pretax charges of 
$254 million, reflecting the closing or shut- 
down of certain facilities and the write- 
down in value of properties no longer con- 
sidered to be economic. Asarco recorded a 
$35 million pretax charge against its fourth 
quarter results to writeoff the remaining 
value of its investment at the Sacaton Mine 
in Arizona, which the company closed in 
March 1984. The company also reported a 
charge of $56 million against the 1984 
results to reflect the anticipated $78 million 
cost of closing its Tacoma, WA, smelter in 
1985. 

At the Asarco Mission copper mining 
complex, which includes the adjacent Mis- 
sion, Eisenhower, and San Xavier open pit 
mines, the cash cost of producing a pound of 
copper in concentrates was reduced by 
about 28% between 1981 and yearend 1984. 
The principal contributing factors were in- 
vestments made in 1981 to modernize the 
Mission hauling truck fleet and the mill's 
flotation cells. A new agreement in 1984 
with the Eisenhower Mining Co. joint ven- 
ture to change the mining plans permitted a 
significant reduction in the amount of over- 
burden stripped from the ore bodies and a 
52% reduction in the work force since 1981 
while maintaining copper output at about 
the 1981 level. The San Xavier Mine and 
portions of the Mission Mine were held 
under long-term leases under which the 
lessor retained a royalty interest. Asarco's 
production share of the Eisenhower produc- 
tion in 1984 was 33,700 metric tons of 
copper and 596,000 troy ounces of silver. 
Mission produced 9,435 metric tons of cop- 
per and 1.3 million ounces of silver. San 
Xavier produced 2.3 million ounces of silver 
and 8,537 metric tons of copper. Asarco 
suspended open pit mining operations at its 
Silver Bell copper mine in Arizona in Au- 
gust. A leaching operation at the mine 
continued to produce copper at about one- 
fourth of Silver Bell's normal rate of 19,000 
metric tons per year. 

The 75% Asarco-owned Troy silver- 
copper mine in Montana reduced operat- 
ing costs to a new low in 1984 and made 
metallurgical improvements that increased 
metal recovery and the metal content of 
concentrates, reportedly to a new high. At . 
the Troy Mine, 2.7 million tons of ore was 
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milled, for a recovery of 4.3 million ounces 
of silver and 17,200 metric tons of copper. 
Asarco operated the Troy Mine under a 
lease agreement in which Asarco retains 
75% of net proceeds after operating ex- 
penses, but before depletion, depreciation, 
and income taxes. À lawsuit was filed in 
Montana State Court in 1979 against Asar- 
co, the Montana Department of State Lands 
(DSL) and the Montana Department of 
Health and Environmental Sciences by two 
nonprofit corporations claiming that DSL 
failed to apply the proper environmental 
standards when it granted Asarco's mining 
permit for the Troy Mine. 

During 1984, Boliden Minerals Inc., a 
subsidiary of the Swedish Boliden Group, 
continued with its evaluation of several 
relatively small but high-grade copper-zinc- 
silver ore bodies in the Pinos Altos, NM, 
area and was proceeding with engineering 
studies and acquisition of permits. By early 
1985, Boliden had filed a plan of operations 
with the Gila National Forest authority to 
dispose of mill tailings in an arroyo located 
near the company's proposed underground 
mine, and sent a one-time sale of 8,000 tons 
of chalcopyrite ore to the Chino Mines Co.'s, 
New Mexico smelter late in 1984.“ Boliden 
purchased the deposit from Exxon Minerals 
Co. in February 1982. 

During 1984, the Louisiana Land and 
Exploration Co. continued to divest itself of 
mineral-related assets. In May 1984, the 
company sold its copper and gold mine and 
smelter operations for $55 million. Its 
Copper Range Co. assets were purchased by 
Echo Bay Mines Ltd. of Edmonton, Alberta, 
Canada, not for the copper properties, 
which Echo Bay planned to dispose of, but 
for Copper Range's Nevada gold properties. 

Amoco Minerals Co. incurred a loss of $38 
million in 1984 from its combined minerals 
operations in metals, coal, and industrial 
minerals. This compared with losses of $21 
million in 1983 and $48 million in 1982. The 
primary reasons for the loss reportedly 
were the startup costs of the Thompson 
Creek molybdenum mine in Challis, ID, and 
reduced copper sales volumes, which were 
32% below the 1983 level. A loss of $3 
million was related to the company's two 
foreign joint ventures.!'? 

The company's Cyprus Bagdad copper 
mine in Arizona, which was closed tempo- 
rarily in February, resumed production in 
November, after implementation of cost- 
cutting measures that included a new mine 
plan and new smelting and refining con- 
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tracts. The company believed the Bagdad 
Mine to be one of the lowest cost U.S. copper 
producers. Because of the temporary shut- 
down, production decreased by 70% to 


. 21,800 tons. Proven reserves, at yearend 


1984, were 436 million tons with an average 
grade of 0.44% copper. 

Duval reduced its parent Pennzoil Co. 
Inc.'s 1984 earnings by $83 million. In the 
fourth quarter, Pennzoil took a one-time 
$67 million aftertax write-down on Duval. 
In the first 9 months of 1984, Duval in- 
curred a $28 million loss on its metals 
business, with its Sierrita Mine in Arizona 
reportedly responsible for a principal share 
of this loss. At yearend, Duval announced 
the intended sale of its mineral assets, 
including the Sierrita Mine and the Esper- 
anza and Kingman copper and molybdenum 
mines, all in Arizona. The latter two mines 
had been closed since December 1981. 
Nonetheless, the company had no plans to 
reduce operating levels or to close down 
Sierrita, since closure would be extremely 
costly when the costs of redundancy pay- 
ments and renegotiating contracts, includ- 
ing power contracts, were taken into con- 
sideration.? In the past few years, Duval 
had implemented comprehensive  cost- 
cutting measures at its copper operations, 
particularly labor cost cuts, which brought 
the losses down from $261 million in 1982 
to $33 million in 1983. The company an- 
nounced the permanent closure of its 
CLEAR process electrowinning plant at 
Sierrita during the year. An increased pro- 
duction schedule was introduced at Sierrita 
in late 1984, and production at the mine was 
increased thereby to about 90,000 tons of 
contained copper in ore per year. 

Exxon Minerals continued with explora- 
tion, assessment, and applications for vari- 
ous permits for the Crandon zinc-copper 
deposit in Forest County, WI. About $60 
million had been spent to date by Exxon on 
engineering studies and other activities, 
and the company expected to spend another 
$10 to $15 million to complete its prepara- 
tions.“ Exxon based an employment pro- 
jection of 700 workers on a timetable that 
called for construction of the mine to begin 
in 1986. The company anticipated process- 
ing about 10,000 tons of ore per day; the 
complex ore averages 5.296 zinc, 1.296 cop- 
per, and 0.5% lead. 

Camp Bird Colorado Inc., a 100%-owned 
subsidiary of Federal Resources Corp., own- 
ed or leased mining properties covering 
about 4,380 acres in the San Juan Moun- 
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tains near Ouray, CO. On July 10, 1984, the 
company processed its first ore through the 
recently refurnished 500-ton-per-day flota- 
tion mill at the Camp Bird Mine. Federal 
also executed a mining venture agreement 
with Westar Resources Inc. to explore and 
develop Federal's Lordsburg, NM, mining 
properties. Federal and Westar entered into 
an operating agreement with Phelps Dodge 
for exploration, development, and produc- 
tion from the Lordsburg mining properties. 
Initial driling results were encouraging, 
outlining silica ores with precious metal 
and copper values suitable for shipment as 
flux material to nearby copper smelters. An 
ore reserve of some 442,000 metric tons was 
delineated.!5 

In 1984, Inspiration Consolidated Copper 
Co., a subsidiary of Inspiration Resources 
Corp., operated several open pit mines, a 
two-stage leaching operation, two copper 
concentrators, a smelter, a sulfuric acid 
plant, a solvent-extraction plant, an electro- 
winning and electrorefining tankhouse, and 
a continuous-cast rod plant. Through its 
subsidiary, Black Pine Mining Co., Inspira- 
tion also operated a silver-copper mine in 
Montana. Its inactive mines included the 
Christmas open pit and underground mines 
in Arizona, with proven reserves of about 8 
million short tons of ore averaging 0.63% 
copper in the open pit and 13 million tons of 
ore averaging 1.78% copper in the under- 
ground mine, and the Oxhide and Sanchez 
Mines in Arizona, with 29 million tons of 
0.30% copper ore and 79.4 million tons of 
0.36% copper ore, respectively. 

Inspiration focused its mining activities 
principally in the Joe Bush-Thornton open 
pit mines near Globe, AZ. Oxide ore was 
treated by dump leaching and electro- 
winning with its patented “ferric cure" 
leaching process. In July 1984, Inspiration 
acquired the Bluebird property from 
Ranchers Exploration and Development 
Corp. The Bluebird property is adjacent to 
Inspiration at Miami, AZ, and was esti- 
mated to contain about 50 million tons of 
leachable ore grading 0.40% copper. In 
addition, about 40 million tons of previously 
unavailable Inspiration-owned resources, at 
the common border with the Bluebird prop- 
erty, became accessible with the purchase.“ 

Inspiration made substantial improve- 
ments in productivity and unit costs during 
the year, as a result of capital expenditures 
of previous years and its cost restraint 
program, begun in late 1981. These cost- 
Saving actions included increased plant effi- 
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ciencies, reduction of personnel, and imple- 
mentation of major process improvements 
resulting in increased metal recovery from 
greater volumes of copper ore mined. The 
1984 capital expenditure program of $50.5 
million included $3.3 million for rod plant 
modernization, $2 million for electrification 
of blowers at the smelter, $6 million for 
property acquisition, and $25 million for 
mine development. The company also in- 
tended to spend some $57 million through 
1986 for capital expenditures related to 
environmental protection facilities; of this 
amount, some $3 million was to be spent 
between 1984 and 1985 for environmental 
protection facilities related to the Bluebird 
property. Inspiration continued to operate 
with a reduced work force during 1984.1” 

Kennecott was the largest domestic cop- 
per producer in 1984 with three open pit 
mining and two processing operations, the 
latter of which had a total operating capaci- 
ty of some 288,000 tons of refined copper per 
year. Kennecott’s operational losses in- 
creased from $91 million in 1983 to $160 
million in 1984. The effects of lower metal 
prices were partially offset by improved 
operating efficiencies at some of the com- 
pany's operations, but curtailed production 
at the Bingham Canyon Mine, UT, which 
operated at about one-third of capacity for 
one-half of the year, led to higher operating 
costs, and offset the benefits of these effi- 
ciencies. Combined copper reserves at year- 
end at all Kennecott properties were re- 
ported as 2.7 million tons of ore containing 
15.4 million tons of copper, 11.5 million 
ounces of gold, 113.5 million ounces of 
silver, and 1.7 million tons of molyb- 
denum.'* 

Kennecott’s Ray Mine in Arizona also 
operated at a reduced rate in 1984, produc- 
ing 89,000 tons of copper, mainly in concen- 
trates, which were sold to Asarco for smelt- 
ing at its Hayden, AZ, smelter. Chino Mines 
Co., a two-thirds Kennecott, one-third Mit- 
subishi Metal Corp. partnership, completed 
a $280 million project to modernize and 
expand its mine and concentrator near 
Silver City, NM. The planned $1 billion 
mine improvement scheme at Bingham 
Canyon was being evaluated, and was con- 
tingent upon governmental acceptance of 
the planned improvements and the future 
of the overall copper market. 

In late 1984, Kennecott and Anaconda 
Minerals Co. signed a letter of understand- 
ing for the cooperative operation of the 
mining and concentrating properties and 
facilities of the Bingham Canyon Mine and 
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Anaconda's adjoining Carr Fork property. If 
concluded, Kennecott, the operator, would 
receive 96% of the production. 

The combined loss before income taxes for 
those consolidated and affiliated Newmont 
Corp. companies primarily engaged in the 
production and sale of copper was $56.4 
million in 1984, compared with $51.4 mil- 
lion in 1983, and $60.5 million in 1982. At 
Newmont's Pinto Valley Mine, in Arizona, 
the loss in 1984 before taxes was $9.1 
million, compared with $1.1 million in 
1983.9 Pinto Valley Copper Corp. was 
formed in 1988 to acquire certain Arizona 
assets from Cities Service Co. Newmont 
began open pit mining and milling oper- 
ations in May 1984 at the Pinto Valley Mine 
after being on a standby basis since forma- 
tion. Probable reserves at the Pinto Valley 
Mine were estimated at 338.8 million tons 
containing 0.40% copper and 0.015% molyb- 
denum sulfide (MoS). Newmont's Miami 
East Mine, in Arizona, which remained 
closed in 1984, had probable reserves esti- 
mated at 5.4 million tons containing 3.14% 
copper. According to Newmont's annual 
report, metals produced during 1984 were 
as follows: Pinto Valley Mine had a produc- 
tion of 2,951 ounces of gold, 155,308 ounces 
of silver, 39,650 tons of copper, and 294 tons 
MoS.; Miami East remained closed; Pinto 
Valley electrowinning plant produced 7,552 
tons of copper; and the electrowinning plant 
at Miami, AZ, produced 4,062 tons of copper 
cathode.”° 

At yearend, the largest Newmont subsid- 
iary, Magma Copper Co., announced the 
initiation of a $70 million project involving 
the mining and leaching of the oxide ore at 
San Manuel, AZ. Some 52 million metric 
tons of ore was amenable to open pit mining 
and leaching-solvent extraction- 
electrowinning processes. Company esti- 
mates indicated potential production of 
more than 40 million pounds per year of 
cathode copper from this source starting in 
mid-1986. Test work also was continuing on 
in situ leaching of the more extensive deep- 
er portions of the oxide ore body, which has 
caved because of earlier mining of the 
underlying sulfide ore. Development work 
and capital expenditures at the San Manuel 
Mine were reduced sharply, and develop- 
ment of the Kalamazoo ore body ceased 
completely during the year. Reserves were 
estimated as San Manual oxide, 52 million 
tons of 0.468% copper ore (does not include 
204 million tons of 0.37% copper oxide ore 
under consideration for in situ leaching), 
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and San Manuel Mine, 284 million tons of 
0.694% copper ore containing 0.00143 ounce 
of gold per ton, 0.0263 ounce of silver per 
ton, and 0.028% MoS,. The Kalamazoo ore 
body had reserves totaling 322 million tons, 
containing 0.715% copper, 0.00143 ounce of 
gold per ton, 0.026 ounce of silver per ton, 
and 0.028% MoS,.?: 

Magma's Superior Mine, in Arizona, 
which was closed in 1982, remained on care- 
and-maintenance status throughout 1984. 
Total proven and probable reserves at Su- 
perior were estimated at 4.0 million tons of 
ore with 0.0236 ounce of gold per ton, 0.644 
ounce of silver per ton, and 5.69% copper. 
Complete closure of the mine would proba- 
bly result in permanent loss of the remain- 
ing small reserve owing to the high costs of 
reopening the mine. 


— Phelps Dodge, the second largest copper 


producer in 1984, reported a net loss for the 
year of $267.8 million. According to the 
company's annual report, this was the third 
consecutive year of net losses. The compa- 
ny, which at yearend had a total debt of 
$606 million, was reducing its debt by con- 
tinuing to sell off overseas investments as 
well as to rationalize existing operations 
and improve operating costs. 

Capital expenditures on mining, concen- 
trating, and smelting by Phelps Dodge were 
$54.9 million in 1984, compared with $43.3 
million in 1983 and $65.7 million in 1982, 
according to the company annual report. 
Unit operational costs at Phelps Dodge 
mines and facilities were slightly lower in 
1984 than in 1983, which was also a year of 
significant cost-cutting progress. According 
to the company's annual report, 1984 pro- 
duction totaled 300,465 tons of recoverable 
copper, up from 238,684 tons in 1983. Pre- 
cipitate production at the Phelps Dodge 
Copper Queen Mine, Bisbee, AZ, continued 
and was 1,905 metric tons of recoverable 
copper in precipitates in 1984, compared 
with 2,359 tons in 1983.22 


Phelps Dodge's cost to produce a pound of 


copper in the third quarter of 1984 declined 
by 32% when compared with its average 
costs in 1980, after adjusting for inflation. 
Cost-cutting measures included a reduction 
in the number of workers from 18,000 in 
1970 to 8,150 in September 1984. Cutbacks 
included shutting down of the New Cornelia 
(Ajo) Mine, at Ajo, AZ, in August for an 
indefinite period. The mine had a capacity 
of about 36,000 tons of copper per year, and 
copper ore reserves were estimated at about 
110 million tons containing an average of 
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0.50% copper as well as some silver and 
gold values. The underground mine devel- 
opment program at the company's Safford, 
AZ, property was suspended in April 1982, 
and in August 1984, the mine was allowed 
to flood. Safford had estimated ore reserves 
of 238 million tons averaging 0.88% copper. 
In addition, Phelps Dodge owned the Copper 
Basin property southwest of Prescott, AZ, 
which contained an estimated 158.8 million 
tons of copper-bearing material averaging 
0.55% copper and 0.021% molybdenum. 

At the Morenci Mine in Arizona, Phelps 

Dodge’s principal copper producer, nearly 
196,862 tons of copper was produced, com- 
pared with 176,000 tons in 1981, and with a 
1984 work force that averaged 2,040 employ- 
ees, compared with a work force of 3,230 in 
1981. Of the copper ‘recovered at the mine, 
170,000 tons came from concentrates, and 
26,580 tons was from precipitates. The Mo- 
renci Mine and the adjacent Metcalf Mine 
have a combined ore reserve of about 755 
million tons with an average ore grade of 
0.76% copper. As part of the company’s 
restructuring program, Phelps Dodge pro- 
posed a joint venture with Sumitomo Metal 
Mining Co. Ltd. and Sumitomo Corp. of 
Japan for a significant minority interest in 
the Morenci, AZ, properties and facilities, 
excluding the Morenci smelter. A letter of 
intent was expected to be signed in January 
1985. 
At Phelps Dodge's Tyrone, NM, open pit 
mine, the operating schedule in November 
was increased from 5 to 7 days per week, in 
order to achieve significant unit cost im- 
provements. To maintain continuous pro- 
duction, an additional $5 million tailings 
disposal facility was under construction at 
yearend. Ore reserves at the Tyrone Mine 
were estimated to be 170 million metric tons 
of ore with an average grade of 0.80% 
copper. The average grade of ore mined in 
1984 was 0.77% copper. 

Smelter Production.—Despite the contin- 
ued contraction in various parts of the 
industry, U.S. smelter production of copper 
increased in 1984, compared with produc- 
tion in 1983. Twelve primary smelters with 
a total output capacity of 1,544,000 tons of 
copper operated during the year. One closed 
late in the year, and companies announced 
that three more were expected to close in 
early 1985. About 524,000 tons of capacity 
would be affected by the four smelter clo- 
sures. Some 210,000 tons of secondary 
smelter capacity also operated during the 
year at 10 plants. Operations at the AMAX 
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secondary smelter complex at Carteret, NJ, 
continued to be curtailed. Federated Metals 
Co. also was to shut its secondary plants in 
Texas and New Jersey. 

Installed at a cost of $132.6 million, the 
modernization project at Asarco's Hayden, 
AZ, smelter was completed in 1984. In 
August, the smelter achieved its highest 
monthly operating rate in 10 years with its 
new oxygen flash smelting furnace. The 
new Inco-type furnace proved to be more 
energy efficient and cost effective by elimi- 
nating production curtailments for air qual- 
ity control purposes, although a problem 
was encountered with dust in the gas han- 
dling system, requiring frequent cleaning. 
To solve this problem, an electrostatic pre- 
cipitator was to be installed during 1985. 
The new furnace also was damaged when 
the furnace arch brick failed prematurely. 
About 155 workers were laid off while 
repairs were made in late 1984.23 

Processing margins for Asarco’s custom 
smelting and refining business suffered dur- 
ing 1984 as low copper prices caused idling 
of about 40% of U.S. copper mine capacity. 
Competition for the reduced supply of avail- 
able concentrates resulted in a reduction in 
smelting and refining fees. Asarco respond- 
ed by cutting costs through shutting down 
facilities and making substantial cutbacks 
in salaried and hourly personnel at continu- 
ing operations and administrative offices. 
The full effect of the cutbacks was expected 
by the company to reduce its operating costs 
by over $60 million in 1985.24 

In June, Asarco announced plans to ter- 
minate copper smelting operations at its 
Tacoma, WA, plant in March 1985. The 
Tacoma plant had been operating at a loss 
for the past 5 years and was faced with ex- 
ditures in excess of $150 million over the 
next 3 years to install new copper smelting 
facilities that would comply with environ- 
mental regulations. Production of arsenic 
trioxide from arsenical residues received 
from other smelters may be continued at 
Tacoma. The total cost of shutting down 
Tacoma was estimated at $60 million, par- 
tially offset by a credit of $22 million from 
changes to estimated costs for previous 
plant closings elsewhere. According to the 
company's 1984 annual report, total com- 
bined production from the two smelters at 
El Paso, TX, and Hayden, AZ, in 1984 was 
207,000 tons of blister copper. 

In December 1983, Wickland Oil Termi- 
nals, a California corporation, brought suit 
against Asarco as the company alleged to be 
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solely responsible for cleanup costs caused 
. by emissions from slag piles at the site of 
Asarco's former Selby, CA, smelter. Asar- 
co's interests in the Selby site were sold to 
Wickland in 1977. Asarco's motion to dis- 
miss all Federal causes of action was grant- 
ed in 1984. The case was continued with 
respect to causes of action under State law. 

In response to Federal and State air 
quality standards, Inspiration spent about 
$101 million over the 12-year period ending 
December 31, 1983, for the construction of a 
new electric smelter and acid plant and 
related pollution control facilities at Clay- 
pool, AZ. It had not been considered eco- 
nomically feasible to retrofit the existing 
older smelter to meet environmental stand- 
ards. The 1984 capital expenditures pro- 
gram included about $2 million spent on the 
electrification of the newly installed blower 
at the smelter. À prototype converter de- 
signed by Inspiration had been installed in 
1981 at a cost of $8 million and had proven 
to be successful in eliminating converter 
fugitive emissions. Using a two-converter 
operation, the new smelter was capable of 
processing some 336,000 tons of concentrate 
per year; a third converter remained inop- 
erative during the year because of a lack of 
concentrate.?5 

Negotiations between Amoco Minerals 
and Inspiration on a proposed joint venture, 
under which Amoco Minerals would take a 
50% interest in Inspiration's copper smelt- 
er, were terminated on May 1. A project to 
invest approximately $70 million for new 
pollution control equipment and increase 
the effective capacity of the smelter by 
36,000 tons to a full capacity of 136,000 tons 
of copper per year was postponed indefinite- 
ly. 

The Kennecott-Mitsubishi smelter at Chi- 
no, NM, was modified in 1984 to meet all 
environmental standards and to increase its 
capacity to 120,000 tons of copper per year, 
matching Chino's modernized mine and 
concentrator. According to Kennecott's an- 
nual report for 1984, Chino operated at a 
reduced rate and Kennecott's share of pro- 
duction was 59,000 tons of copper. The 
Kennecott copper smelter in Nevada re- 
mained closed in 1984 owing to a shortage of 
copper concentrates for custom smelting. 

Magma Copper Co. had spent approxi- 
mately $50 million through 1984 for en- 
vironmentally related capital additions, 
mostly for the acid plant at its smelter in 
Arizona. In order to be in full compliance 
with prescribed regulations as of January 1, 
1988, and to maintain uninterrupted the 
current rate of smelter production, Magma 
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was expected to have to start modifying its 
smelter by late 1985. Preliminary estimates 
indicated the compliance program would 
require about $150 million. 

Phelps Dodge spent $19.4 million at its 
Morenci, AZ, smelter in 1984, bringing the 
total to $248 million spent at the smelter for 
pollution control measures. In addition to 
these direct costs, both the Morenci and Ajo 
plants had been either closed or had produc- 
tion limited at times in recent years to 
enable retrofitting with more effective 
pollution control equipment. An oxygen 
sprinkle system designed to reduce sulfur 
dioxide emissions was installed at Morenci 
in 1988, and production was curtailed from 
time to time to comply with ambient air 
standards. Although it has a design capaci- 
ty of 160,000 tons per year of blister copper, 
the smelter has been producing at only 
about 100,000 tons per year because of 
recurring curtailments.? 

At yearend, Phelps Dodge decided not to 
invest the additional money necessary to 
meet environmental compliance standards 
for the Morenci smelter, and on December 
31, 1984, operations at the smelter were 
suspended. With the shutdown of the New 
Cornelia (Ajo) Mine in Arizona in Septem- 
ber 1984 and the negotiated termination of 
a toll smelting contract with Cyprus Miner- 
als Co., smelting requirements no longer 
justified the immediate completion of the 
capital program to bring the Morenci smelt- 
er into full compliance with air quality 
regulations. The smelter was not, however, 
expected to reopen until it was brought into 
full compliance with air quality regulations, 
which the company expected to require 
capital expenditures of about another $50 
million. 

Phelps Dodge had planned for the Ajo, 
AZ, smelter to be in full compliance with 
Federal environmental regulations by year- 
end 1985, but decided finally in late 1984 to 
close the smelter instead early in 1985. This 
action followed the decision to close the 
mine at Ajo. Additional facilities also would 
be required at the company’s Douglas, AZ, 
smelter in order to bring that smelter into 
compliance with existing environmental 
regulations. According to the 1984 annual 
report, Phelps Dodge believed that the cost 
could not be economically justified. As a 
result, the Douglas facility was scheduled 
for closure by the end of 1987, at the latest. 
An environmental group filed a lawsuit 
contesting the company’s right to continue 
operating the smelter during the interim 
period.?* 
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Phelps Dodge's Hildalgo, NM, copper 
smelter was taken out of service for 4 
months for a $27 million overhaul of the 
flash furnace and refurbishing of other 
facilities in the smelting and sulfuric acid 
production complex. Renovations reported- 
ly resulted in increased operating efficien- 
cies and throughput. 

Refinery Production.—Compared with 
the 1983 level, production of refined copper 
from U.S. primary and secondary plants 
was down in 1984. This was largely the 
result of decreased processing of secondary 
materials. Refined production from primary 
plants increased slightly. In 1984, 12 
electrolytic refineries, 10 electrowinning 
plants, and 9 fire-refining facilities oper- 
ated. By yearend, however, one fire-refining 
plant and three secondary electrolytic refin- 
ing plants had closed. 

By early 1984, the copper processing oper- 
ation at the Carteret, NJ, plant of AMAX’s 
subsidiary, U.S. Smelting and Refining Co., 
was converted from secondary copper smelt- 
ing and refining to an operation emphasiz- 
ing the processing of precious metals- 
bearing raw materials and the production of 
specialty coppers. In this connection, an 
asset write-down of $11 million was taken, 
applicable to the phaseout of the major 
copper refining facilities. 

AMAX also expected to close its Port 
Nickel, LA, copper-nickel refinery, follow- 
ing termination of its matte supply contract 
with Bamangwato Concessions Ltd. (BCL) of 
Botswana, early in 1985. BCL requested 
AMAX to terminate the long-term contract 
in order to allow BCL to replace AMAX 
with other refiners as purchasers of its 
output. Negotiations were in progress at 
yearend regarding the compensation to be 
paid to AMAX. With the contract termi- 
nated, AMAX would close its Port Nickel 
copper-nickel refinery, including property, 
plant and equipment, and related supplies 
valued at $67 million. BCL is a subsidiary 
mining company of Botswana RST Ltd. 

Asarco's Amarillo copper refinery in Tex- 
as increased its operating rate to about 85% 
of capacity for most of 1984, up from about 
55% in late 1983 and early 1984, according 
to the company's annual report, but oper- 
ations continued to be affected by shortages 
of raw materials, particularly copper scrap. 
A new process for parting gold at the 


refinery was started up in August and 


significantly reduced the amount of gold 
held in other byproducts during copper 
refining. The Realtrol process for electroly- 


tic refining, in use at Amarillo since 1980, 
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continued to generate an estimated savings 
in excess of $1 million per year. The process 
was patented by Asarco in 1984 and has 
been licensed to two other copper producers. 
The rated refinery capacity at Amarillo was 
316,000 tons of cathode copper. In 1984, 
Asarco's refined metal production was de- 
rived 26% from its own mines, 54% from 
custom refining, and 20% from toll refining. 
This constituted a change since 1980 when 
17% was from the company's mines, 47% 
was from custom refining, and 36% was 
from toll refining. 

As a result of the disposal of its mining 
properties, Louisiana Land and Exploration 
realized a loss of $4.2 million in 1984, 
including a $28.9 million charge for the 
write-down of the Copper Range electrolytic 
copper refinery at White Pine, MI, to its 
estimated realizable value. In the transac- 
tion, the refinery was retained by the com- 
pany, but leased to the purchaser with an 
option to acquire the refinery at the end of a 
3-year lease term. 

The electrowinning plant at the Cyprus 
Bagdad Mine, in Arizona, produced some 13 
million pounds of high-grade cathode, ac- 
cording to the company's annual report. 
The Cyprus Johnson electrowon plant also 
produced 9 million pounds of cathode cop- 
per from already mined ore, but operations 
reportedly were scheduled to be shut down 
in 1985. 

Refined copper produced by Inspiration 
was either sold or fabricated into 
continuous-cast rod at the Inspiration cop- 
per rod plant. Upgrading the refinery oper- 
ations over the 5-year period through year- 
end 1983 at a cost of $3 million had greatly 
improved operating efficiency during 1984. 
The company’s 1984 capital expenditure 
program included an outlay of $3.3 million 
for rod plant modernization. A new quality 
control laboratory had been installed in 
1982 for rod quality optimization. 

Operations remained curtailed at Ken- 
necott’s Refining Div. copper processing 
plant near Baltimore, MD. The plant had 
been closed since mid-1983. 

Magma, Newmont’s largest subsidiary, 
produced 130,294 tons of refined copper in 
1984, compared with 99,111 metric tons in 
1983. In addition to refined copper, the 
company also produced precious metals, 
molybdenum-bearing concentrates, and sul- 
furic acid as byproducts. Magma suffered its 
fourth consecutive year of losses in 1984 
because of low copper prices, despite achiev- 
ing significant reductions in operating costs 
during the year. _ 
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Phelps Dodge's new $35 million solvent 
extraction and electrowinning plant at Ty- 
rone, NM, began production in April. De- 
signed to produce about 15,000 tons of good- 
quality copper per year, it was reported to 
be producing copper at a cost well below 30 
cents per pound. At yearend, the company 
announced plans to double the capacity of 
the plant at a cost of about $30 million, of 
which $11 million was to be spent in 1985 
and $4 million in 1986, with production at a 
rate of about 27,000 tons per year expected 
early in 1986. According to the company's 
1984 annual report, Phelps Dodge's El Paso, 
TX, refinery processed 340,380 tons of cop- 
per and had a capacity of about 380,000 tons 
of electrolytic copper per year. 

Sulfuric Acid Production.—Approaching 
that of the record-high years of 1978, 1979, 
and 1981, sulfuric acid production at domes- 
tic copper plants totaled 2.2 million tons in 
1984, a significant 22% increase above that 
of 1983. Rather than being a reflection of 
increased copper production, however, the 
increased sulfur capture was the result of 
more efficient recovery capture methods at 
smelters. Marketing of the increased sul- 
furic acid supply was a problem for copper 
smelters. There existed a need to address 
the problem of transportation and distribu- 
tion systems in order to move and market 
the acid. Hampered by a limited mix of 
grades, the quality of acid produced was 
also being addressed. In addition, since 
bypass operations were no longer allowed, 
smelters could not operate independently of 
acid production, and it became more appar- 
ent that the production of acid was an 
integral part of the cost of smelting. Turn- 
ing sulfuric acid production into a credit 
rather than a liability was a challenge that 
copper producers considered a high priority. 
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Copper Sulfate.—Copper sulfate was pro- 
duced from copper scrap, blister copper, 
electrolytic refinery solutions, and spent 
electroplating solutions by at least seven 
companies. It was usually sold as pentahy- 
drate crystal containing about 2596 copper 
by weight, and available in several mesh 
sizes or as basic copper sulfate powder, 
containing about 5396 copper. Imports, pri- 
marily from Canada, Italy, and Peru, 
accounted for about 5% of domestic con- 
sumption during the year. 

An estimated 55% of shipments from 
domestic producers was for agricultural 
uses such as fungicides and fertilizers, and 
45% was for industrial uses such as metal 
finishing, mineral flotation, and wood pre- 
servatives. At midyear, Anaconda began 
producing small quantities of copper sulfate 
at the electrowinning plant associated with 
its Twin Buttes Mine in Arizona. | 


Table 4.—Copper sulfate producers in the 
United States in 1984 


Company Plant location 


Anaconda Minerals Co Twin Buttes, AZ.! 


Chevron Chemical Co Richmond, CA. 
CP Chemicals Ine Sewaren, NJ, and 
Sumter, SC.! 
International Metals Recy- Casa Grande, AZ. 
cling Corp. 
Madison Industries Inc Old Bridge, NJ. 
Phelps Dodge Cord Laurel Hill, NY, and El 


Paso, TX. 
Santa Fe Springs, CA,! 


Southern California Chemi- 
cal Co. Union, IL, Garland, 
TX.! 


Tennessee Chemical Co Copperhill, TN. 


Production from these plants is not included in produc- 
tion data. 


~ CONSUMPTION AND USES 


Apparent consumption of refined copper 
increased 7% over that of 1983 and was 22% 
higher than the recession year of 1982. 
However, it remained some 5% below the 
1981 level and 11% below the record 1979 
level. The increase in demand during 1984 
was mostly met by shipments from stocks, 
the slight increase in refinery production 
from primary domestic and foreign materi- 
als being more than offset by the decline in 
net imports of refined copper and the 
amount of copper recovered from old scrap. 

Refined copper was consumed in the man- 


ufacture of fabricated and semifabricated 
shapes and chemicals at approximately 20 
wire rod mills, 40 brass mills, and 1,000 
foundries, chemical plants, and miscella- 
neous manufacturers. The end-use distribu- 
tion of copper and copper-alloy mill prod- 
ucts in 1984 was estimated, according to 
the Copper Development Association Inc. 
(CDA), to be 36% in building and construc- 
tion, 26% in electrical and electronic prod- 
ucts, 16% in industrial machinery and 
equipment, 11% in transportation equip- 
ment, and 11% in consumer and general 


COPPER 


products. If the electrical components are 
extracted from the end-use categories de- 
Scribed above, electrical uses accounted for 
about 60% of copper demand. 

Although copper has lost market share 
owing to substitution of alternate materials 
in some areas such as overhead high-voltage 
power transmission, plumbing pipe and fix- 
tures, telecommunications, and automotive 
radiators, there were several areas where 
copper was experiencing a growth in de- 
mand. According to industry analysts, the 
use of beryllium-copper alloys was expected 
to grow in the near term at an annual rate 
of 12% per year in materials applications 
requiring a combination of high electrical 
conductivity and mechanical strength, and 
for applications requiring wear and corro- 
sion resistance. Although the copper con- 
tent per automobile for radiators has declin- 
ed in recent years owing to downsizing, the 
use of thinner gauged metal, and aluminum 
alternatives, the use of electronically con- 
trolled devices requiring copper connectors 
and wiring has proliferated. As a result, 
copper product shipments for automotive 
use, which according to CDA estimates rose 
1796 in 1984 to 182,000 tons, outstripped by 
several percentage units the growth in do- 
mestic automotive production. Other 
areas where copper usage was expanding 
included copper roofing, large-diameter do- 
mestic copper pipe for applications such as 
sprinkler systems in commercial buildings, 
and saltwater piping systems. 

In 1984, copper wire rod mills, producers 
of the wire rod semifabricated product used 
for drawing into wire at wire mills, ac- 
counted for 70% of reported refined copper 
consumption. Though the majority of wire 
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and wire rod mills are located in the heavily 
industrialized areas of the Eastern and 
North-Central United States, some were 
associated with copper refineries in Texas 
and Arizona. Most of domestic wire and rod 
mill capacity was operated by primary and 
secondary copper producers that processed 
their own refined copper as well as both 
purchased and tolled material. It was esti- 
mated that while most domestic producers 
of refined copper continued to publish 
prices for cathode, nearly 70% of their sales 
of refined copper was in the form of wire 
rod. 

Consumption of refined copper at brass 


mills, the second largest copper consuming 


industry, increased in 1984 by 16% over 
1983 levels to the highest level since 1979. 
The CDA reported a 15% increase in pri- 
mary brass mill shipments, the highest 
level since 1979, and the Copper and Brass 
Servicenter Association reported the high- 
est level of shipments from service center 
warehouses since 1978, when it first started 
recording service center shipments. The 
importance of service centers in supplying 
copper fabricators with semimanufactured 
products continued to grow during 1984 in 
the face of high interest rates and the 
consumer's desire to reduce inventory car- 
rying costs. 

At yearend, however, demand for brass 
mill products had eased considerably, and 
lead times for delivery of products, which 
had reportedly been as long as 16 weeks 
during the first half of 1984, had been 
reduced by one-half?! Imports of alloyed 
and unalloyed copper and brass mill prod- 
ucts also increased by 44% over 1983 levels 
to a record-high level of 263,000 tons. 


STOCKS 


Most of the decline of domestic refined 
Stocks, including those held by producers, 
consumers, the Commodity Exchange Inc. 
(COMEX) of New York, and the U.S. Gov- 
ernment, was attributed to offtake of 
120,000 tons from COMEX. Stocks on the 
London Metal Exchange (LME) fell even 
more markedly, declining by 310,000 tons to 
126,000 tons, the lowest level since Febru- 
ary 1982. 

Despite the large deficit in U.S. copper 
production relative to demand, COMEX 
stocks fell relatively little when compared 
with the LME stock decline. This was gener- 
ally ascribed to the low quality of stocks 
held in COMEX warehouses owing to the 


existence of a single copper contract based 
on electrolytic cathode but which allowed 
delivery of other forms of copper at specific 
discounts or premiums. Consequently, in 
the face of strong rod mill demand, much of 
the domestic deficit was met by imports of 
electrolytic cathode. 

Most of the decline in COMEX stocks 
occurred during the second half of the year. 
This was attributed to producers such as 
Kennecott, which had cut production and 
had reportedly purchased copper to satisfy 
customer demands. Domestic producer 
stocks of refined copper declined markedly 
in response to strong demand early in the 
year to a low point in May, when a sharp 
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upturn in inventories occurred in response 
to weakened consumer demand. Producer 
stocks declined again in the last quarter of 
1984 in response to production cutbacks and 
the need to meet contract commitments. 
Consumer stocks rose during the first 
quarter of 1984 owing to strong demand and 
increasing prices, but reversed their up- 
ward trend at midyear. 

On November 2, Chicago's Mid-America 
Commodity Exchange began trading a 
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12,500-pound copper futures contract, one- 
half the size of the COMEX contract. Settle- 
ment prices were to be established by the 
corresponding COMEX contract. The base 
grade was to be electrolytic cathode, with 
wirebar and electrolytic ingot and ingot bar 
carrying slight premiums. The contract was 
designed to attract medium-sized manu- 
facturers, scrap dealers, and secondary re- 
finers.?? 


* PRICES 


U.S. producer prices for refined copper 
cathode increased from a monthly average 
of 66.097 cents per pound in January to an 
average of 74.67 cents per pound in April. 
On October 27, the domestic copper produc- 
ers cathode delivered price dropped to 
61.674 cents per pound, the lowest level 
since the mid-1970's. The reduction came 
following a drop in copper prices on the 
COMEX and the LME. By December 1984, 
the price had dropped to a monthly average 
of 63.538 cents per pound. The average U.S. 
producer price for the year was 66.854 cents 
per pound, and the average annual LME 
high-grade cash price was 62.425 cents per 
pound. 

The continued presence of large refined 
copper inventories on the world's stock 
exchanges and at producers and consumers 
was a major factor in the continued de- 
pressed price during the year. In addition, 
other factors that combined to further de- 
press copper prices were the valuation of 
national currencies relative to one another, 
interest rates, national and international 
debt obligations, and investment, market- 
ing, and expansion policies of other produc- 
ers. Since byproduct credits had become 
increasingly important factors in copper 
mining, the prices of gold, silver, molybde- 
num, and cobalt were also important factors 
bearing on the price of copper. Intermittent 
trade with the centrally planned economy 
countries, mostly China and Poland, also 
had temporary but significant influence on 
the copper price. 

Consumers in Japan helped to raise 
prices in early 1984 with heavy refined 
copper purchases, but subsequently with- 
drew from world markets except for occa- 
sional spot purchases. By April, economic 
predictions of a return to higher interest 
rates in the United States caused copper 
prices to retreat sharply within a few days 
as speculators and commission houses sold 


their positions to move their funds into 
other investments. At the same time, auto- 
mobile output leveled off during April, 
housing starts were down, and brass mill 
consumption, which had been strong during 
the first quarter, dropped significantly. The 
price decline was considered by some to be a 
paradox with prices falling coincident to 
shrinking inventories. The downward move- 
ment was a reflection of the continued 
market pessimism over the poor state of the 
copper market. 

According to some analysts, as much as 
10% to 15% of the decline in U.S. prices for 
copper could be attributed to the dollar's 
Strength. The strong dollar, along with high 
interest rates and the developing countries' 
debt crisis to which it was linked, pressured 
resource-rich developing countries to step 
up their metal exports. The weak economies 
allowed for less internal consumption, 
again encouraging exports, regardless of 
metal prices. 

Since many raw materials produced 
abroad were priced in dollars, even in for- 
eign markets, the stronger dollar made it 
more expensive for foreign countries to buy 
these commodities with their own curren- 
cies. This depressed demand worldwide, but 
increased import competition in the United 
States, thus helping to push down the price 
of the commodity. Most Western industrial 
nations did not enjoy the robust recovery 
that the United States experienced. 

In late 1984, the copper industry worked ~ 
out contractual agreements with customers, 
specifying tonnage, terms, premiums, and 
the numerous factors making up typical 
copper supply arrangements, but producers 
remained less than enthusiastic about 
selling because of the poor market. Corpor- 
ación Nacional del Cobre de Chile 
(CODELCO-Chile) raised its premium on 
copper cathode in its November contracts 
from 0.75 cent per pound to 1.5 cents per 
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pound effective January 1, 1985. CODELCO- 
Chile's price was c.i.f. U.S. ports with cus- 
tomers paying for unloading and freight. 
Customers were also to pay financing costs 
incurred while the copper is on ship, add- 
ing another 2 cents per pound to the CO- 
DELCO-Chile premium. Even so, U.S. pro- 
ducers were charging about a 6-cent-per- 
pound premium over the base COMEX price 
for cathode. 

Severe competition for wire rod sales 
between copper producers and from imports 
during 1984 led to innovative pricing and 
marketing strategies. For example, early in 
the year, Phelps Dodge began offering a 
COMEX-based, rather than a producer- 
price-based, rod premium. 

Since 1980, the world copper concentrate 
supply situation had been steadily tighten- 
ing. This trend accelerated during 1984 with 
smelters having to compete for supplies, 
and smelter charges were reduced accord- 
ingly. The range of delivered prices quoted 
for shipments of relatively clean concen- 
trate for delivery periods of up to 1 year in 
October 1984 was $30 to $40 per ton for 
smelting and $0.055 to $0.06 per pound for 
refining. This compared with an average 
1980 smelting charge of $65 per ton of 
concentrate and a charge of some 8 cents 
per pound for refining. 

At yearend, beryllium copper (alloy No. 
25) strip was selling at $7.25 per pound, and 
rod, bar, and wire were selling at $8.05 per 
pound. Beryllium copper master alloy, f.o.b. 
Reading, PA, Detroit, MI, and Elmore, OH, 
per pound of contained beryllium for a 5- 
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pound ingot was priced at $144.00. Berylli- 
um copper alloy prices reflect a $1 per 
pound base copper price and are composed 
of about 97% copper. Representative prices 
of brass and bronze ingots in cents per 
pound, as quoted by ingot makers, effective 
December 4, 1984, were as follows: alloy 100 
at 91 cents; alloy 110 at 85 to 90.25 cents; 
alloy 193 (88-10-2 group) at 209.50 cents; 
alloy 327 (80-10-10 group) at 86.25 cents; and 
alloy 295 at 164.00 cents. In the yellow 
group, alloy 400 was quoted at 70.25 cents 
and alloy 409 at 81.75 cents.** 

December prices for No. 1 scrap ranged 
from 42 to 46 cents per pound; for No. 2 
scrap, from 34 to 38 cents per pound; for red 
brass turnings and borings, 37 to 38 cents 
per pound; and for No. 115 ingot scrap, 81.50 
to 84.50 cents per pound. This contrasted 
with January 1984 prices, when No. 1 scrap 
was priced at 50 to 51 cents per pound; No. 2 
scrap at 42 to 43 cents per pound; red brass 
turnings and borings at 41 to 42 cents per 
pound; and No. 115 alloy scrap at 84 to 86 
cents per pound. 

Buying prices for key grades of recyclable 
alloys by a number of major brass and 
bronze ingot producers had moved up mod- 
estly in March in response to upward pres- 
sures, increased export competition, and 
shortages that developed in red and yellow 
brass scrap. Although prices softened at 
yearend in response to the drop in primary 
copper prices, foreign producers, because of 
their lower production costs, continued to 
outbid domestic alloy producers for scarce 
scrap supplies. 


TRADE 


Increased imports of low-priced copper 
during 1983 and 1984 depressed prices be- 
low the cost to producers for many U.S. 
mines, prompting the 11 major primary 
copper producers to petition under section 
201 of the Trade Act of 1974 for import 
relief. Although the ITC found that import 
injury had occurred, calling this a classic 
case for which the section 201 clause was 
intended, the Commissioners were split on 
relief recommendations with two recom- 
mending a tariff, two recommending import 
quotas, and one abstaining. On September 
6, import relief was denied. A proposal 
made by the U.S. industry to negotiate 
international production cutbacks, or order- 
ly marketing agreements, also was rejected. 
Nevertheless, it was speculated that a tem- 
porary cutback of 12% would increase total 


export revenues for countries such as Chile 
by as much as 3% within a short period of 
time. 

In the United States, Japanese firms had 
contracts for concentrates from AMAX, 
Anaconda, Cyprus Mining Co., Duval, and 
Chino Copper Co., and were negotiating 
terms with Phelps Dodge for broader in- 
volvement. Japanese companies increased 
purchases of refined copper early in the 
year to compensate for a shortage of concen- 
trates. U.S. exports of refined copper to 
Japan increased significantly in early 1984, 
and in addition, Canada, the Republic of 
Korea, and Japan were leading importers of 
copper scrap from the United States. U.S. 
copper scrap exports in 1984 were up by 
29% and 47%, compared with those of 1982 
and 1983, respectively. 
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WORLD REVIEW 


Consumption of refined copper by market 
economy countries increased by over 996 
from depressed 1983 levels, to the highest 
level since 1979, according to preliminary 
data from the World Bureau of Metal 
Statistics.“ Strong demand in the United 
States for imports of semifabricated shapes 
and other brass mill products as well as 
finished goods served to bolster demand in 
the rest of the world, particularly in Canada 
where demand increased by about 18%. 
Despite an increase in exports, demand in 
Western Europe was relatively weak, with 
the exception of the Federal Republic of 
Germany, which experienced a 9% growth 
in demand. Demand for refined copper in 
both Asia and Latin America was strong, 
increasing by 11% and 9%, respectively. 

World mine production of copper increas- 
ed significantly during 1984. Production 
increases in the Americas, the centrally 
planned economy countries, and Iran were 
contrasted by production declines in Africa, 
the Far East, and Oceania. World produc- 
tion of refined copper, primary plus second- 
ary, also was slightly higher than that of 
1983, despite a decline in refined copper 
recovered from scrap that resulted from a 
general shortage of suitable scrap in the 
industrialized countries. 

As a result of increased world demand 
and a relatively stable refinery production, 
the oversupply that had resulted in increas- 
ing world stocks during most of 1988 was 
sharply reversed at the end of 1983. Total 
world stocks of refined copper declined in 
1984 by about 486,000 tons. Nevertheless, 
despite an improved supply-demand bal- 
ance and spot shortages of some types of 
cathode, continued stock excess exerted a 
downward pressure on copper prices. Most 
of the decline in world stocks was attributed 
to the stock exchanges, LME and COMEX 
Stocks having fallen by 310,000 and 120,000 
tons, respectively. The large decline in LME 
high-grade cathode stocks was attributed 
not only to strong demand in Europe and 
China early in the year, but also to the 
practice of switching; the strong demand for 
refined copper in Japan during the first half 
of the year led foreign producers, particu- 
larly in Chile, to ship production to Japan 
and to cover commitments in Europe by 
taking delivery from the LME of high-grade 
cathode. Wirebar stocks, on the other hand, 
increased during the first half of 1984. 
Owing to a price reversal beginning in May, 


with standard-grade cathode demanding a 
premium over high-grade copper owing to 
short supply in European markets, stocks of 
wirebar, which were deliverable under the 
high-grade contract, were withdrawn as a 
replacement for standard-grade cathode. 
Because wirebar was viewed as a detriment 
to the high-grade contract, serving to de- 
press prices, much criticism was focused on 
its inclusion in the high-grade contract, and 
at yearend, the LME Committee was receiv- 
ing comments on the creation of a separate 
wirebar contract. 

At the IMF annual meetings in Septem- 
ber, delegates from developing nations call- 
ed for negotiation of new international 
commodity stabilization agreements to help 
overcome declining price trends for raw 
materials. In a statement issued after a 
meeting of the finance ministers of develop- 
ing nations, including Zaire and Zambia, 
there was a call for urgent steps to foster 
stabilization and improvement of commodi- 
ty prices. 

A working group was created in March 
within the General Agreement of Trade and 
Tariffs (GATT) to study international trade 
problems affecting nonferrous metals and 
minerals at the request of Australia, Can- 
ada, Chile, Colombia, Peru, and Zaire. The 
group was to identify measures taken by 
importing and exporting countries that 
hampered world trade and was to make 
recommendations on how trade might be 
liberalized. The European Economic Com- 
munity (EEC) presented its complaints to 
the GATT Council, alleging that Japanese 
buyers of copper ore and concentrates were 
pushing European companies out of the 
markets. The EEC said that because of a 
protective tariff, Japanese copper process- 
ing firms consistently pay higher prices for 
copper concentrates than European firms 
can afford, thus assuring raw material sup- 
plies for themselves to the detriment of 
European competitors. 

In the face of high demand and continued 
mine production cutbacks in Canada, the 
United States, and Africa, and an excess 
world refinery capacity, the tight supply of 
concentrates in the international market 
continued from 1983. Treatment and refin- 
ery charges, which had trended sharply 
downward during 1983 in response to sup- 
ply shortages, seemed to stabilize at the 
beginning of 1984 in response to announced 
smelter cutbacks in Japan of about 1546. 
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The source of copper concentrates for 
custom smelting encompassed many devel- 
oping nations such as Chile, Papua New 
Guinea, and the Philippines, as well as 
some mines in Canada and the United 
States. By far, the dominant member of the 
copper custom smelting industry was Ja- 
pan, which operated behind a tariff barrier 
enabling it to be extremely competitive 
when purchasing concentrates and afford- 
ing greater protection in terms of supplies. 
In addition, a number of other nations 
(Brazil, the Republic of Korea, and Taiwan) 
also evolved tariff schemes similar to that of 
Japan, and it was estimated that more than 
80% of custom copper concentrates were 
shipped to smelters in countries that em- 
ploy some form of tariff scheme. Since the 
tariff was set by the government in each 
case, it was interpreted by some as govern- 
ment collusion providing an indirect subsi- 
dy to smelters. The Japanese Government 
argued that the import charge on refined 
copper was levied only as a means of subsi- 
dizing the small Japanese mining industry. 

Poland and China were important during 
the year in continuing east-west trade. Po- 
land was reported as expanding refined 
copper production for the purpose of export 
to Western Europe—nearly one-half as 
high-grade cathodes. Poland also exported 
copper as concentrates, some of which went 
to Japan, as well as about 40,000 tons of 
brass mill products, about one-fourth of 
which was delivered to Western customers. 
Although Impexmetal, Poland's import- 
export agency for nonferrous metals, sold 
copper on the LME and the spot market, 
most of its exports were sold on long-term 
contracts. Continuing a trend that started 
in 1982, Poland expected increases in re- 
fined copper production to reach a level of 
400,000 tons per year by the late 1980's. 

As in 1983, China continued to make 
large refined copper purchases during 1984. 
Copper consumption was increasing in Chi- 
na, where the industry was going more and 
more into downstream operations and high- 
er processing. A Japanese-built copper 
smelter at Quixi with 90,000 tons of annual 
copper capacity was completed in 1984, but 
startup was being postponed for 2 years 
because of infrastructure and mine develop- 
ment problems. Chinese refined copper pur- 
chases in early 1984 were considered to be 
one of the reasons for the continuous de- 
cline in LME stocks. At yearend, however, 
customs figures indicated a sharp drop in 
China’s imports of copper compared with 
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that of 1983, with refined copper imports 
through October reported as 148,627 tons 
compared with 278,604 tons in 1983. 

Canada.—Copper mine production was 
regionally divided between the Provinces of 
British Columbia and the central and east- 
ern Provinces, principally Ontario. Produc- 
tion in Ontario amounted to 41% of total 
production and accounted for most of the 
overall production increase. Despite the in- 
creased production from central and east- 
ern mines, several of the six Canadian 
smelters experienced concentrate short- 
ages. Production from western Provinces 
was generally exported to Pacific Rim 
smelters. In the face of low copper and 
byproduct prices, many producers worked 
to increase their productivity while an esti- 
mated 170,000 tons per year of copper pro- 
duction capacity remained closed. Cost- 
cutting measures by Kidd Creek Mines Ltd. 
allowed it to return to profitability during 
the third quarter. 

In the face of weakened metal prices, the 
Quebec Provincial government offered in- 
centives to several copper projects. In May, 
it was announced that Corporation Falcon- 
bridge Copper would receive funds toward 
development of a shaft on its Ansil property 
near the Lake Dufault copper mine in order 
to determine the viability of the high-grade 
copper deposit. Noranda Mines Ltd. re- 
ceived a loan for accelerated development 
at its closed Gaspe underground mine at 
Mardochville. 

Sherritt Gordon Mines Ltd.'s Ruttan cop- 
per mine, with a capacity of about 20,000 
tons per year of copper, faced closure by 
June. However, closure was forestalled 
when, in March, the Manitoba government 
offered to contribute funds toward a mine 
deepening project that was necessary to 
reduce costs and return the mine to profit- 
ability. At yearend, Sherritt Gordon was 
still seeking to sell a 50% interest in the 
mine in order to help finance the deepening 
project. Declining ore grades at its nearby 
Fox copper-zinc mine led to announced 
closing of that mine by early 1986. Closing 
of both these mines could adversely affect 
Hudson Bay Mining and Smelting Co. Ltd.'s 
Flin Flon smelter, which received nearly 
one-half of its concentrates from Sherritt 
Gordon. At midyear, Noranda Mines cut 
production at its Canadian Copper Refiners 
Ltd. copper refinery in Quebec owing to a 
shortage of blister stemming from cutbacks 
at Quebec mines and a shortage of concen- 
trates. 

Other selected openings and closings that 
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occurred during 1984 included the indefi- 
nite closure of Tech Corp.’s Highmount 
Mine in British Columbia in September; 
closure of Esso Resources Canada Ltd.'s 
Granduc Mine in April; reopening of Noran- 
da's copper-molybdenum mine in May, fol- 
lowed by closure again in December; and 
the announced closure by Corporation 
Falconbridge Copper of its Lake Dufault 
copper mine in Quebec in late 1986 or early 
1987 owing to depletion of the ore body. 

Chile.—Copper mine production increas- 
ed slightly to record-high levels in 1984. The 
Government-owned CODELCO-Chile, with 
ore reserves estimated at 113 million tons of 
recoverable copper, increased production 
from 1.01 million tons in 1983 to 1.05 
million tons in 1984 and accounted for 81% 
of Chilean copper production; it operated 
four mining divisions, Chuquicamata, El 
Teniente, El Salvador, and Andina. Chuqui- 
camata and El Teniente, the world's largest 
open pit, as measured in terms of copper 
produced, and underground copper mines, 
respectively, accounted for about 81% of 
CODELCO-Chile copper production. The 
state-owned custom smelting and refinery 
company, Empresa Nacional de Minería 
(ENAMD, which buys ores from smaller 
mines and sells refined copper, produced 
173,000 tons of refined copper in 1983. 
Though mining's share of export earnings 
dropped about 20% from that of 1983, min- 
ing remained as the chief source of export 
earnings, accounting for 60% of the coun- 
try's export earnings in 1983; export earn- 
ings from copper in 1984 were $1.57 billion, 
compared with $1.85 billion in 1983, and 
represented 43% of total export income. 
The unexpected decline in foreign exchange 
earnings from copper owing to lower than 
predicted prices contributed to a 1984 trade 
deficit of $2 billion. In September, to help 
compensate for the decline in copper prices 
and high U.S. dollar interest rates, the peso 
was devalued by 24%. 

Exports of copper to the United States 
and Europe dropped by 40% and 12%, 
respectively, from 1983 levels but were com- 
pensated for by an increase in exports to 
Asiatic countries, particularly Japan. 
CODELCO-Chile, which exported 95% of all 
copper it sold, marketed its products direct- 
ly through a worldwide network of subsid- 
iaries and sales agents. 

As part of a $2 billion, 5-year expansion 
plan announced by CODELCO-Chile in 
December 1983, Fluor Mining and Metals 


Inc. was to construct an expansion of the 
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Chuquicamata concentrator from 100,000 to 
150,000 tons per day of copper ore. The 
expansion, which was aimed at maintaining 
copper production levels in the face of a 
declining ore grade, was expected to in- 
crease copper production at Chuquicamata 
from 550,000 to 650,000 tons per year in 
1988. CODELCO-Chile also let a contract for 
development of the Mina Norte deposit at 
El Teniente, which will include a 15,000-ton- 
per-year concentrator module. Copper pro- 
duction at El Teniente had been dropping 
for the past 3 years, having declined from 
336,000 tons in 1982 to 280,000 tons in 1984. 
At midyear, Chiles Economic Ministry 
issued a revised 3-year plan that forecast 
copper output rising to 1,410,000 tons in 
1986 from an investment in CODELCO- 
Chile of over $14 million. 

In September, a 2.5-kilometer conveyor 
belt to the new crushing station at Chuqui- 
camata broke during startup and delayed 
dismantling of the old crusher station, 
which was located in an area of high-grade 
ore that was scheduled to be mined during 
the year. Mining of alternate, lower grade 
ore was expected to reduce production dur- 
ing 1985 by 45,000 tons. 

Manto Blancos, majority owned by the 
Anglo-American Corp. of South Africa Ltd., 
was the largest privately owned mine in 
Chile. In 1984, it produced 64,000 tons of 
copper from its open pit oxide mine and 
underground sulfide mine. The under- 
ground mine Nora came on-stream.in 1981, 
and in March 1983, a mine concentrator 
and powerplant expansion was initiated to 
restructure the mine completely toward 
sulfide ore owing to the depletion of the 
oxide ore. The planned expansion was ex- 
pected to increase capacity to 85,000 tons 
per year of copper by 1990. 

India.—Copper was produced by Hindu- 
stan Copper Ltd. (HCL), a Government of 
India enterprise that operated three divi- 
sions, the Malanjkhand open pit mine, the 
Indian Copper Complex (ICC), and the Khe- 
tri Copper Complex (KCC). The develop- 
ment of the Malanjkhand Mine, which 
came on-stream during 1983, served to re- 
verse India's declining trend in mine pro- 
duction. The Malanjkhand Mine, with a 
capacity of about 23,000 tons of copper in 
concentrates, had reserves estimated at 366 
million tons of ore grading 1.16% copper 
with a 0.2% cutoff. In 1984, Malanjkhand 
reportedly produced 19,000 tons of copper in 
concentrates from 1.4 million tons of ore 
grading 1.55% copper. Concentrates were 
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shipped to the Khetri smelter for proc- 
essing.?5 

Both ICC and KCC were fully integrated 
units with capacities estimated at 16,500 
and 31,000 tons per year of refined copper, 
respectively. Mine production at these units 
was generally below capacity owing to pow- 
er shortages and available power being 
diverted to smelter and refinery operations. 
Prior to the opening of the Malanjkhand 
Mine, mine production was supplemented 
with concentrate imports estimated at 
about 40,000 tons per year. Despite a 25% 
decline in consumption during 1984 to 
12,000 tons, India remained a major im- 
porter of refined copper. 

Japan.—Japan was the leading world im- 
porter of copper contained in concentrates. 
In response to the tightening of the world 
market in copper concentrates, most of 
Japan's 11 primary copper smelters, with a 
combined capacity exceeding 1.4 million 
tons, cut production by 10% to 15%. Conse- 
quently, production of refined copper de- 
clined by 14% to the lowest level since 1977. 
Mine closures and new smelters in the 
Pacific Rim area resulted in some changes 
in concentrate supply sources. The new 
Philippines Associated Smelting and Re- 
fining Corp. (PASAR) smelter in the Philip- 
pines reduced by one-third the tonnage of 
concentrates from the Philippines available 
to the custom smelting market. By 1984, 
Japan's imports had increased to over 6% 
from sources outside the Pacific Rim. Ja- 
pan's concentrate imports were approxi- 
mately 2.93 million tons in 1984. Despite 
Japan's excess smelter capacity, Dowa Min- 
ing Co. Ltd. announced plans to increase the 
capacity of its Kosaka smelter from 55,000 
tons per year of blister to 66,000 tons per 
year. 

Among market economy countries, Japan 
was the second largest consumer of refined 
copper, with 1984 consumption estimated at 
about 1.35 million tons, up 1196 over that of 
1983. According to Japan's Ministry of In- 
ternational Trade and Industry (MITD, de- 
mand for brass mill products accounted for 
most of the increase in consumption. In the 
face of low production, Japanese smelters 
met their supply commitments by increas- 
ing imports of refined copper; thus, imports 
of refined copper during 1984 increased by 
almost 15%, to 470,000 tons. 

Mexico.—Although smelter development 
projects were planned that could more than 
triple smelter capacity by the end of 1986, 
smelter capacity during 1984 remained far 
behind mine production, and Mexico contin- 


313 


ued to be a major exporter of copper concen- 
trates. Smelters continued to be unable to 
meet domestic demand for blister copper. 
Consumption of refined copper, which had 
declined steadily since 1981 as a result of 
Mexico’s international debt problems, in- 
creased during 1984 by about 10%. 

Reserve estimates at Mexicana de Cobre 
S.A.’s La Caridad Mine, the country’s larg- 
est copper mine, were revised upward to 1.2 
billion tons of ore, making it one of the 
world’s major copper deposits. Following a 
3-day strike in March, production at the 
mine and mill were reportedly at 100% 
capacity. Despite high mining rates, declin- 
ing ore grades have kept production of 
copper in concentrates below the nominal 
180,000 tons per year capacity. An esti- 
mated 95% of La Caridad concentrates was 
exported during 1984. Work on a new $400 
million, 180,000-ton-per-year smelter, 70% 
complete in 19838, remained stalled, re- 
portedly owing to lack of low-interest fi- 
nancing. Construction of a new refinery had 
been indefinitely postponed. 

Expansion of Cia. Minera de Cananea 
S.A.’s mine and smelter complex was re- 
portedly proceeding at a reduced rate with 
local financing following the indefinite de- 
ferral of a $430 million International Bank 
for Reconstruction and Development (World 
Bank) loan in 1983. Construction of a 50,000- 
ton-per-day concentrator and associated 
crushing plant had a target completion date 
of December 1985. Completion of the $250 
million expansion would increase annual 
capacity to 150,000 tons of concentrate. 
Plans also included increasing electrowin- 
ning capacity from an estimated 17,000 tons 
per year to 60,000 tons per year of refined 
copper. Construction of the controversial 
Cananea smelter, which posed potential air 
pollution problems to the United States 
because of its location only 20 miles from 


the international border, had not begun, 


but projections still called for completion 
during 1986. Proven recoverable reserves at 
Cananea were estimated at 1.3 billion tons 
grading 0.65% copper. 

Papua New Guinea.—Production of cop- 
per by Bougainville Copper Ltd. declined by 
19,000 tons to 164,000 tons owing to a 2- 
week strike in November and to declining 
ore grades. Reserves were estimated at 720 
million tons grading 0.40% copper and 0.46 
gram of gold per ton. This compares with 
original reserve estimates prior to begin- 
ning operations in 1972 of 900 million tons 
grading 0.48% copper and 0.55 gram of gold 


per ton. The company reportedly planned 
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to install a 18th ball mill by mid-1985 to 
help offset declining ore grades. 

Gold production at the OK Tedi Mining 
Ltd. gold-copper deposit, 30% owned by 
Amoco Minerals, began in May, but produc- 
tion of copper, originally scheduled to begin 
during 1986, was postponed until at least 
mid-1987. OK Tedi, which has been describ- 
ed as a mountain of copper with a crown of 
gold, is 500 miles inland on a 7,100-foot 
mountain peak. Its remoteness and climate, 
averaging over 340 inches of rain annually, 


has hampered development of the estimated 


350 million tons of copper ore. The total 
overall cost of the project has been projected 
at about $2 billion. 

Peru.—Southern Peru Copper Corp. 
(SPCC), which was jointly owned by the U.S. 
corporations of Asarco, Phelps Dodge, 
Newmont Mining, and Cerro Corp., along 
with the state-owned Empresa Minera del 
Perú (Minero Perú) and Empresa Minera 
del Centro del Perú (Centromín Perú), com- 
prised Peru's large-scale mining sector and 
accounted for 9295 of Peru's copper produc- 
tion. The remaining production was from 
the medium- and small-scale mining sector, 
which consisted of about 30 mining compa- 
nies. Increased production balanced lower 
copper prices, and copper export earnings, 
which accounted for about 14% of Peru's 
total export earnings, remained at about 
the same level as in 1983. 

At yearend, the Tintaya copper project, 
45% owned by Minero Pert, 45% owned by 
Centromín Pert, and 10% owned by Corpo- 
ración Financiera de Desarrollo, the state- 
owned holding company, was nearing com- 
pletion, and was expected to start oper- 
ations during the first quarter of 1985. The 
$320 million open pit mine and concen- 
trator project was expected to produce 
160,000 tons per year of 33926 copper concen- 
trate. When opened, it would be Peru's first 
new copper mine since Cuajone opened in 
19776. 

At yearend, Minero Perü was still un- 
successful in securing a long-stalled $130 
million financing package for development 
of the Cerro Verde II copper sulfide project 
and was considering two smaller projects as 
an alternative. One project would ensure 
the continued use of the Cerro Verde refin- 
ery when Cerro Verde oxides run out in 
1985 by shipping oxides from the new Tin- 
taya project. A second project would involve 
the high grading of sulfide ore from Cerro 
Verde II and the construction of a smaller 
concentrator. The projected cost of the two 
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plants was $55 million. During 1984, pro- 
duction disruptions included a wildcat 
Strike in July at Centromín Perü's mines 
and the La Oroya smelter; a strike in 
Novembér at SPCC's Toquepala and Cua- 
jone Mines and Ilo smelter; and weather- 
related problems in March, which caused 
supply shortages at Centromín Perü's La 
Oroya metallurgical complex. 
Philippines.—Copper mine production in 
the Philippines declined by about 22% from 
the 1983 level. Many of the smaller mines 
remained closed, and Marinduque Mining 
and Industrial Corp.’s (MMIC) Sipalay 
Mine, which closed in October 1983, remain- 
ed closed for the entire year. In 1982, its last 


.full year of operation, the Sipalay Mine 


produced 41,000 tons of copper. Atlas Con- 
solidated Mining and Development Corp., 
the country’s largest copper producer, 
accounted for about 52% of Philippine cop- 
per mine production. In July, the President 
suspended all taxes, duties, fees, and all 
other Government charges on copper mines 
that were unable to maintain viable oper- 
ations without such relief in the face of poor 
copper prices and escalating operating 
costs. As of the end of November, three 
companies, Atlas Consolidated Mining, 
Marcopper Mining Corp., and North Davao 
Mining Corp., had qualified for relief. The 
suspension of payments was to be lifted if 
world market prices for copper became 
adequate to sustain the mining industry. 

In April, MMIC, then 36% Government- 
owned, unsuccessfully sought to restructure 
its massive debt into common shares and 
reopen its copper and nickel mines. How- 
ever, in September, two state-owned banks 
foreclosed on Marinduque and subsequently 
purchased its assets at auction, bringing 
state control up to 87%. At yearend, the 
Japanese trading house, Marubeni Corp., 
acting as agent for Mitsui Mining & Smelt- 
ing Co. Ltd., the principal purchaser of 
Sipalay concentrates prior to its closure, 
was reportedly discussing plans for reopen- 
ing the mine in February. | 

In order to compensate for concentrate 
shortfalls at the new 138,000-ton-per-year 
PASAR smelter and refinery, which was 
36% Government-owned, the Philippine 
Government imposed restrictions on the 
export of copper concentrates. The contro- 
versial restrictions required Government 
clearance for all concentrate exports, in- 
cluding those previously contracted for and 
were particularly worrisome to Japanese 
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smelters, which were dependent on the 
Philippines for an estimated 40% of their 
concentrate feed. In addition, in March, all 
domestic mining companies were required 
to deliver at least 38% of their output to 
PASAR. On June 5, an accidental blister 
spill at the PASAR smelter closed the 
smelter and acid plant for 5 weeks and 
resulted in a declaration of a force majeure 
on copper shipments. The closure of the 
smelter served to ease the pressure on 
export restrictions, implementation of 
which was delayed until June. 

In a move designed to lessen mining 
company objections to shipping concen- 
trates to the PASAR smelter, PASAR re- 
duced its smelting charge by 5.91 cents for 
1985 shipments, reportedly making the 
charges competitive with Japanese rates. 
Under the new contracts, six mines are 
committed to supply a total of 510,000 tons 
of concentrates in 1985, from which PASAR 
expects to produce 138,000 tons of cathode. 

Zaire.—Copper was produced by the two 
state-owned companies, La Générale des 
Carriéres et des Mines du Zaire (Gécamines) 
and by Société de Developpement Industriel 
et Miniére Zaire (Sodimiza). Gécamines, 
which accounted for over 90% of Zaire's 
production, operated 12 open pit and 3 
underground mines in the Province of Sha- 
ba near the Zambian border. Sodimiza, 
which until 1983 was 80% owned by a 
consortium of Japanese companies, oper- 
ated two underground copper mines in Sha- 
ba. Gécamines operated two smelters—the 
Lubumbashi, which was by far the largest, 
and the Panda, which produced black 
copper—as well as two electrowinning re- 
fineries. Most of the electrowon copper was 
fire refined into wirebar at the Shituru 
refinery while black, blister, and the re- 
maining anode, which together accounted 
for about 50% of production, were further 
refined in Belgium. Longstanding refining 
arrangements with Métallurgie Hoboken- 
Overpelt SA (MHO) of Belgium were rene- 
gotiated at the end of 1983, Zaire having 
obtained more favorable terms in light of 
tight world supplies of copper concentrates 
and blister. At the end of 1984, Sodimiza 
reportedly negotiated a 3-year contract with 
General Motors Corp. for Sodimiza's entire 
output of copper, which was estimated at 
about 35,000 tons per year, and was to be 
toll refined in Zambia. 

Beginning in January 1983, Zaire, in 
collaboration with the IMF, began a 15- 
month economic stabilization program that, 
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among other things, succeeded in reducing 
Government debts, improving management 
in major parastatal firms, and cutting 1984 
inflation rates to one-fifth of the 1983 level. 
As part of the reform, the IMF extended 
Special Drawing rights on $228 million in 
December 1983, and an additional $200 
million credit line was expected in 1985. In 
July 1984, the Société Zairoise de Commer- 
cialisation de Minerais (Sozacom) was abol- 
ished, and late in the year, Gécamines, upon 
urging from the World Bank, was split up 
into a holding company with three subsid- 
iaries, which were to oversee production, 
marketing, and agricultural development. 
According to the new Lubumbashi-based 
production division, a new rehabilitation 
and modernization program aimed at main- 
taining annual copper production at 470,000 
tons would be initiated in 1986 and would 
include a new 100,000-ton-per-year smelter 
and refinery. About 60% of the proposed 
$750 million budget would go toward main- 
tenance. 

Zambia.—Copper mine, smelter, and re- 
finery production in Zambia was from the 
state-controlled company Zambia Consoli- 
dated Copper Mines Ltd. (ZCCM). ZCCM, 
60.3% Government-owned, had 7 mining 
divisions, which operated 10 underground 
and 7 open pit mines, as well as 3 smelters, 
refineries, and  electrowinning plants. 
According to ZCCM, the company had de- 
veloped and undeveloped reserves total- 
ing 435.5 million tons of copper ore at a 
weighted-average grade of 3.0596 copper. At 
1984 extraction rates, this represented 
about 16 years of reserves. 

Zambia had been experiencing serious 
financial difficulties in recent years in large 
part owing to depressed prices for copper, 
which accounted for over 90% of its export 
earnings. Insufficient foreign exchange led 
to severe shortages of spare parts and raw 
materials at copper mines and to severe 
disrepair of Zambia's railroads. Economic 
reforms begun in April 1983 encouraged 
increased foreign assistance, and in March 
1984, a World Bank-led $300 million loan 
package ($152 million from ZCCM, $75 mil- 
lion from the World Bank, $70 million from 
the European Development Bank, and $3 
milion from the African Development 
Bank) was negotiated with the intent of 
rehabilitating and extending the life of 
Zambia's copper mines while reducing pro- 
duction by about 50,000 tons per year of 
copper. Development plans included a new 


tailings leach plant at the Nchanga Div., 
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which was expected to produce 520,000 tons 
of copper over a 15-year period. As a result 
of the Government decision in January 
allowing ZCCM to retain 35% of its for- 
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eign exchange earnings to purchase mining 
equipment and spare parts, ZCCM reported- 
ly began to reverse its trend toward declin- 
ing copper production. 


TECHNOLOGY 


A number of copper-nickel alloys were 
being evaluated, some in the fundamental 
stages of investigation, while the technology 
for others was being marketed. The new 
alloys under investigation had the potential 
for corrosion-resistant, high-temperature 
applications such as those in jet engines and 
aerospace equipment that now use more 
costly, and more difficult to form, super- 
alloys. The new alloys were expected to find 


applications in batteries, lightweight air- 


craft, automotive and aerospace applica- 
tions, high-temperature and advanced 
structural uses, fine-particle permanent 
magnets, electrical contacts, welding elec- 
trodes, bearings, and superconducting and 
superplastic materials. 

Using rapid solidification and solid-state 
microblending technology, Battelle Re- 
search Laboratory in Columbus, OH, devel- 
oped a class of alloys including copper- 
chromium and two other new alloys— 
aluminum indium and copper lead—that 
differed from their conventionally process- 
ed counterparts in having more refined 
microstructures. These microcomposite al- 
loys also lend themselves to control and 
manipulation of microstructure and proper- 
ties during processing, permitting users to 
better modify strength, corrosion resis- 
tance, ductility, creep resistance, magnetic 
properties, and friction and wear proper- 
ties. Battelle was marketing the copper-lead 
alloy technology. Made through rapid solidi- 
fication, the copper-lead alloy was believed 
to be particularly well suited for use in self- 
lubricating bearings and offered possible 
ordnance and structural applications. The 
fine dispersions of lead in copper provide a 
continuous supply of lead in applications 
where  self-ubricating conditions are 
desirable. | 

Research was conducted by the Bureau of 
Mines to develop technology for electro- 
depositing copper-nickel alloy coatings on 
substrates of minimal critical metal content 
to provide corrosion protection or to en- 
hance joining. Copper-nickel alloys are not- 
ed for their excellent corrosion resistance 
and strength and are preferred alloys for 
marine environments. Bureau research has 


shown that copper-nickel coatings can be. 


uniquely electroplated in alloy form onto 
metallic substrates from acetate electro- 
lytes. The use of thin copper-nickel coatings 
facilitated the soft soldering of aluminum 
and its alloys, normally not solderable with 
tin-lead solders.” This patented tech- 
nology may find wide use in joining appli- 
cations for aluminum wiring and bus bars, 
and solar energy heat exchangers. 

The application of continuous casting 
technology to various parts of the industry 
was continuing. A rapid-solidification, con- 
tinuous foil caster for copper alloys was 
installed at the research laboratories of 
the Signal UOP Research Center at Des 
Plaines, IL. The foil would be consolidated 
into other forms by sintering, pressing, or 
extruding. In this process, hot metal spin- 
ning to produce foil achieves a significantly 
more rapid cooling and solidification rate 
than the more conventional methods.*® 

New reclaiming equipment, scrap analyz- 
ing instrumentation, and quality control 
devices at brass and bronze ingot makers 
and mills continued to raise the quality 
levels of scrap, in addition to saving energy 
and preserving the environment. New tech- 
nology was expected to continue to change 
the competitive posture of the metal casting 
industry, thus improving productivity and 
profitability. Robotics were being custom- 
ized to perform materials handling, manip- 
ulation, and transfer functions. New robot 
vision capabilities were allowing foundries 
to use them to identify, sort, and inspect 
castings.“ 

The copper industry continued evaluation 
of smelter technologies and their applica- 
tions and economic potentials. Greenfield 
smelter construction has become prohibi- 
tive in recent years. Plant construction 
costs and consumer price indexes have in- 
creased at a much faster rate than metal 
prices, thus reducing profitability and po- 
tential for new smelter construction. Retro- 
fit of existing pyrometallurgical plants and 
changes in operating practices can be viable 
solutions, however, especially if energy effi- 
ciencies and operating costs are improved, 
and sulfur emissions and other toxic wastes 
reduced. Which process to use in a retrofit 
situation has depended upon a number of 
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factors including environmental con- 
straints, cost and availability of energy, 
impurity levels of the concentrate, and 
smelting rate required. A comparison of 
capital costs for converter aisle structures 
and equipment, converters, and sulfuric 
acid plants suggested that for optimum 
economy, the converter aisle operations 
should not involve the use of more than four 
to five converters and should operate at 
increasingly higher matte grades. A logical 
development from the treatment of high- 
grade mattes was the development of the 
continuous conversion of such mattes to 
copper. Since 1959, work had been carried 
out on this subject in Australia, Canada, 
Czechoslovakia, Japan, and the U.S. S. R.“ 

Kennecott announced an agreement sign- 
ed with Outokumpu Oy of Finland for the 
joint development and worldwide market- 
ing of the solid matte oxygen converting 
process patented by Kennecott. The process 
offered significant capital and operating 
cost advantages for new smelters and 
upgraded plants. The new process uses an 
oxygen flash furnace to process solidified 
copper mattes to blister copper, providing 
an alternative to Pierce-Smith copper con- 
verters, standard in copper smelters since 
1906. One furnace operating continuously 
and employing the Kennecott-patented 
process would replace multiple Pierce- 
Smith converters operating intermittently. 
The process also would permit better pro- 
cess control and reduce offgas emissions. 
Kennecott has authorized Outokumpu to 
license the process throughout the world.“ 

Studies by the Bureau* have demon- 
strated that copper electrowinning can be 
combined with electrochemical production 
of sodium perchlorate to achieve a signifi- 
cant decrease in the use of electrolysis 
energy. In order to improve the anode 
current efficiency, research was conducted 
on an electrowinning procedure using a 
cation-membrane (perfluorosulfonic acid 
membrane) to separate the anodic and ca- 
thodic reactions. The method of combining 
electrowinning with coal slurry oxidation to 
achieve a significantly lower cell voltage 
also was investigated. 

Minor element behavior and interaction 
in the copper matte-iron silicate slag system 
and interactions among the minor elements 
such as antimony, arsenic, bismuth, seleni- 
um, and tellurium were investigated by the 
Bureau.“ A better understanding of minor 
element behavior relative to their concen- 
tration, distribution, and association with 
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other elements in the matte and slag of 
smelting systems was expected to lead to 
improved recovery and more efficient ex- 
traction of copper. 

In other Bureau research, hydrometallur- 
gical methods were investigated for treating 
low-grade, complex silver concentrates con- 
taining metal values such as copper, lead, 
and zinc, with a view toward recovering 
these metals by electrolysis from solution. 
Ferric and cupric chloride leaching of com- 
plex silver concentrates containing lead, 
copper, and zinc were investigated in addi- 
tion to chloride-oxygen leaching used in the 
treatment of complex copper-cobalt-arsenic 
concentrate. A stable iron- and arsenic- 
bearing residue, copper, and cobalt sulfide 
were recovered through solution processing 
techniques.“ 

Significant amounts of cobalt are known 
to be present in readily accessible copper 
recycling leach solutions. The Bureau of 
Mines developed a procedure for extracting 
95% of the cobalt using a commercial che- 
lating ion- exchange resin. Recovery of co- 
balt from an existing 10,000-gallon-per- 
minute stream at a U.S. copper leaching 
operation would yield 1.3 million pounds of 
cobalt per year, enough to satisfy about 1096 
of U.S. consumption.“ 

An investigation of the Tangse, northern 
Sumatra, porphyry copper deposit by the 
Indonesian Directorate-General of Mines 
and the U.S. Geological Survey produced 
encouraging results in the study of rutile 
distribution in the delineation of porphyry 
copper deposits in tropical terrains. Because 
rutile is highly resistant to tropical weath- 
ering in alteration zones associated with 
porphyry copper systems, it provides poten- 
tial for a prospecting indication. Deep 
leaching of soils and the subsequent remov- 
al of diagnostic or trace elements derived 
from them frequently render conventional 
geochemical exploration methods unsatis- 
factory in tropical terrains. In the United 
States, rutile is most commonly associated 
with the biotite potassium feldspar alter- 
ation zone, which diminishes toward periph- 
eral zones. In some porphyry deposits, the 
distribution of rutile and copper ore is much 
the same.“ 
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Table 5.—Copper produced from domestic ores in the United States 


(Thousand metric tons) 


-— a = — —— — — — — o o — — we we eee —— — —— ae 


Mine Smelter Refinery 
3 1.181 994 1,126 
F 1.538 1.295 1.430 
MEC 1,147 941 1,065 
FF 1.038 888 1.004 
Modes euer Lum 1,091 990 1,084 


Table 6.—Percentage of copper ore and recoverable copper extracted from open pit and 
underground mines in the United States 


Year 


eee wee wei — — — i — 


cme we wee we ee ee eee — 


Open pit Underground 
Ore Copper? Ore Copper? 
3 91 86 9 14 
PEE 89 84 11 16 
8 88 82 12 18 
. 89 85 11 15 
E E 92 87 8 13 


1Includes copper from dump leaching. 


2Includes copper from in-place leaching and copper recovered from tailings and as a byproduct from other sources. 
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Table 7.—Mine production of recoverable copper in the United States, 
by month 


(Metric tons) 


Month 1983 1984 
iii ee ete Lee Lite y Ae eee eee 90,025 92,016 
// ee ee ete Be 8 77,664 86,960 
ö e ˙ ⁵ ñ m̃)q!Ü?ꝰ b! 8 89,274 95,136 
| yos RR dd e ets 84,646 90,313 
/////;o%“Vßß!. eee eee yd èð d 92,170 94,069 
Jub Oia hare ahs a Na ete ...... ß 8 89,717 96,993 
J)! ²˙ . tl oh eh SIE Edo E a he a oe E oh et et eS 76,323 81,328 
AUPusL. r See cuia LU ee baie 19,211 88,117 
%% ̃!( ↄↄ̃] ])) ³ĩð2WÄ y Soe eee eee 86,104 87,169 
M %ͤnlrt i Se es ee et A oe ee, 89,608 93,412 
Nr ³ĩ··· a ed mu e ELE 93,706 91,557 
PP ui Ad ³m m uA e NOM Rb ydßs mt 8 89,050 88,214 

TOLL sns nice tert ert M A tit ee ae ee D EE ee —— ——Á 1,038,098 1,091,284 


Table 8.—Mine production of recoverable copper in the United States, by State 


(Metric tons) 


State 1980 1981 1982 1983 1984 
I;Ävr eene uncus de. -— W W Ati 
Arizona netu ü Oe dede EE 770,118 1,040,813 769,521 678,216 746,453 
California 0.264325. 88 W W W W W 
Colorado- -----------------—--—— 461 W 515 W W 
Idaho. oo eae Se ee Ss 3,103 4,245 3,074 3,556 3,701 
Menges Ee W W W A a 
Missouri______-_~______________. 13,576 8,411 7,941 7,725 5,818 
Montana- azza 37,749 62,485 64,951 33,337 W 
Nevada (( ³˙¹¹¹ nn ee W W W W W 
New Mexicſcoo oo 149,394 154,114 W W W 
Oregon. e ee Sia ete ie W im W "T 
South Carolina m W PIT zr LL 
Tennessee W W W W W 
/;ö·Üĩͥ]˙Ü¹i¹i¹Üd •ͤ³ E E 157,775 211,276 189,090 169,751 
Washington e W W s a 

Total «aho irre ð m E 1,181,116 1,538,160 1,146,975 1,038,098 1,091,284 


W Withheld to avoid disclosing company proprietary data; included in Total.“ 


Table 9.—Twenty-five leading copper-producing mines in the United States in 1984, 
in order of output 


Rank Mine County and State Operator Source of copper 

1 Morenci- _ _ _ _ _ — Pima, teu Phelps Dodge Cor Copper ore and 
copper precipi- 
tates. 

2 Bingham Canyon Salt Lake, UT... . KenfecolL:s- eec Si Do. 

3 Chino Grant, Nu Chino Mines ooo Do. 

4 San Manuel! Pinal, “! Magma Copper Co. Copper ore and 

i copper tailings 
(slag). 

9 S ice e ay at Kenne cott. Copper ore and 
copper precipi- 
tates. 

6 Sierriaa Pima, Aa?⁊ Duval Cord Copper ore. 

7 Tyrone Grant, Neu Phelps Dodge Corr Do. 

8 Inspiration _ _ __ _ Gila, AZ co tne raton Consolidated Copper Do 

9 Pinto Valley: SUME eU. o CERERI OR Pinto Valley Copper Cord Do. 

10 Eisenhower Pima, A rt Eisenhower Mining xo Do. 

11 Twin Buttes |... NE: o ir bie Anamax Mining Co --------- Do. 

12 New Cornelia FFF Phelps Dodge Cor Copper ore and 
copper 
precipi- 
tates. 

13 Bagdad _______ Yavapai, Art.. Cyprus Bagdad Copper Co Copper ore. 

14 o Lincoln, MT. . ... ASARCO Incorporated |... Silver ore. 

15 Silver Bel!!! Pima, tu OTS; (CREME MR EC RFT Copper ore and 
copper precipi- 
tates. 

16 Mission o cie b Ei SOR 8 Copper ore. 

17 San Xavier DUUM EM FR. PER" Do. 

18 Copperhill (1 mine) Polk, TW. Tennessee Chemical Co Copper-zinc ore. 

19 Lakeshore ____ _ Pinal, At Noranda Lakeshore Mines Ine Copper ore. 
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Table 9.—Twenty-five leading copper-producing mines in the United States in 1984, 
in order of output —Continued 


Rank Mine County and State Operator Source of copper 
20 Berkeley Silver Bow, MT .... Anaconda Copper Co -------- Copper ore and 
copper precipi- 
tates. 
21 Esperanza Pima AZ ĩðͤ Duval Cor Copper precipi- 
tates. 
22 Miami Gila, u Pinto Valley Copper Cor Copper ore. 
23 Johnson Cochise, A 8 Cyprus Johnson Copper CO Do. 
24 Sacaton _______ Pinal, uu ASARCO Incorporated _ __ _ _ _ _ Do. 
25 Battle Mountain_ _ Lander, ““ Duval Corp - -----------—- Copper ore and 
copper precipi- 
tates. 


Table 10.—Mine production of recoverable copper in the United States, by source 


Ore treated Recoverable copper 
Source eee Metric P — Remarks 
toni tons ercent yie 
1983 
Mined copper ore: 
By concentration or leaching _ _ _ _ 1177,930 915,081 0.51 
By direct smeltin g 63 24 .04 
Total or average _________ 177,993 915,105 51 
Tailings, dump, in-place material by 
leaching. - - - - -----------—- zc 89,274 es 
Miscellaneous: 
Silver ore 4,097 19,384 a 
Lead ore 7,303 7,725 m 
Gold ore, gold-silver ore, lead-zinc 
ore, molybdenum ore, tungsten 
ore, cleanup, tailings -------- 2,652 6,610 P 
Grand total XX 1,038,098 XX 
1984 
Mined copper ore: 
By concentration or leaching - 2171.813 978,606 57 See table 12. 
By direct smelting __________ _ 98 87 .09 See table 13. 
Total or average 171,911 978,693 57 
Tailings, dump, in-place material by 
leachilg eL cem "T 80,845 in See table 14. 
Miscellaneous 
Silver ore e 4,042 22,335 "X 
Lead ore 2. x 4,149 5,817 E 
Gold ore, gold-silver ore, lead-zinc 
ore, molybdenum ore, tungsten 
ore, cleanup, tailings |... 7,014 3,094 a 
Grand total ____________ XX 1,091,284 XX 


XX Not applicable. 
Includes 6,153,969 tons of ore leached for electrowinning. 
2Includes 3,184,033 tons of ore leached for electrowinning. 


Table 11.—Copper ore shipped directly to smelters or concentrated in the United States 
in 1984, by State, with copper, gold, and silver content in terms of recoverable metal 


Ore 
Popped Recoverable metal content Value of 
8 gold and 
State ented Copper Gold Silver silver per 
ra — — (troy (troy metric ton 
(thousand Metric tons Percent ounces) ounces) of ore 
metric 
tons) 
Arnzonác-. 2 ee 122,315 612,965 0.50 48,465 3,727,075 $0.39 
New Mexico W W W W W W 
Tennessee?________________ W W W T W W 
| 1 SPORE MP RA DEO W W W W W W 
Total or average __________ 168,728 883,425 52 195,380 6,372,847 73 


W Withheld to avoid disclosing company proprietary data: included in Total or average." 
1Copper produced in Tennessee is from copper-zinc ore. 
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Table 12.—Copper ore concentrated! in the United States in 1984, by Stat^, 
with content in terms of recoverable copper 


Ore 
7 Recoverable copper 
ra content 
State (thousand —— mn n — 
metric Metric tons Percent 
tons) 
õͤ˙“u iA rh ³o· w ee ca Lord 122,274 612, 328 0.50 
Ni y ðè K DL tee CE E W W W 
Tennessee? Liíootcu cues Mure cuf cca roe ne ee mE ASA AI Ud W W W 
•Cù³⁵ͤ ͥ OO PP ⅛˙wʃ ]]... mwd. 8 W W W 
Total or average i d 168,629 883,338 52 
W Withheld to avoid disclosing company proprietary data; included in Total or average." 
1Includes the following methods of concentration: dual process (leaching followed by concentration), leach- 
precipitation-flotation, and froth flotation. 
2Copper produced in Tennessee is from copper-zinc ore. 
Table 13.—Copper ore! shipped directly to smelters in the United States 
in 1984, by State, with content in terms of recoverable copper 
Ore shipped to smelters 
Recoverable copper 
State 
Metric tons content 


Metric tons Percent 


Arizona = Stet th ne uer Ld ardere preda ³⁰² de UD ede Ec 40,646 37 0.09 
hh o Se, ee ee NL ĩðV!uà é 57,853 50 09 
Total or average oe NP ss oe, Soe ae ete 98,499 87 09 


1Primarily smelter fluxing material. 


Table 14.— Copper precipitates! (leached from dump and in-place material or tailings) 
shipped directly to smelters in the United States in 1984, by State 


(Metric tons) 


Precipi- Recover- 


State tates able copper 
shipped content 
ENZO lcu marem ig ͥ⁴ ³¹ððꝛ ñ ꝗ lt a ea fs a bc Ho o prr du Le aaah ccs aes at eS So ees 69,205 46,804 
E ↄ²ĩ² ꝰ dꝰ ff ³⁰iw¹ ee eo ee eee eee ee eee W W 
/’ Add ³⁰ ee ce eol ie Ree Eric cen T Ls Ad lo A A CLE DE W W 
T7: o (ae ane en a A ee Re Te TEE ke ³ð—³ oe Ee ey Eee RE W W 
New Mexico ꝛo—ͤ9ð ² m ⁰ e d dd mm t 8? W W 
Utah neroa a a ae ſyſſſſddddſſſdſd ð y ĩ d W W 
Tok eaea a a ·o dd ³ꝛ PE a E e RR 120,437 80,845 


W Withheld to avoid disclosing company proprietary data; included in “Total.” 
1In terms of recoverable copper. 


Table 15.—Copper ore shipped to smelters and ore concentrated and leached in the 
United States and average yield 


Concentrated and 


Direct smelted ore leached ore Total 
Yield Yield Value 
Fear Thou- Yield Thou- Yield Thou- Yield per, per metric ber. 
sand in sand in sand in men ton in oe 
metric copper metric copper metric copper old. silver 8105 
tons (percent) tons! (percent) tons! (percent) g (troy 8 
(troy ounces) and 
ounces) silver 
1980 ______ 111 0.38 221,486 0.48 221,597 0.48 0.0013 0.053 $1.90 
1981 _____-_ 158 14 277,516 51 277,674 51 0013 053 1.18 
198Ä28ũ 118 14 181.826 55 181,944 .55 .0013 .052 .90 
1988 63 04 177,930 51 177,993 ol .0015 .041 1.09 
1984______ 98 .09 171,813 57 171,911 57 0011 037 71 


Includes some ore classed as copper-zinc and a minor amount of tailings. 
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Table 16.—Copper produced by primary smelters in the United States 


(Metric tons) 
Year Domestic Foreign Secondary Total 
D | ee et ]˙o·%ͤ⁵ ee 994,479 13,918 44,876 1,053,273 
jj P os ee te hee y 8 1,294,962 21,794 60,882 1,377,638 
/r ³˙àAA ³ ] Add eR NETS at ROT ook 940,547 35,148 45,105 1,020,800 
19888 „ ð ⁵ ð K INEO ĩͤ EET S 888,130 39,609 59,276 987,015 


„CV,; ñ . sea, eae 989,720 24.296 45,839 1,059,855 


Table 17.—Primary and secondary copper produced by primary refineries and 
electrowinning plants in the United States 


(Metric tons) 


1980 1981 1982 1983 1984 
PRIMARY 
From domestic ores, etc.:! 
eee 8? 924,190 1,194,566 891,615 820,778 886,683 
Electrowon_________~______-___- 2117,572 161,083 131,858 101,935 110,120 
Fire-refined `- . |. ~____ 84,469 14,561 41,060 80,955 81,455 
"Totali ends ete tmm 1,126,231 1,430,210 1,064,533 1,003,668 1,084,258 
From foreign ores, etc.:! 
Electrolytic. ----------------—-- 88,957 113,807 162,245 178,422 115,930 
Electrowon ____~___-__~____----~- W W W W W 
Fire-refined ___ .. |... ......- W E za. zo xum 
Total primary --------------- 1,215,188 1,544,017 1,226,778 1,182,090 1,200,188 
SECONDARY 
Electrolytic? -------------------—- 315,062 303,338 268,952 224,121 191,128 
Fire-refined -----------------—-—-—- W W W W W 
Total secondary ______________ 315,062 303,338 268,952 224,121 191,128 
Grand total __________________ 1,530,250 1,847,355 1,495,730 1,406,811 1,391,316 


W Withheld to avoid disclosing company proprietary data; included with “Electrolytic.” 


1The separation of refined copper into metal of domestic and foreign origin is only approximate because accurate 
separation is not possible at this stage of processing. 


Includes some smelter-level electrowinning in order to avoid disclosing company proprietary data. 
Includes fire- refined quantities indicated by symbol W. 


Table 18.— Copper cast in forms at primary 
refineries in the United States 


(Thousand metric tons) 


1983 1984 

Billets 97 98 
Cakes ___________ 22 5 
Cathodes _________ 1,184 1,219 
Ingots and ingot bars 81 41 
Wirebars32 22 26 
Other form 1 m 

Total. 1,407 1,389 


Table 19.—Production, shipments, and stocks of copper sulfate in the United States 


(Metric tons) | 
Production Stocks, 
Year ] Shipments! 

| Quantity his n Dec. 31 
I98Ü. d lace iN LUE Re 31,010 8,445 94,135 5,136 
|.) p ͥ ⁰ͥͥ ⁰²⁰- ꝛʃ˙ͤ-⁰ 35,636 9,413 36,103 5,269 
J“. ³o¹ d 8 32.227 8,385 33,355 4,142 
jb. s Mp cL y cates 31,500 9,789 136,614 5,029 
1]!!!ü(kblõõĩũ ³ ] m yt 88 33,730 9,016 36,116 3,324 


"Revised. 
Includes consumption by producing companies. 
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Table 20.—Byproduct sulfuric acid! (100% basis) produced in the United States 


(Metric tons) 
Copper Lead Zinc 
Year plants? plants? plants* Total 
TORO —— I wd ERR 2,097,692 410,266 560,784 3,068,742 
J! 8 2,593,762 405,974 545,890 3,545,626 
1989. cuu ee LL 83 1,879,983 310,606 341,728 2,532,317 
Ks |: S lx cL . ̃ 8 1,837,827 319,137 384,529 2,541,493 
1984 ge pee ti Sc 2,251,312 248,474 442,517 2,942,303 
1Includes acid from foreign materials. 
?Excludes acid made from pyrite concentrates. 
3Includes acid processed at molybdenum plants to avoid disclosing company proprietary data. 
‘Excludes acid made from native sulfur. 
Table 21.—Copper recovered from scrap processed in the United States, 
by kind of scrap and form of recovery 
(Metric tons) 
1983 1984 
KIND OF SCRAP 
New scrap: 
rh ⁰² Ari ³ dd A EIL LLL D 611,890 652,592 
Ann ³ ³ Ä a cL ee 21.926 21,919 
Nez ³ð // M ee 254 68 
// ͥͥͥ nuoc ette eh ⅛ ↄDO aml kv mum mt 88 31 31 
6“... ³ . yd "634,101 674,610 
Old scrap — 
w,... EM mu i E 431,243 448,010 
Aluminum-base -—. ue Lee muc cse EL 18,015 16,929 
Nickel base ³Ü0üdiſſdſ’d yd tse ee 158 102 
II ³oW¹. ⁰ m! ð — ð ð y yd NA NA 
TC NER CC dd 0 y ee ee 162 79 
C/ö»ô ⅛ĩÜ ib ͥ . ˙ e . e Lee AE 449,478 465,120 
Grand: total zi cou necu ee SRL LAS m ee ru LM Le uH 71,083,579 1,139,730 
FORM OF RECOVERY 
As unalloyed copper: 
At primary pense eau es eee "224,761 191,128 
At other planta. «comte Rm See erie eae Hoa be eee eet "194,093 135,531 
Kota T — ——————————— e — el 418,854 326,659 
In brass and Drone «se endum ³o-w6-ů-.·. mt Lm 1825349 766,976 
Inalloyiron snds tees“), 8 11,434 1,519 
In. alüminüm alloys ß e Lu La 136,704 43,390 
Fon ³ð ̊ - 1162 138 
In chemical compounds. - - 4 1,076 1,048 
J//ͤ»'—U nd ³ qq) ³ d (m k- k !— 1664.725 813,071 
Grand totali ITT d esa Ao Rer ud 71,083,579 1,139,730 


TRevised. NA Not available. 


Table 22.—Secondary copper produced in the United States 
(Metric tons unless otherwise specified) 


1980 1981 1982 19837 1984 
Copper recovered as unalloyed copper ----------—- 534,556 514,518 481,565 418,854 326,659 
Copper recovered in alloy 902,871 903,594 705,901 664,725 813,071 
80 Total secondary copper? __________________ 1,487,427 1,418,112 1,187,466 1,083,579 1,139,730 
urce: 
New !ô i ⁰h•A—B - ee, estes 823,969 819,990 669,740 634,101 674,610 
%%%0%é‚ͥ5ÜÜ—6³ö¹0dd ²˙.¹q mt ae eat 8 613,458 598,122 517,726 449,478 465, 120 
Percentage equivalent of domestic mine output 122 92 104 104 104 
r Revised. 


8 copper in chemicals as follows, in metric tons: 1980-2, 869; 1981 —3, 227; 1982 —2, 250; 1983 — 1,076; and 1984— 


a7 
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Table 23.— Copper recovered as refined copper and in alloys and other forms 
from copper-base scrap processed in the United States, by type of operation 


(Metric tons) 
| . From new scrap From old scrap Total 
Type of operation 
1983 1984 1983 1984 1983 1984 
Secondary smelters___________________ 91,014 97,994 184,021 224.517 215,035 322,511 
Primary copper producers |... 40,925 20,391 "183,837 170,737 224,762 191.128 
Brass mills- --------------------———- 464,032 513,802 26,640 15,790 490,672 529,592 
Foundries and manufacturer 714,758 20,052 136,002 36, 243 150, 760 56,295 
Chemical plant 361 353 743 723 1,104 1,076 
Total 222i eee ed Ee f A LIU "611,090 652,592 431,243 448,010 71,042,333 1,100,602 
"Revised 
Table 24.— Production of secondary copper and copper-alloy products 
in the United States, by item produced from scrap 
(Metric tons) 
Item produced from scrap 1983 1984 
UNALLOYED COPPER PRODUCTS 
Refined copper by primary producer DDſiiFs sd 1224, 761 191,128 
Refined copper by secondary smelterererOOss8s „ 7176,907 118,361 
Copper powder- o d ñ p c Lud E 711,455 12,788 
hh ˙ſſ EcL ST ne LM ere Ey 5,731 4,387 
P＋J1J TUT ³⁵W T. ³ A EE Oe 418,854 326, 659 
ALLOYED COPPER PRODUCTS 
Brass and bronze ingots: 
, ß Aet la eu doe ie LL y distr Me anf ea 15,824 15,390 
Leaded red brass and semired brass 98,111 116,228 
High-leaded tin bronzttdegakkalas „„! 10,375 14,063 
h/ Gh de see hee 7,628 10,796 
Manganese renn ³xð ek ee Se cct 7,520 8,000 
Harne . ee ur 6,331 8,263 
NI! ³ð³A ³é d ͥ⁰ſyſdſ ⁰yddddͥ y y 8 3,265 3,455 
Silicon bronze and bras ee 3,596 4,496 
Copper-base hardeners and master alloyhnᷣ s „ 14,977 17,304 
Totalo ˙·Wͥͥ pp a ͤ²⁰ ii ³⅛ w] ⁰yaa v — 167,621 197,995 
Brass-mill products ________________ ~~ i ~__ Le 612,820 663,583 
Brass and bronze castinnn ggg 132,894 40,358 
( ³ꝙſ/ſſ cuoc ſſſddſſſſſſddd c e LI iei ol m 644 879 
Copper in chemical products ________________~____ 3 1,076 1,048 
Grand tota aoa fete LLLA i ie 11,233,915 1,230,522 
"Revised. 
Table 25.—Composition of secondary copper-alloy production in the United States 
(Metric tons) 
Copper Tin Lead Zinc Nickel umi. Total 
Brass and bronze production:! 
IDE party) 8 134,102 5,029 8,881 19,612 419 84 167,627 
jp Iv" 158,396 5,940 9,900 23,165 495 99 197,995 
Secondary metal content of brass mill products: 
E E ⁰vyd UNDE "490,257 429 13,064 116,129 2,929 112 612,820 
PORT. unc ec Lee ð MM 530,866 465 3,318 125,749 3,172 13 663, 583 
Secondary metal content of brass and bronze castings: 
JJ•ööÜöÜÄ• e EM nece oe 27,247 893 1,731 2,959 3 61 32,894 
NG in ng yy PM S Mo T NEM o 33,430 1.096 2,124 3,631 3 74 40,358 
"Revised 


! About 95% from scrap and 5% from other than scrap in 1983 and 1984. 


COPPER 325 


Table 26.—Stocks and consumption of purchased copper scrap in the United States in 
1984, by class of consumer and type of scrap 


(Metric tons, gross weight) 

ELT Consumption Stocks 

ocks, . — . ˙ - AC do NC CREE , 

Class of consumer and type of scrap Jani Receipts New Old Total Dec. 31 

scrap scrap 
SECONDARY SMELTERS 
No. I wire and heavy 1,594 36,024 7,962 27,388 35,350 2,268 
No. 2 wire, mixed heavy and light 5,660 133,846 42,339 90,966 133,305 6,201 
Composition or soft red brass 2,643 48,152 11,504 36,140 48,244 2,551 
Railroad-car boxes 108 624 sen 122 122 10 
Yellow brass 3,681 92,930 18,214 33,092 51,306 5,305 
Cartridge casess8s 8 238 un 234 234 12 
Automobile radiators (unsweated).. _ 3,544 70,321 2,020 67,858 69,878 3,987 
Bronze _______________-_- 1,535 19,098 2,132 16,654 18,786 1,847 
Nickel silver and cupronickkel -~ 632 2,277 692 1,718 2,410 499 
Low brass 350 2,052 684 971 1,655 747 
Aluminum bronze __________—-_ 95 163 143 49 192 66 
Low-grade scrap and residues 4,319 87,481 60,829 24,097 84,926 6,940 
Total nx tia s Be Len ees 24,229 453,212 146,519 300,489 447,008 30,433 
PRIMARY PRODUCERS 
No. 1 wire and heavy 784 15,315 4,168 11,385 15,553 546 
No. 2 wire, mixed heavy and light 15,658 156,672 15,291 145,917 161,208 11,122 
Refinery brass 545 20,354 4 10,213 10,217 10,682 
Low-grade scrap and residues 29,427 34,666 10,964 44,425 55,389 8,704 
»; ͥͥ W 46,414 227,007 30,427 211,940 242,361 31,054 
BRASS MILLS! 
No. 1 wire and heavy 9,660 190,299 176,053 14,246 190,299 8,508 
No. 2 wire, mixed heavy and light 3,519 68,543 66,849 1,694 68,543 3,591 
Yellow brass 16,196 307,493 307,493 E 307,493 18,730 
Cartridge cases and brass 9,150 70,547 70,547 = 70,547 9,803 
Bronrne 1.178 4,880 4,880 zx 4,880 1,248 
Nickel silver and cupronickel _ _ _ _ 4,428 19,245 19,214 3l 19,245 4,214 
Low brass 3,044 14,447 14,447 EUM 14,447 2,813 
Aluminum bronze .. ET 18 18 Ec 18 8 
ll cime 47,175 675,472 659,501 15,971 675,472 48,907 
FOUNDRIES, CHEMICAL PLANTS, 
AND OTHER MANUFACTURERS 
No. 1 wire and heavyjůy 2,638 28,239 9,368 19,658 29,026 1,851 
No. 2 wire, mixed heavy and light _ - 464 4,501 1,537 2,843 4,380 585 
Composition or soft red brass 621 10,559 6,003 4,741 10,744 436 
Railroad-car boxes... 145 5,548 EET 4,186 4,186 1,507 
Yellow brass 550 10,971 5,869 5,005 10,874 647 
Automobile radiators (unsweated)_ _ 1,085 5,445 889 4,673 5,562 968 
Brontt 854 924 314 613 927 851 
Nickel silver and cupronickel __ 23 160 2 154 156 27 
Low bras̃ ͤ 56 1,384 692 698 1,390 50 
Aluminum bronze |... 105 759 21 741 762 102 
Low-grade scrap and residues Es 3 M 3 3 = 
Tota ee ee a eS 7,141 68,493 224,695 243,915 68,610 7,024 
GRAND TOTAL 

No. 1 wire and heav yyy 14,676 269,877 197,555 72,673 270,228 13,173 
No. 2 wire, mixed heavy and light _ — 25,301 363,562 126,016 241,420 367,436 21,498 
Composition or soft red brass... _ 3,263 58,711 17,507 41,481 58,988 2,987 
Railroad-car boxes 854 6,172 ui ,508 5,508 1,517 
Yellow brass 20,428 371,394 331,576 38,097 369,673 24,682 
Cartridge cases 9,158 70,785 70,547 234 70,781 9,815 
Automobile radiators (unsweated) _— 4,629 75,766 2,909 72,531 15,440 4,955 
APO Ze oe cs ete es ce 3,568 24,902 7,326 17,267 24,593 3,946 
Nickel silver and cupronickel | __ 5,084 21,682 19,908 1,903 21,811 4,741 
Low brass 3,450 17,883 15,823 1,669 17,492 3,610 
Aluminum bronze _____~_____~_ 199 940 182 790 972 169 
Low-grade scrap and residues? _ _ _ _ 34,352 142,510 71,797 78,738 150,535 26,325 
Total. m tcc 124,962 1,424,184 861,146 572,311 1,433,457 117,418 


1Brass-mill stocks include home scrap; purchased scrap consumption is assumed equal to receipts, so lines in “GRAND 


TOTAL” section do not balance. 


20f the totals shown, chemical plants reported 360 tons of new unalloyed copper scrap and 738 tons of old unalloyed 


copper scrap. 
Includes refinery brass. 
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Table 27.—Consumption of copper and brass materials in the United States, by item 


(Metric tons) 
a romaria, 
Primary Brass 8 chemica Secondary T 
Item producers mills n nr smelters otal 
neous users 
1983: 
Copper scraes "313,290 624,466 "n 161,491 "380,392 "1,379,639 
Refined copper! |. ...... Npe 500,263 11,269,859 30,658 3,151 "1,803,931 
Brass ingot. ttt 8 14,759 r 2132,812 ""— 147,571 
Slab zinne X es 99,664 » 4,321 3,944 107,935 
Miscellaneous ae E = = 4,980 4,980 
1984: 
Copper crab 242,367 675,472 me 68,610 447,008 1,433,457 
Refined copper m 578,138 1,416,325 34,817 6,922 2,036,202 
Brass ingoů t 2 16,553 = 2135,056 PT 151,609 
Slab zinc ___________._ Le ee 115,970 NS ,035 4,589 125,594 
Miscellaneous 2 - e -— 5,127 5,127 
Revised. 
1Detailed information on consumption of refined copper can be found in table 30. 
2Shipments to foundries by smelters and changes in stocks at-foundries. 
Table 28.—Foundry consumption of brass ingot in the United States, by type 
(Metric tons) 
Type 1980 1981 1982 1983 1984 
Tin bronzes `- 30,327 28,885 24,577 "24,448 24,529 
Leaded red brass and semired brass 95,138 94,142 75,402 780,741 85,086 
Yellow brass S e eu UU ]o . ⁰ͥð⁰ydp iy a ee Ba 17,780 19,659 12,584 "11,155 10,950 
Manganese bronze __________________________ iL 6,287 6,270 5,220 5,423 4,901 
Hardeners and master alloys- - - - - - - - -- ----------------—- 5,446 4,411 2499 "2,511 2432 
Nickel silver- 20 .. aa a ee eee ee 2,579 2,030 1.619 "1,612 1,458 
Aluminum bronze en: 6,727 6,853 5,038 5,675 5, 700 
))))! READERS ER LER ³o¹¹ 0 . mk 8 164,284 162,250 126,939 "131,565 135,056 
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Table 30.—Refined copper consumed in the United States, by class of consumer 


(Metric tons) 
[ENT 
Class of consumer : Cathodes Wirebars ingot and Billets Other Total 
bars slabe 
1983: 

Wire rod mills .. _ 1,205,290 163,192 W W t 1,877 1, 269,859 
Brass mills |... 232,044 12,007 43,609 114,102 98,501 EN 500,263 
Chemical plants W " FEES c: eye 608 608 
Secondary smelters 1,080 xc: 2,117 VES E 4 8,151 
Foundries... 955 2,173 3,860 em 8,936 r930 111.254 
Miscellaneous. 8,759 W 8,636 1,149 W 75,258 718,796 

Total! 1,448,072 177.372 53.222 115,251 101,837 18,177 1,803,931 

1984: | | 

Wire rod mills _ _ _ 1,859,556 56,246 W W zu 523 1,416,925 
Brass mills __ __ _ 268,600 13,268 . 58,480 127,448 115,191 151 578,138 
Chemical plants W e T" eH 8 563 563 
Secondary smelters 2,657 [ue 4,240 Lm SU 25 6,922 
Foundries_ — — _ _ — 762 2,548 8,456 2 3,314 938 16,018 
Miscellaneous. 8,820 W 8,202 208 W 6,006 18,236 

Total! 1,635,395 12,062 14,3178 121,656 118,505 8,206 2,036,202 


"Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1Includes iron and steel plants, primary smelters producing alloys other than copper, consumers of copper powder and 
copper shot, and other manufacturers. 


Table 31.—Stocks of copper in the United States, December 31 


(Metric tons) 
Blister and 
: materials Refined copper — 
par in Primary Wire rod Brass or FOr 
rocess f ; Other? Commodity Total 

of refining! producers mills mills Exchange 
19880 8 272, 000 49,000 50,000 22,000 10,000 163,000 294,000 
198l |o. m n dies 277,000 151,000 109,000 26,000 9,000 170,000 465,000 
1982 ee 88 í 68,000 25,000 9,000 9,000 676, 
1983 `. --------- 174,000 154,000 116,000 26,000 5,000 371,000 672,000 
19844 ; 122,000 129, : 7,000 251,000 586,000 


Includes copper in transit from smelters in the United States to refineries therein. 
Includes secondary smelters, chemical plants, foundries, and miscellaneous plants. 


Table 32.—Dealers’ monthly average buying price for copper scrap and consumers’ 
alloy-ingot prices at New York in 1983, 1 by grade 


(Cents per pound) 
Grade Jan. Feb. Mar. Apr. May June 
No. 2 heavy copper crab 42.55 46.71 51.50 51.50 53.74 54.50 
No. 1 composition scrap (red brass) 42.12 42.92 46.50 46.50 48.26 49.50 
No. 115 brass ingot (85-5-5-5) |. — — 80.15 82.51 84.00 85.52 86.00 88.00 
July Aug. Sept. Oct. Nov. Dec. Average 
No. 2 heavy copper scrap ------- 54.50 53.54 51.74 48.12 43.30 42.50 49.52 
No. 1 composition scrap (red brass) 49.50 48.54 41.12 45.31 43.55 43.50 46.11 
No. 115 brass ingot (85-5-5-5) |... 88.00 88.00 87.95 85.52 84.00 84.00 85.30 


1Data not available for 1984. 
Source: Metal Statistics, 1984. 
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Table 33.—Average monthly prices for electrolytic copper in the United States 
and on the London Metal Exchange 


(Cents per pound) 
1983 1984 
Month Domestic delivered London spot! Domestic delivered London spot? 

Cathode Wirebar Cathode Wirebar Cathode  Wirebar Cathode Wirebar 

January - ------------—- 77.54 80.22 68.86 71.28 66.10 68.79 61.65 62.38 
February |... c. 81.05 84.02 13.09 14.10 68.35 10.15 64.09 64.84 
M ²³ AA G 79.24 82.07 71.13 72.44 72.71 75.31 67.43 67.77 
Ill! 8 80.85 83.49 74.58 75.95 74.67 77.39 69.36 69.49 
May ð⅛¾⅛mqnq ee 82.93 85.63 77.50 80.07 69.55 72.23 64.49 64.43 
Jule cu ³A ceu 19.16 81.84 14.81 11.14 61.29 69.85 68.10 61.91 
/. sec 80.19 82.95 74.61 11.29 64.40 64.40 60.64 60.35 
August.. 77.94 80.54 72.14 74.36 64.54 64.54 61.14 60.65 
September! 74.38 77.59 68.77 70.77 63.41 63.41 58.94 58.66 
October, 69.70 72.39 63.58 65.08 62.04 62.04 57.87 57.73 
November 71.57 74.23 61.88 62.99 65.65 65.65 61.43 60.99 
December. 68.14 70.81 63.06 64.18 63.54 63.54 60.30 59.91 
Average 76.53 79.26 70.29 72.13 66.85 68.16 62.95 62.43 


! Based on average monthly rates of exchange. 


Source: Metals Week. 


Table 34.—Average weighted prices of copper delivered 


(Cents per pound) 

Domestic Foreign 

Year copper” ! copper 
rr REUS RIPE a ERREUR ERRORIS RENE Oe ee EORR LE SE 101.3 99.3 
R111 ).. é dd ß 84.2 279.4 
nv MP EXHI ee DTP ERREUR 12.8 67.1 
; a a LL ĩͤ v a od 76.5 72.1 
/// ERRARE 8 66.8 62.4 

r Revised 


producers cathode, delivered. 
?Based on Jan.-Nov. monthly averages; wirebar contract replaced by high-grade contract in Nov. 1981. 


Source: Metals Week. 
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Unalloyed copper scrap 

1983 1984 
Quantity Value Quantity Value 
(metric (thou- (metric  (thou- 
tons) sands) tons) sands) 
2,429 $8,587 2,005 $5,174 
13,373 15, 563 11.249 14,630 
18 12 52 16 
686 144 2,968 2,488 
12 113 405 570 
2,326 2,377 sa EM 
M — 162 166 
3,467 3,924 15,311 18,285 
14,831 21,389 13,278 15, 678 
8.502 11,546 13,533 17,683 
155 174 984 921 
362 338 1,867 1,927 
56 91 441 559 
1,216 1,032 15,813 14,090 
440 961 517 1,770 
53 78 1,625 1,649 
47,986 66,929 80,810 96, 266 


Table 36.— U. S. ex ports of copper scrap, by country 
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Copper - alloy scrap 

19837 1984 
Quantity Value Quantity Value 
(metric (thou- (metric  (thou- 
tons) sands) tons) sands) 
4,758 88,715 3,112 $7,027 
17,758 21,691 30,895 37,715 
215 1,204 205 523 
2,101 3,093 3,132 3,496 
356 314 239 268 
3,915 4,210 8,278 8,416 
6 15 2,449 2,400 
16,119 19,368 28,072 31,652 
8,618 10,681 7,614 8,735 
5,477 6,064 2,416 2,013 
1,961 1,188 603 717 
446 549 1,263 1,250 
5,351 6,717 2,556 3,414 
448 620 411 307 
12,153 8,200 14,642 13,959 
469 1,608 594 1,732 
237 631 1,190 1,263 
81,048 94,988 108,331 124,947 
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Table 38.—Copper: World mine production, i by country 


(Thousand metric tons) 


Country 1980 1981 1982 1983P 1984* 

Albünia . ies 15.3 15.5 16.2 16.5 17.0 
1ö·Ü;ẽ y ⁊ ß a a E 2 2 1 1 21 
Arens ee EL 2 1 (5) 5 5 
Australia: 2 s o a ee te. 243.5 231.3 245.3 261.5 236.3 
Bolva c onte a xe ioi ci eed Me HU 1.9 2.6 2.3 2.0 1.8 
Botswana 15.6 17.8 18.4 20.3 21.0 
BBB ³⁰˙// d 8 1.4 111.8 24.4 40.0 35.0 
BU ³ð—³³A ⁰ ends let 62.0 62.0 70.0 80.0 80.0 
BI! 8 1(3 4) 13 4) (5 4) 4.2 12.0 
S ³o·—w eA eie EL LLL 716.4 691.3 612.4 653.0 712.4 
©) | age c eat rA ³ÜWw RA tn a erc 1,067.9 1,081.1 1,242.2 1,257 1 21 290.0 
China eet mw. a a 1165.0 7170.0 7175.0 175.0 180.0 
er deese ee edere 4 3 3 5 5 
Congo (Brazzaville)) h 1.3 2 1 (3) 
Cuba______________ P 3.3 2.9 2.6 2.1 2.7 
Cyprus? eS tic et age sae ae M ES 8 1.2 (3) 
Czechoslovakia 6.6 5.2 5.2 5.2 5.2 
EBEüsdeaesee 8 9 8 1 2 2 
Finland o. ic mn ect eM Eie i 36.8 138.2 37.8 39.3 35.0 
FFG ĩö ĩ%ð u 88 1 1 2 2 
German Democratic Republic 11.8 12.0 13.0 12.0 12.0 
Germany, Federal Republicof |... . . 1.8 1.4 1.3 1.2 1.0 
Ge %ðͤ cere ep es 1 1 inm MN E 
Guatemala 8 7 e1 "1 7 
TION GU PAS 26: tes e poudre 3 5 5 .6 7 
India e mum ³ð⅛ AA kyt 8 27.6 25.2 €24.0 31.8 44.1 
Indonesia ________________________- 59.0 62.5 71.9 81.6 282.5 
Iran? = LLL 1.0 2.0 43.0 48.5 160.0 
Ireland. cunc ??'[k; 4.2 8.5 1.6 (10) xx 
1öõÜ˙Ü˖ẽ c i 8 MEI LE A 4.4 4.1 4.8 3.5 
177 ee a 6 8 8 1 p 
j c don ĩð— 8 52.6 51.5 50.7 46.0 243.3 
Korea, North® ______________________ 15.0 15.0 15.0 15.0 15.0 
Korea, Republic of- -----------------——- 4 5 e3 A 4 
Malaysia ________________~_____-_- 27.0 28.6 31.5 29.0 29.0 
Mexico! __________ Le 184.1 232.9 229.2 196.0 180.0 
Mongolia®___ _____________________-_ 44.0 71.8 90.0 104.0 118.0 
;öĩðẽiw in Set oce c a eg 7.2 6.9 21.0 23.0 222.1 
Mozambique 2 2 2 2 2 
n e Se ee 39.2 46.1 49.8 50.4 44.8 
Nõö˙;e Bete er 8 NEN (3) (3) (3) (3) 
Norway®__________________________ 28.9 28.2 27.4 26.2 24.3 
Papua New Guinea 146.8 165.4 170.0 201.9 2164.5 
Peru o xc e oS LL eee 366.8 342.1 356.6 322.2 364.1 
Philippines: ness emer 304.5 302.3 292.1 273.3 2226.1 
Ä eun a 346.1 1315.2 338.0 349.0 360.0 
Portugals 15.2 14.8 5 4 4 
Romania? 28.0 27.0 26.0 27.0 25.0 
South Africa, Republic of!!! 200.7 208.7 188.7 205.0 198.2 
%;ͥ y y ĩ 8 42.5 50.9 47.6 49.9 50.0 
Sweden -craes d Le LL Ee Le e.c 42.8 T51.5 54.9 64.5 69.0 
7˙Ä˙³êð—6o 8 1.9 e5 i EH 5 
C cssc lin ea e ee era 26.4 31.9 34.4 25.0 32.1 
JJVÄÄ§§ö§Üö“eͤr 8 1590.0 1570.0 1560.0 1570.0 590.0 
United Kingdom 7 7 
United States:? 

By concentration or leaching |... 1,063.5 1,377.1 1,015.1 936.2 2981.2 

Leaching (electrowon )) 117.6 161.1 131.9 101.9 2110.1 
Yugoslavia!?? ß eet se Ils n 114.8 110.9 119.3 129.5 150.0 
ZBITe-. i . ric ALLEE 539.5 555.1 519.0 535.0 540.0 
Zambia:!? 

By concentration or leaching |... 471.0 465.8 436.9 455.6 2406.6 

Leaching (electrowon ) 124.8 122.2 130.9 118.9 2134.4 
bh 26.9 24.6 24.7 21.6 23.6 

fr AAA 17, 404.5 7,814.0 7,582.6 7,624.6 7,838.0 


“Estimated. Preliminary. Revised. 

Data represent copper content by analysis of concentrates produced except where otherwise noted. Table includes data 
available through June 25, 1985. 

?Reported figure. 

3Less than 1/2 unit. 

*Copper content of matte produced. 

5Recoverable content. 

Copper content by analysis of concentrates for export plus nonduplicative total of copper content of all metal and 
metal products produced indigenously from domestic ores and concentrates. Includes leach production for electrowin- 
ning. 

"Series for Colombia revised according to published data of Government for output of copper concentrate. 
5Includes copper content of cupriferous pyrite. 

Pata are for years beginning Mar. 21 of that stated. 

1°Revised to zero. 

11Series revised to show actual mine output reported by Mexico for each State and municipality. 
12Copper content by analysis of ore mined. 

13Data are for fiscal years ending Mar. 31 of year stated. 
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Table 39.—Copper: World smelter production,’ by country 
(Thousand metric tons) 
Country and metal origin 1980 1981 1982 1983P 1984* 
Albania, primar 9.9 10.0 11.2 11.5 12.0 
Argentina, primar (3) 2 2) (2) 3) 
Australia: 
Primary uuu teli eh Se 174.9 1172.2 175.5 173.6 181.6 
Secondary. ?g,g,g,g,gdgdd ee 7.1 5.0 4.8 25.0 5.0 
Total. sunu Le ĩ 182.0 1177.2 180.3 r 178.6 186.6 
Austria, secondary /d dd 26.1 27.1 30.0 30.0 33.0 
Belgium:? 
p e ee LC 7 3.1 2.5 12. 8 2.7 
Secondary 49.3 47.5 47.5 147.5 47.5 
JW Aa EAE 50.0 50.6 50.0 "50.3 50.2 
Brazil, primar — — zn 9.6 “10.0 10.0 
Bulgaria:* 
Primaty oes d 61.0 61.0 61.0 61.0 61.0 
Secondar /:) 3.0 3.0 3.0 3.0 3.0 
p oe ee a ee eee 64.0 64.0 64.0 64.0 64.0 
Canada: 
i he a ee es 473.7 450.1 394.3 499.7 555.5 
Secondary! hh 19.0 15.0 10.0 711.0 11.0 
II ͥ A ei. ics 492.7 465.1 404.3 510.7 566.5 
Chile, primar 953.1 953.8 1,046.8 1,058.1 1,097.8 
China, prima 8 175.0 7190.0 *205.0 *195.0 210.0 
Czechoslovakia:* 
Primary ———————— eee ee eS 7.6 1.4 7.4 7.4 7.4 
Secondary. /: 2.4 2.4 2.4 2.4 2.4 
.. ĩðV?Äĩöö5 Lom ec 10.0 9.8 9.8 9.8 9.8 
Finland: 
p o hem ui cL AE Le 41.9 54.1 66.3 10.1 14.8 
Secondary. c ³ꝛW¹ 12.0 13.0 19.1 12.6 13.0 
oö]. ]¹]¹.A.. d Lax a ee T59.9 61.7 85.4 82.7 87.3 
France, secondary ___—~___-~_--~---~-~----~~- 7.3 6.5 6.0 6.3 6.0 
German Democratic Republic, primary? |... 16.0 16.0 17.0 "17.0 17.0 
Germany, Federal Republic of: 
Primary 3 ũdß m.: v 8 153.9 163.1 161.8 159.1 158.0 
Secondary. uu ecce 103.9 88.3 18.2 94.5 94.0 
Sl —— 257.8 251.4 240.0 253.6 202.0 
Hungary, secondary 1 1 1 1 1 
India, primary 28.5 25.7 32.6 35.5 38.0 
Iran, primary? -------------------——- 8 8 13.5 23.5 14.3 
Japan: 
Primary- eue eee eee 889.5 930.0 948.2 944.6 826.0 
Secondary- - - -- - ---------------—— 39.8 50.1 98.1 117.3 103.0 
rr ³ðVWü 8 929.3 980.1 1,046.3 1,061.9 929.0 
Korea, North:* 
J)) ent ti eo te Ree. 15.0 15.0 15.0 15.0 15.0 
Seconda yaren Sh oe ne ie eh 3.0 3.0 3.0 3.0 3.0 
15: MERERI ERU 18.0 18.0 18.0 18.0 18.0 
Korea, Republic of, primary and secondary .. - 64.1 101.2 119.4 r €124.0 105.0 
Mexico, primary // 187.9 165.3 63.8 59.4 70.4 
Namibia, primar 40.0 39.7 49.8 54.2 448.6 
Norway, primary (including electrowon?) : — 33.7 32.0 24.4 27.2 40.0 
Oman; pine 8 EM n 7 12.0 15.1 
Peru; primary --—---------------—--—— 323.1 279.3 294.4 258.3 4298.8 
Philippines, primar ms es EEN 38. 96.0 
Poland: 
Primary em -------------—-———- 346.0 315.0 338.0 7349.0 360.0 
Secondary ______________________ 17.0 15.8 713.0 713.0 15.0 
Total 2 ioc a Se Bate 363.0 330.8 351.0 362.0 375.0 


See footnotes at end of table. 
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Table 39.—Copper: World smelter production,’ by country —Continued 


(Thousand metric tons) 


Country and metal origin 1980 1981 1982 1983P 1984* 
Portugal: 
Primary rue ere e 2.7 3.1 1.1 r 33 3.0 
Secondary- - -------------------—— 5 4 4 r eg. 0 3.0 
Total « A ] 5Q ee ett 3.2 3.5 1.5 r e6.3 6.0 
Romania: 
Primar 40.7 39.4 *35.0 *34.0 32.0 
Secondary 4.0 4.0 4.0 5.0 6.0 
17/%˙öÜ1 . 8 44.7 43.4 39.0 39.0 38.0 
South Africa, Republic of, primar 185.8 185.4 184.7 205.0 200.0 
Spain: 
PEHIDBEV ua ra sies eh ur RD LOL 85.1 81.9 *110.0 r 100.0 105.0 
Secondary... C—XX—— 18.0 20.0 €25.0 r 18.0 15.0 
/h — ——— 103.1 107.9 135.0 r *118.0 120.0 
Sweden: uL "Ot CAMERA 
Primary e oem Lu. uns a 45.7 60.6 72.5 78.7 79.8 
Secondary ~ ous 88 10.7 13.2 17.4 23.1 22.9 
Total os manor EM er Asie 56.4 13.8 89.9 101.8 102.7 
Taiwan, primary - - - —- - -----------—--——-— 17.0 53.1 47.3 37.9 48.0 
Turkey: 
PPAR Yi ac a c iN a 15.3 26.7 24.9 218.2 31.0 
Secondary- / 6 6 A e3 5 
Mü es eh yee m puse 15.9 27.3 25.3 18.5 31.5 
U.S. S. R.: T. 
PENI OU Y . LE 665.0 673.0 680.0 700.0 734.0 
Secondary- -------------------——- 135.0 137.0 138.0 139.0 141.0 
Tóta eee ee 800.0 810.0 818.0 839.0 875.0 
United States: 
Primary 2. Sone eee c 1,008.4 1,316.8 975.7 927.7 41,014. 0 
Secondary... nn 44.9 60.9 45.1 59.3 445.8 
Totale c cutis buena coe e tru ce 1,053.3 1,377.6 1,020.8 987.0 *1,059.8 
Yugoslavia, primar 93.8 92.5 94.0 119.3 120.0 
Zaire, primary: 
Electrowon . 2222222222222 285.7 301.9 302.4 291.6 290.0 
GJ ⁰˙²à. ⁰d ⁰ h 162.1 178.5 171.1 175.0 170.0 
/r Ü¹ A E 447.8 480.4 473.5 466.6 460.0 
Zambia, primary 609.9 560.6 584.7 2581.2 525.0 
Zimbabwe, primar 26.1 23.0 23.2 19.6 22.0 
Grand total)) 7,649.3 8,000.7 7,909.6 8,091.6 8,258.5 
Of which: 
i oe eee Ss 6,795.8 r7 084.8 6,942.3 7,082.7 7,293.3 
Electroõwoo nnn 285.7 301.9 302.4 291.6 290.0 
Secondary ________________ 1503.7 1512.9 545.5 593.4 570.2 
Undifferentiated ... -—--—------ 64.1 101.2 119.4 124.0 105.0 


“Estimated. Preliminary. Revised. 

1This table includes total production of copper metal at the unrefined stage, including low-grade cathode produced by 
electrowinning methods. The smelter feed may be derived from ore, concentrates, copper precipitate or matte (primary), 
and/or scrap (secondary). To the extent possible, primary and secondary output of each country is shown separately. In 
some cases, total smelter production is officially 1 but the distribution between primary and secondary has been 
estimated. Table includes data available through June 25, 1985. 

2Argentina presumably produces some smelter copper utilizing its own small mine output together with domestically 
produced cement copper, and possibly using other raw materials including scrap, but the levels of such output cannot be 
reliably estimated. Estimates provided in previous editions are not regarded as reliably based. 

Data include electrowon production; estimated to be 35,000 to 45, 000 tons per year that is fire-refined and cast into 
wirebars; detailed data are not available. 

*Reported figure. 

*Figures for U.S. primary smelter production may include a small amount of copper derived from precipitates shipped 
directly to the smelter for further processing; production derived from electrowinning and fire-refining is not included. 
Copper content of precipitates shipped directly to smelter are as follows, in metric tons: 1980—107,980; 1981—113,991; 
1982— 104,791; 1983— 89,274; and 1984— 80,845. 

$Data may not add to totals shown because of independent rounding. 
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Table 40.—Copper: World refinery production, by country 


(Thousand metric tons) 


Country 1980 1981 1982 1983P 19849 
Albania, primary$ _——----------------—- 7.7 9.0 9.0 10.0 11.0 
Australia: 
Primary e eR EE 144.8 164.2 160.2 165.5 171.7 
Secondary- - - ec os ee 8 ¥20.6 715.3 17.9 21.3 85.0 
rr Ln t M RADI e n 165.5 179.5 178.1 192.8 206.7 
Austria 
Primary ooo SS oes ee T8.9 T8.8 8.8 8.8 8.8 
Secondary! 1347 *30.3 32.8 33.1 35.0 
Total?_______________________ 743.5 39.1 41.6 41.9 343.8 
Belgium: 
Primarýo -cicon eS uses iR EC: 304.7 T310.5 376.8 333.5 357.6 
Secondary  —— ee oS 69.0 58.0 81.0 71.0 70.0 
Total oa sas pg D 373.7 1428.5 457.8 404.5 3427.6 
Brazil: uu MN 
J ͥ]•ͤ¹¹ĩ ůͤ¹u a peau zem NIS 9.6 10.0 11.0 
Secondary- - - ³o AAA cL 63.0 45.0 47.4 39.3 50.3 
Total e moe ee ia 63.0 45.0 57.0 49.3 361.3 
Bulgaria, primary and secondary 63.0 62.0 65.0 162.0 62.0 
Canada: | 
Primary 24.2.2.25 lcu km 8 1505.2 1476.7 7331.8 464.3 515.0 
Secondary — 44.0 31.9 16.5 33.0 35.0 
I ³ AAA 1549.2 1508.6 1354.3 497.3 550.0 
Chile, pimessese 8 810.7 775.6 852.5 833.4 3879.2 
China, primary and secondary: 1295.0 1295.0 1300.0 1310.0 310.0 
Czechoslovakia, primary and secondary - __ _— _— 25.6 125.5 25.6 25. 7 25.0 
Egypt, secondary 2.0 2.0 2.4 2.4 2.6 
Finland: | 
Fi et ee ees 30.5 23.8 38.0 45.4 47.3 
Sn, 88 10.0 10.0 10.0 10.0 10.0 
PI %⅛˙n ð - et tee 40.5 33.8 48.0 55.4 357.3 
France EM CCCCCOV 
Primary 23.0 23.0 24.0 22.0 20.0 
Secondary? ______________________ 23.5 23.0 23.1 21.9 20.9 
Total o i ⅛˙ 2.2. ĩðâꝛ as 46.5 46.0 47.1 43.9 340.9 
German Democratic Republic, primary and 
r oe oe ee 51.0 754.0 51.0 750.0 50.0 
Germany, Federal Republic of: 
Primary e e Lune Vd LI 302.5 304.1 313.7 332.4 298.0 
Nen. 71.5 83.4 80.4 87.9 83.0 
Totals noon iere euch ae eae 314.0 387.4 394.1 420.3 381.0 
Hungary, primary and secondary 12.0 12.0 312.2 12.5 12.8 
India: . 
Primary (electrolytic cathode). __________ 124.6 124.0 25.6 28.4 32.6 
f oo ee e Ls 11.0 11.2 21.0 r ei. 1.0 
T;öĩè¹⁵Sdwu! ß 8 125.6 125.2 26.6 29.4 33.6 
Iran, primary 8 8 1.0 10.0 90.0 
Italy: | 
F f ee a cul 2.0 1.0 dux coe zd 
Secondary? ______________________ 10.2 22.7 219.6 20.0 20.0 
Total FCC 12.2 23.7 19.6 €20.0 20.0 


See footnotes at end of table. 
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Table 40.—Copper: World refinery production, by country —Continued 


(Thousand metric tons) 


Country 1980 1981 1982 1983P 19849 
Japan 
Primary ---------------------——- 889.5 930.0 948.2 944.6 3821.1 
Send 88 124.8 120.2 126.8 147.4 3114.1 
rr ĩðw emi e 1.014.3 1,050.1 1,075.0 1,091.9 3935.2 
Korea, North, primary and secondary? _______ 22.0 22.0 22.0 22.0 22.0 
Korea, Republic of: 
Uma eS AAA 72.9 108.0 110.8 123.3 3129.1 
Secondary 6.1 5.0 5.0 111.5 7.9 
Total® ul EE 79.0 113.0 115.8 ™134.8 137.0 
Mexico: 
Piman Sn «⅛ AA a UE ee 14.6 61.3 61.4 180.9 80.0 
Secondary // 11.0 10.0 14.0 15.0 15.0 
Tóta c xeu 0: gq w etu tA Rf 85.6 71.3 75.4 T95.9 95.0 
Norway: 
Primary (electrowon )))) 25.8 26.1 18.0 22.7 330.3 
Secondary ______________________ 6.0 6.0 6.0 6.0 6.0 
Total ist ence ñ³ ͤ os dtr Se es 31.8 32.1 24.0 28.7 36.3 
Oman, primar I s es *12.0 315.1 
Peru, primary: 
Electro won 133.8 133.8 33.9 33.0 30.8 
Mill eeu y sx Lu I 195.7 175.6 194.4 158.1 188.6 
/// BO A ye cei c 1229.5 1209.4 228.3 191.1 219.4 
— ͤ . . . . NRI ie cl 
Philippines, primary ----------------—- =a Bers - 38.8 77.0 
Poland, primar) 357.3 327.2 348.0 360.0 3372.3 
Portugal, primar 4.5 14.8 4.6 “4.6 4.6 
Romania: 
r . 40.7 39.4 38.0 35.0 33.0 
Seon da,, RM edes 24.3 20.6 12.0 12.0 12.0 
7;ö˙;5eé 8 65.0 60.0 50.0 47.0 45.0 
South Africa, Republic of, primary? |... 140.9 144.1 142.8 138.7 3155.7 
Spain: 
Primar 138.7 137.1 151.3 143.6 135.0 
Secondary? ______________________ T15.0 15.0 20.6 15.0 15.0 
S 7153.7 152.1 171.9 158.6 150.0 
Sweden: 
Primary. cule EE 43.2 50.1 *50.3 151.4 51.9 
Secondary 12.5 11.8 “12.0 “12.0 12.0 
Tota eat u ha eh dS 55.7 61.9 62.3 163.4 363.9 
Taiwan 
Primary — 11.5 45.2 39.4 30.0 40.4 
Secondary .. h — 8.0 8.0 8.0 8.0 8.0 
Total pur EE A T EEE ͤ K ILE 19.5 53.2 47.4 38.0 348.4 
Turkey, primary - - - -----------------—- 15.6 24.2 32.2 30.0 32.0 
U.S. S. R.: T © 
Primary ——-———— ; 4258 32 Sees 720.0 730.0 759.0 776.0 798.0 
Secondary 2c sna cem rmn ee es 135.0 137.0 138.0 139.0 141.0 
ͤõĩ§[%6ktivtÜ;i ⁵ 8 855.0 867.0 897.0 915.0 939.0 
United Kingdom: 
Primary c n e d eA guis. 68.3 59.8 63.2 *61.5 69.5 
Secondary- - - - ----------------——- 93.0 76.3 71.0 €76.8 67.4 
Total- 1 neue ceu iL ree E 161.3 1136.2 134.2 “144.3 136.9 


See footnotes at end of table. 
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Table 40.—Copper: World refinery production,“ by country —Continued 


(Thousand metric tons) 


Country 1980 1981 1982 1983 . 1984* 
United States: 
Primary: 
Electroõwonotn 117.6 161.1 131.9 101.9 3110.1 
Other. ee 8 1,097.6 1,382.9 1,094.9 1,080.2 1,090.0 
Secondary ~ - - - - AAA cud a 515.1 493.6 467.5 401.7 309.5 
...... eh as ee eee aes 1,780.3 2,087.6 1,694.3 1,583.8 31,509.6 
Yugoslavia 
III a esL acini 91.8 90.7 82.5 *91.0 : 94.6 
Secondary pus AL M ter 89.5 41.9 444 S827: 33.0 
Total hil er ey MENON 8 131.3 132.6 126.9 123.7 3127.6 
Zaire, primary ________________----_- 144.0 151.3 175.0 226.7 $224.5 
Zambia, primary: 
Electrowon ___________~---------- 124.8 122.2 130.9 119.0 3134.4 
ͤ ] AA uncle 482.8 438.2 453.7 456.4 881.5 
Total MERE MORTEM OT ees 607.6 560.4 584.6 575.4 3521.9 
Zimbabwe, primary /// 3.1 8.0 23.0 21.6 21.6 
Grand total“ rg, 868.5 9,171.2 8,977.6 9,116.7 9,154.6 
Of which: 
Primar r7 060.1 77, 432.6 7,244.4 7,410.7 7,569.3 
Secondary. jj 11, 339.8 11, 268.2 1.257.4 1,224.0 1,103.7 
Primary and secondary, 
undi erentiated_ ~-+-+---- 1468.6 1470.5 475.8 482.2 481.8 


*Estimated. Preliminary. Revised. l l 

This table includes total production of refined copper, whether produced b 5 or electrolytic refining 
methods, and whether derived from primary unrefined copper or from scrap. Copper cathode derived from electrowinning 
processing is also included. To the extent ible, primary and second output of each country is shown separately. In 
most cases, total refinery production is officially reported, and in some, the distribution between primary and secondary 
has been estimated. Table includes data available through June 25, 1985. 

*Data may not add to totals shown because of independent rounding. 

* Reported figure. 

*Data are for years beginning Mar. 21 of that stated. 

5Includes electrowon cathode produced from imported matte. 

*May include small quantities of secondary. 


SAlough only primary production is reported, an unknown but small additional output of secondary refined copper 
may have been produced. i 


Diatomite 


By A. C. Meisinger! 


The quantity of processed diatomite pro- 
duced in 1984, all in four Western States, 
was 627,000 short tons, a slight increase 
over that of 1983. California continued to be 
the leading producing State. 

Exports of diatomite decreased 13% to 
127,000 tons and comprised 20% of domestic 
production, compared with 24% in 1983. 


Domestic Data Coverage.—Domestic pro- 
duction data for.diatomite are developed by 
the Bureau of Mines from one voluntary 
survey of U.S. plant operations. Of the nine 
operations to which a survey request was 
sent, 100% responded, representing 100% of 
the total production shown in tables 1 and 
5. 


Table 1.—Diatomite sold or used by producers in the United * 
(Thousand short tons and thousand dollars) 


1980 1981 1982 1983 1984 
Domestic production (sale) / 689 687 618 619 627 
Total value of ales $100,610 $113,010 $107,619 $114,279 $120,926 
DOMESTIC PRODUCTION 


Domestic production of diatomite was 
621,000 tons valued at $121 million compar- 
ed with 619,000 tons valued at $114 million 
in 1983. Seven companies processed diato- 
mite in nine plants in four States. Califor- 
nia continued to be the leading producing 
State, followed by Nevada, Washington, and 
Oregon. 

The major diatomite producers were 
Manville Products Corp., with operations at 
Lompoc, CA; Grefco Inc., Dicalite Div., at 
Lompoc, CA, and Mina, NV; Eagle-Picher 
Industries Inc. at Sparks and Lovelock, NV; 
and Witco Chemical Corp., Inorganic Spe- 
cialities Div., at Quincy, WA. Other produc- 


ers were Lassenite Industries Inc. in Her- 


_long, CA; Cyprus Diatomite Co. in Fernley, 


NV; and Oil-Dri Production Co. in Christ- 
mas Valley, OR. 

American Resources Equity Corp., Den- 
ver, CO, mined diatomite in Shasta County, 
CA, and shipped unprocessed material in- 
state for use as a silica source in making 
cement. 

Eagle-Picher announced plans in early 
1984 to construct a processing plant near 
Vale, Malheur County, OR. The plant, 
when completed, was to be supplied from 
diatomite deposits in Malheur and Harney 
Counties. 
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CONSUMPTION AND USES 


Apparent domestic consumption of proc- 
essed diatomite increased 6% to 500,000 
tons. Domestic and export sales of filter- 


also increased slightly to 137,000 tons. Diat- 
omite used as absorbents and additives 
increased 12% to 66,000 tons. Insulation use 


grade diatomite were up slightly to 418,000 


decreased 67% during the year to 6,500 
tons, while sales of filler-grade diatomite | 


tons. 


Table 2.—Diatomite sold or used, by principal use 
(Percent of U.S. production) 


Use 1981 1982 1983 1984 
e e rU t tt Um 8 66 64 68 66 67 
III!!! te ee Duc c AA ee On AE 21 23 19 21 22 
Insulation J%jüöüöͤä³ů! ĩ ũ P — m$ 3 2 1 3 1 
Other eh ³·i ⁰AAyAaͥb ĩð u yd y Ree 10 11 12 10 10 
Includes exports. 
Includes abrasives (1980-82), absorbents, and additives. 
PRICES 
The average unit value of sales for proc- $193. 
essed diatomite increased $8 per ton to 
Table 3.—Average annual value per ton! of diatomite, by use 
Use 1982 1983 1984 
CJ u ³⁰¹ A ⁰¹d.ſ 88 8160.72 8176.77 8175.10 
Fuß. 5555 191.85 200.16 210.60 
p e c LL t E LU EAE 121.61 119.26 136.98 
Miscellaneous? — - - - --------------------------—----——-—— 111.55 116.05 120.85 
Weighted average 175.63 184.58 192.62 
! Based on unrounded data. 


2Includes abrasives (1982), absorbents, catalysts (1982), lightweight aggregates (1982), and silicate admixtures (1983-84). 


FOREIGN TRADE 


U.S. exports of processed diatomite 75% of the total. 
decreased 13% from that of 1983. Average 
unit value of exports increased from $216 
per ton to $232 per ton. Diatomite was 
exported to 80 countries and represented 


Table 4.—U.S. exports of diatomite 
(Thousand short tons and thousand dollars) 


20% of domestic production. The following Year Quantity Value! 
five countries received 60% of the total: 
Canada, 29,400 tons; Japan, 17,300 tons; 19822 144 29886 
Australia, 13,400 tons; the United Kingdom, 198D＋2ulouſ 146 31,569 
8,400 tons; and the Federal Republic of 195! ---------------- CLE 
Germany, 7,800 tons. 1U.S. Customs. 

Imports of diatomite totaled 338 tons 
valued at $105,000, with Mexico supplying 

WORLD REVIEW 
World production of diatomite remained and France with 14%. 


at near an estimated 1.7 million tons. The 
United States produced 38% of the world 
output, followed by the U.S.S.R. with 16% 


Industry economist, Division of Industrial Minerals. 
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Table 5.—Diatomite: World production, by country! 


(Thousand short tons) 

Country 1980 1981 1982 1983P 1984° 
Algeriaf___---------------------—- 5 5 5 5 5 
Argentina - - ---------------------—— 7 5 7 12 11 
Australi ang 3 ro 2 reg 9 
Brazil (marketable) ___________________ 16 10 14 *18 18 
Canada uuu ³⅛¹¹—w ²•m̃ 88 24 4 2 2 2 
„ oat ( dede Rt ue 1 (3) (3) 1 1 
Colombia. a — 1 1 1 1 1 
Costa Ricaaa 22222222222 222r 1 1 1 el 1 
Denmark: 

Dia tomie 228 14 € PR 
Moler®________________________-_ 138 138 138 1151 143 
A ͤ³ĩ¹wmnà] (( ³»W.¹ nad se US PA ME 3 (3) 
France? ` 2 2—22- 240 230 2269 r244 240 
Germany, Federal Republic olf 58 47 47 49 49 
F nann 20 22 28 28 28 
Italy NE ccc E a s ws eet 33 28 22 28 26 
Kenya qa te ee ee he oe (3) (3) 2 2 2 
Korea, Republic off 28 46 61 62 60 
ßJ))öĩ ⁵ↄðiLſ/ſ ³ 68 62 62 62 48 50 
Peru” ete a ͤ ð ⁵ T c AE 8 8 8 8 8 
JJ ³˙¹wTTCwd ( ĩͤv ence 3 3 eg 2 2 
Romania 45 45 45 45 45 
South Africa, Republic of.. 1 1 1 1 (3) 
SSS Ü Üv . t tate Hed ie 26 42 70 61 60 
Fig 2 (3) (3) (3) (3) 
1E7]«˙ð¹⅛²oꝛ A eer. 10 11 11 211 10 
ö; ⁰yyt y Eh uero da 250 250 260 260 265 
United Kingdom 1 1 1 15) 1 
United States 689 687 613 619 2627 
r˙⁵•— ͤ K em o Sous e ien d 71,680 11,653 1.673 1,068 1,664 


“Estimated. Preliminary. Revised. 

1Table includes data available through Apr. 16, 1985. 
* Reported figure. 

Less than 1/2 unit. 
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Feldspar, Nepheline Syenite, 
and Aplite 


By Michael J. Potter’ 


Total U.S. feldspar output in 1984, includ- 
ing soda, potash, mixed, and feldspar-silica 
mixtures, was 710,000 short tons with a 
value of $23.5 million. The tonnage of feld- 
spar used in glass decreased compared with 
that of 1983, while the tonnage used in 
ceramic articles, such as in housing con- 
struction, increased slightly. Imports of 
crude and ground nepheline syenite de- 
creased 7% to about 378,000 tons with total 
value remaining about the same. 

Domestic Data Coverage.—Domestic pro- 
duction data for feldspar are developed by 


the Bureau of Mines by means of a volun- 
tary survey. Of the 16 active mines, 14, or 
88%, responded, representing an estimated 
95% of the total production data for feld- 
spar shown in table 1. The remaining 5% 
was estimated from prior years' data ad- 
justed to current industry levels. 

Legislation and Government  Pro- 
grams.—According to provisions of the Tax 
Reform Act of 1969, which continued in 
force throughout 1984, the depletion rate 
allowed on domestic and foreign feldspar 
production was 14%. 


Table 1.—Salient feldspar and nepheline syenite statistics 


1980 1981 1982 1983 1984 
United States: 
Feldspar 
Produced]! short tons. . 110,000 665,000 615,000 110,000 710,000 
Value eee 8 thousands. _ $23,200 $21,000 $20,300 $22,500 $23,500 
ö§öĩOõÜꝛð ů ꝶ MMA short tons. _ 13,000 14,025 10,800 9,360 10,080 
Valurtre N thousands. _ $896 $1,110 $989 $856 $920 
Imports for consumption short tons. . 404 206 48 64 25 
C NUR thousands. _ $133 $61 $24 $31 $15 
Nepheline syenite: 
Imports for consumption short tons. . 504,340 506, 100 455,596 407,351 311,945 
WWII... 8 thousands $11,264 $11,529 $13,751 $13,997 $14,218 
Consumption, apparent? (feldspar plus nepheline syenite) 
thousand short tons. . 1,202 1,157 1,060 1,108 1,078 
World: Production (feldspar) |... do- 13 530 T3595 3,865 P4 082 24,011 
Estimated. Preliminary. Revised. 


includes hand- cobbed feldspar, flotation- concentrate feldspar, and feldspar in feldspar-silica mixtures; includes potash 
feldspar (8% K320 or higher). 
?Production plus imports minus exports. 


FELDSPAR 


DOMESTIC PRODUCTION potash feldspar without revealing company 
proprietary data in this report, feldspars 


Soda feldspar is defined commercially as containing more than 8% K: O are defined 


containing 7% soda (Na: O) or higher; pot- 
ash feldspar contains 10% potash (K4,O) or 
higher. However, to publish information on 


as potash feldspars. Hand-cobbed or hand- 
sorted feldspar is usually obtained from 
pegmatites and is relatively high in K,O 
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compared to Na: O. Hand cobbing continued 
to be a minor fraction of total production. 
Feldspar flotation concentrates, most of the 
U.S. output, are classified as either soda, 
potash, or “mixed” feldspar, depending on 
the relative amounts of Na, O and K. O 
present. Feldspar-silica mixtures, feldspath- 
ic sand, can either be naturally occurring or 
a flotation product. Total feldspar content 
of this mixture was 28% of total feldspar 
output during the year. 

Feldspar was mined in six States, led by 
North Carolina and followed, in descending 
order, by Connecticut, Georgia, California, 
Oklahoma, and South Dakota. North Caroli- 
na accounted for 72% of the total. Eleven 
U.S. companies operating 16 mines and 12 
plants produced feldspar or feldspar-silica 
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mixtures for shipment to more than 31 
States and foreign countries, primarily Can- 
ada and Mexico; of these companies, 3 
produced potash feldspar, and the remain- 
der produced mixed feldspar or feldspathic 
sand mixtures. North Carolina had six 
plants, California had three, and Connecti- 
cut, Georgia, South Carolina, and South 
Dakota each had one. 

The data for potash feldspar were collect- 
ed from the three U.S. producers of this 
material; some of this feldspar contained 
less than 10% K,0 (8% to 10% K;0). 

The Owens-Illinois Inc. sand operation, 
near San Juan Capistrano, CA, was pur- 
chased by California Silica Products Co., a 
subsidiary of Oglebay Norton Co.? 


Table 2.—Feldspar! produced in the United States 


(Thousand short tons and thousand dollars) 


Flotation Feldspar-silica 
Year Hand-cobbed concentrate mixtures? Total? 
Quantity Value Quantity Value Quantity Value Quantity Value 
18800 onc 14 229 566 18,240 130 4,180 110 23,200 
181 (? 11 194 504 16,850 149 4,000 665 21,000 
1982 3 ( 10 172 457 16,090 147 4,040 615 20,300 
1999... omnee 7 107 525 17,128 178 5,265 710 22,500 
984. 7 1 502 17, 874 201 5, 503 710 23,500 
„Includes potash feldspar (8% K or higher). 
2Feldspar content. 
Pata may not add to totals shown because of independent rounding. 
Table 3.— Producers of feldspar in 1984 
Company Plant location Product 
Arkhola Sand & Gravel Co ͥ;o Muskogee, MKK Feldspar-silica mix- 
ture. 
§LIL᷑Üi a ae c Santa Fe Springs, CA Soda feldspar. 
Crystal Silica Co- - - - -- - - ---------------------- Oceanside, A Feldspar-silica mix- 
ture. 
The Feldspar Corp --------------------------—- Middletown, C Soda feldspar. 
/)/ööõõ oy ß E aie ta GA Potash e Capat: 
, e E eo aD rue 5 y 3 Soda feldspar. 
)))) y é 5 A Aplite. 
Foote Mineral Co - --------------------------- Kings Mountain: NC _ Feldspar-silica mix- 
ture. 
Indüsmin Ne: e Se ee ee ee e eeu Spruce one NC eo 3 Soda feldspar. 
International Minerals & Chemical Corp- ~- - ------------ doo Do. 
Kings Mountain Mica Co. oo Kings Mountain, NC _ Potash feldspar. 
Lithium Corp. of America Bessemer City, NC- Feldspar-silica mix- 
ture. 
Owens-Illinois Ine Pan : uan Capistrano, Do. 
Pacer Corp ou ce cuc ß aen ae Custer, SD Potash feldspar. 
Spartan Minerals Cor Pacolet, SC |... Feldspar-silica mix- 


ture. 


FELDSPAR, NEPHELINE SYENITE, AND APLITE 


CONSUMPTION AND USES 


The majority of users acquired their sup- 
plies already ground and sized by feldspar 
producers, although some manufacturers of 
pottery, soaps, and enamels continued to 
purchase feldspar for grinding to their pre- 
ferred specifications in their own mills. A 
substantial portion of the material classi- 
fied as feldspar-silica mixtures served in 
glassmaking without additional processing. 

Fifty-five percent of the total feldspar 
consumed in the United States was used in 
glassmaking, including container glass and 
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glass fiber; 41% was used in pottery; and 
the remaining 4% was used in enamels, 
electrical insulators, etc. 

The use of feldspar in ceramic articles 
such as plumbing fixtures and tile increased 
by about 596 compared with that of 1983 as 
a result of continued growth in housing 
construction. 

Areas of glass fiber growth in reinforced 
plastics included dishes for microwave ov- 
ens, receiving dishes for television signals 
relayed from satellites, automobiles, con- 
struction, highway signs, and in hulls of 
advanced minesweepers.’ 


Table 4.— Destination of shipments of feldspar! sold or used by producers in the 
United States, by State 


(Short tons) 

State 1980 1981 1982 1983 1984 
Aw tmo ro Eee ee a 21,100 19,600 16,500 14,600 15,100 
California? = = 2222222222222222 40,000 35,000 30,000 45,000 45,000 
Connecticut tasso ee ee ĩð cL LE 18,400 17,800 18,800 W 
Florida uU Eur hh di ae LE LAE 32,800 25,100 21,000 22,100 20,300 
ETT) r aL RENDER PP 64,700 68,300 14,600 96,900 96,000 
Dinos ner e e oe s 36,600 31,100 26,900 46,600 38,000 
Fü.... ⁵ ↄ ee ee Ses 26,700 22,700 20,200 37,200 35,500 
Kentucky uso s eM a ð v nt ⁰y fa ete ta 12,800 11,700 13,400 11,400 13,300 
LOUISIal ds acean õdmd : 88 14,600 13,900 12,200 17,400 21,300 
1 EY ng 0: ean iene E 5,100 4,300 4,600 4,500 7,400 
Massachusetts. ___________________ — 11,100 8,800 9,300 1,200 10,600 
Mering 2,100 W 2,000 W W 
MISSISSIDDI 5a tos Rue ls ee ⁵ 8 15,600 13,000 15,800 15,900 12,000 
MISSOUEL -aooaa Sate ete ee, eee 4,900 4,300 4,100 5,000 4,400 
New Jersey 242.25 22528 25455052 eed 64,600 63,400 51,700 56,600 53,200 
New York. fs oe oa tn tr SERO IDEE ees 23,100 19,400 17,800 18,300 9,000 
North Carolina. «a ee ee ct A W 17,000 16,500 20,100 16,400 
%%%%é˙·ũ d ðr : SIR ß SRM 56,400 52,800 51,600 53,600 62,100 
Geh. é 31,000 34,100 31,900 W W 
Pennsylvaniikhk˖nk ~~ _____ 46,200 42,900 28,800 33,200 36,200 
South Carolina 15,600 16,400 14,900 18,400 17,400 
Pennesssssssssssss ⅛ð ——“—öU6ẽ—ů 18,300 16,100 15,300 W W 
TOMAS. se cn whan ot ee ey hs A a 35,000 39,400 36,700 41,900 41,300 
West VirgininiuniunaKasass 55,400 36,100 31,600 38,100 27,400 
Worin ð foc pe o a W W W 9,400 11,100 
Other destinations 57,300 40,600 43,800 102,000 96,400 

;] o˙ͥ—'ꝛ⅛un. %o˙ ²m ĩð Set ere ced ge 710,000 655,000 610,000 110,000 690,000 
"Estimated. "Revised. W Withheld to avoid disclosing company proprietary data; included with "Other 
destinations." 


„Includes potash feldspar (8% K20 or higher). 
2Data are incomplete, and estimates are very rough. 


3Includes Arkansas, Colorado, Kansas, Minnesota, Rhode Island, Virginia, States indicated by symbol W. and 
unspecified States. Also includes exports to Canada, Mexico, and other foreign countries. 


Table 5.— Destination of shipments of potash feldspar’ sold or used by producers in the 


United States 
(Short tons) 
Destination 1980 1981 1982 1983 1984 

Illinois, Indiana, Wisconsin ________ CCC 13,400 11,300 | 8,000 6,000 5,600 
Maryland, New York, West Virginia 28,200 24,800 21,600 25,300 19,000 
J E ³⁰¹Aͥ et EN ³ A pel eae 10,700 9,800 8,100 8,100 6,800 
, e MEI uie eR. es 8,200 9,100 6,400 7,100 12,500 
BXHUS a ae anre M D ² ⁵ d ĩ eth eg 400 200 200 300 200 
Ü w 8 4,300 4,900 3,200 4,300 3.700 
ee e ß ß e a 1,600 2,800 2,400 W W 
p e as ME m ei IE 18,200 17,500 16,300 14,100 15,900 
TI’ Ü—˙⁰¹¹⁰¹rͥ Assn Al e Nue E ed x 85,000 80,400 66,200 65,200 63,100 


W Withheld to avoid disclosing company proprietary data; included with Other.“ 

1K20 content of 8% or higher. 

2Includes Alabama, Arkansas, California, Colorado, Connecticut, Florida, Georgia, Kansas, Kentucky, Michigan, 
Massachusetts, Minnesota, Missouri, New Jersey, North Carolina, South Carolina, Tennessee, States indicated by symbol 
W, and other unspecified States. May also include foreign countries. 
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Table 6.—Feldspar! sold or used by producers in the United States, by use 
(Thousand short tons and thousand dollars) 


U 1983 1984 
ii Quantity Value Quantity Value 
Hand-cobbed: 
Potter e cec Cu D ³ A A mU ILLI aA (2) 26 6 487 
Mher ae esa se E cas tein ele ee ee 7 427 1 51 
77) C Ses cy Be hs Ca T 453 7 538 
Flotation concentrate: 

asus hoc ⁰˙⁰¹ ur LL ³o¹m Ae Mr SACO 204 7,393 229 7,063 
C/ Pe t; E pe CE 249 10,875 249 11,817 
Other 2a ß e A ELA ree W W 

Total tarps ³·¹¹wmwmAAA ĩðV·wm a ag ch ERR W W W W 
Feldspar-silica mixtures:? 

)) wü ES ae ur mi i Ed 157 1,910 153 1,468 
Pottery o ro dude a E 8 19 1,399 28 1,367 
8/301) ARCEM ERR CREER SNO ⅛ o:D - y 88 W W 

7ööÜ—i «ñ . pn a ee W W W W 

Total:“ 
e METER ene it ese lt ate ee ree eee es eS es E 410 14,963 382 14,531 
Pottery JJ a re tg Sa le tee ag neha An a a gat a 268 12,300 283 13,671 
/; ae aa a eg AL v eA gets 32 1,683 24 1,398 
Toal 2 tma Ne tim re to eee area oats a 710 28,946 690 29,600 


W Withheld to avoid disclosing company proprietary data; included in Total.“ 
1Includes potash feldspar (8% K20 or higher). 

?Less than 1/2 unit. 

*Feldspar content. 

‘Data may not add to totals shown because of independent rounding. 

5Includes container glass and glass fiber. 

Includes enamel, filler, etc., and unknown. 


Table 7.—Potash feldspar! sold or used by producers in the United States, by use 


1983 1984 
Use Quantity Value Quantity Value 
(short tons) (thousands) (shorttons) (thousands) 
Pottery sd AS E tes a Ag ath A ĩ te aaisee 42,100 $2,935 48,100 $3,508 
/A!!! Se eas ee 8 23,100 1,260 15,600 819 
öÜ ⅛²D. ES ie ec M Ae as DL 65,200 4,195 63,700 4,327 


1K20 content of 8% or higher. 
2Includes glass, enamel, etc. 


PRICES feldspar, per short ton, f.o.b. mine or mill, 


Engineering and Mining Journal, Decem- carload lots, bulk, depending on grade: 


ber 1984, listed the following prices for 


1983 1984 

Connecticut: 

20 mesh, granular_ _ _ _ $39.00 $39.00 

200 mess - 53.25 53.25 
Georgia: 

40 mesh, granular. _ _ _ 51.00 54.00 

200 mes 69.25 73.50 
North Carolina: 

20 mesh, flotation _ _ _ _ 29.25 29.25 

40 mesh, flotation _ _ _ _ 51.00 54.00 

200 mesh, flotation ___ $44.00- 70.25 44.00 


Source: Engineering and Mining Journal, Dec. 1984, v. 
185, No. 12, p. 27. 


FELDSPAR, NEPHELINE SYENITE, AND APLITE 


FOREIGN TRADE 


U.S. exports in 1984 classified as feldspar, 
leucite, and nepheline syenite, but presuma- 
bly mostly feldspar, increased 8% to 10,080 
tons valued at $920,000. Chief recipients 
were Canada, 60%; Mexico, 12%; the Do- 
minican Republic, 10%; and Taiwan, 6%. 
The remaining 12% was shared among 15 
other countries. 

In addition to feldspar and nepheline 
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syenite, the United States imported 1,400 
tons of “Other mineral fluxes, crushed ” 
with a value of $474,800 and 98,300 tons of 
“Other crude natural mineral fluxes" with 
a value of about $6.6 million. 

The tariff schedule in force throughout 
the year for most favored nations provided 
for a 3.1% ad valorem duty on ground 
feldspar; imports of unground feldspar were 
admitted duty free. 


Table 8.—U.S. exports of feldspar, by country 


Country 


Canada 


Dominican RepubliLLL«Jꝙq k 
VU eene eme ³ ³ / ⁰⁰mm y dL S 
Philippines 
777 ³o²¹à. ⁵ ⅛ð—;ſdſ ³ ⁰⁰ym; ⁵⁰ 8 


Oter aa uns e y ĩ é. E E URS EU ul tue 


Source: Bureau of the Census. 


Table 9.—U.S. imports for consumption of feldspar, by type and country 


Type and country 


Crude: 


Germany, Federal Republic of . .. 


United Kingdom ______________~___________ 


Ground, crushed, or pulverized: 


Canada- muss es ein des S Rum 
) ³Ü mr y 88 
Germany, Federal Republic o7f 
7 · or s eas ( E eun 
United Kingdom ___________~_~____~_________ 


Source: Bureau of the Census. 


WORLD REVIEW 


Production and producing companies of 
feldspathic minerals in Finland, France, the 
Federal Republic of Germany, Italy, Nor- 
way, and Sweden were described as part of a 
journal article on raw materials for ceramic 
whiteware.“ | 

Canada.—Although Canada is a large 
producer of aluminum, it has no domestic 
source of bauxite and must rely on imported 
bauxite for producing the metal. Anortho- 
site, a lime-soda feldspar rock, was investi- 
gated as an alternative source of alumina 
for the production of aluminum. If technolo- 


1983 1984 
Short tons Value Short tons Value 
3 5,370 $338,900 6,040 $378,100 
CS 330 113,600 1,020 107,400 
3 1.240 78,60 1,180 179,400 
EE 640 38,400 270 27,100 
m: 670 177,900 600 112,000 
LANCE 300 30,800 490 38,300 
RC 810 77,600 480 77,400 
"E 9,360 855,800 10,080 919,700 
1983 1984 
Short Short 
tons Value tons Value 
PERS dus "e 1 $361 
V 3 $578 zo "M 
3 15 5,650 era = 
"s er - 1 561 
EROR DET HR 3 1,320 T" me 
5 9 9,839 11 9,800 
TIUS m NM 2 227 
5 34 13,406 T uL. 
53 e aet 10 3,595 
chai cue sim 64 30,793 25 14,544 


gy for the extraction of alumina from anor- 
thosite should ever prove feasible, the larg- 
est deposit, the Lac St. Jean anorthosite in 
Quebec, is located near the largest Canadi- 
an aluminum smelter.5 

Nigeria.—Feldspar was being supplied to 
the ceramics and glass industries by Inter- 
mediate Technology Industrial Services, 
which hoped to expand into export markets. 
The specifications of the feldspar being 
supplied were K;O plus Na.O, 15%; alumi- 
na, 18%; silica, 65%; and less than 0.1% 
iron oxide.* 

United Kingdom.—Feldspar imports in 
1982 were about 92,000 tons. Principal coun- 
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tries of origin were Norway, 46%; Finland, treating several minerals, including zeol- 
35%; and Sweden, 16%. In 1983, imports ites, quartz, feldspar, and white granite, 
were about 61,000 tons, with principal coun- was to be built at Bujanovac in Serbia. 
tries of origin being Norway, 46%; Finland, Expected production capacity was 33,000 
30%; and Sweden, 19%.’ tons per year.* 

Yugoslavia.—A processing plant for l 


Table 10.—Feldspar: World production, by country! 


(Thousand short tons) 
Country? 1980 1981 1982 1983P 1984* 
Argentina = o.com mE ERES eye ee 36 29 17 22 22 
Australia.) o e oe eee ERE MAG Sone 4 4 5 eg 4 
M. ³ ⁵ ee reu E. 12 11 3 1 1 
JE ↄ ↄ GAGAͥ ͤ ³ -- EA "136 "131 145 r *165 165 
II eh ³Ü¹A mr mm d A M aie 2 5 3 3 3 
)! TATE ete eee 2 3 1 4 3 
ehh; K eu hc ee 30 30 33 35 35 
B ³»W.ii. ĩ³ 6 d a le eh A 4 9 7 6 
EinlaBUu tas ũ iw::::ff A my 88 82 70 77 57 61 
France |. .. ... 337 DERE 231 211 191 193 193 
Germany, Federal Republic ok 420 377 365 364 369 
; S aaa ð ⁰ ee 24 11 “13 PST y S 
Hong Kong TP 18 4 36 62 44 
Indidoro | nx aM M E Lane . e TAE dre 65 65 49 46 50 
Ira t s. cpm ee LL ⁊ðͤ v m mas MM E C 2 3 3 
/ Ee ac CPU 380 472 864 951 959 
SJ el a P a 88 33 128 33 34 37 
);öõͤõ]˙¹ſſſ é (5) (5) T 1 1 
Korea, Republicof ___________.__________-_- _ 19 114 94 121 99 
México- uc oio o eiie y y mr SM IS E E e 129 144 121 130 132 
Mö a ee y w Ot M E 2 2 1 el 1 
l K LU Le Lr 6 6 6 6 
Norways o a aea n ͤ v ( d ec 14 r €77 TET 82 77 
ID. Eq -—-——-—————À— 12 12 10 7 9 
3JCC( ]òͥ?ßꝙt ea ee eet ek eo ere Lead ME 17 24 28 e28 28 
Hippies. eee eee 18 118 17 217 17 
1ͤ C00 oĩo?·i ͥ T A e 44 90 88 88 88 
FFF ³˙¹ AAA reg 145 49 e47 r €46 44 
Romania- ome ⅛˙Üẽ.⁰ eui t 8 "66 166 166 166 66 
South Africa, Republic ooalLmLM◻dddddds◻LL 58 63 53 49 42 
JJ; ³ð³Aͥõͥ ³⁰ yyy K at AS 114 143 144 128 127 
Sri Lanka 4 e4 3 3 3 
S nado ea Se / a oe a ĩðv 8 | 64 44 60 61 61 
Taiwan «EN 28 19 12 13 17 
Thailand «vt orum RAE 27 27 21 53 44 
õù]˙“ͥw ĩ⅛ KK ek, ey 80 r77 177 810 11 
ö˙öÄ˙Ü se ete mrs 88 340 350 360 360 360 
United Kingdom (china stone 55 55 55 55 55 
United ste eke tee eee: 710 665 615 710 8710 
Urügüay m ³ĩVÜAAA a a i Se 3 3 1 Pf 1 
Venezuela 3Jöö;ö˙ð PER: 7 24 8 o 41 3 
// eec ⁰⁰⁰d ⁰ꝗãʒ inu 64 59 47 247 46 
777õöĩ;5 ß ER l (5) (5) (5) (5) 
777 Act LI 8 1 3 1 e! 


E ͥͥ‚‚T—T—T—B——T———d——— ee eee 13,530 13,595 3,865 4,082 4,011 


“Estimated. Preliminary. "Revised. 

Table includes data available through Apr. 30, 1985. 

?In addition to the countries listed, Czechoslovakia, Romania, Madagascar, Namibia produced feldspar, but output is 
n Diicialy reported and available general information is inadequate for the formulation of reliable estimates of output 
evels. 

3Series excludes production of leucite and sodalite; data consist only of that material reported by Brazil under the 
heading of Feldspar.“ Data represent the sum of (1) run-of-mine production for direct sale and (2) salable beneficiated 
product; total run-of-mine feldspar production was as follows, in thousand short tons: 1980—150; 1981—133; 1982—87; 
1983—17; and 1984 - not available, 

‘In addition, the following quantities of aplite were produced, in thousand short tons: 1980—334; 1981—386; 1982—385; ` 
1983—455; and 1984—-466 (estimated). 

5Less than 1/2 unit. 

“Described in source as lump feldspar; does not include nepheline syenite. 

Includes pegmatite. 

5Reported figure. 


FELDSPAR, NEPHELINE SYENITE, AND APLITE E 


TECHNOLOGY 


In its continuing effort to increase effi- 
ciency and conserve energy, the glass con- 
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tainer industry was moving toward more 
finely ground feldspar and feldspathic sand, 
such as minus 30- or minus 40-mesh mate- 
rial.? 


NEPHELINE SYENITE 


Nepheline syenite is a quartz-free, light- 
colored rock that, although resembling 
medium-grained granite in texture, consists 
principally of nepheline and alkali feld- 
spars, usually in association with minor 
amounts of other minerals. Large quantities 
of nepheline syenite, after processing to 
remove contaminants, especially iron- 
bearing minerals, were consumed in mak- 
ing glass and ceramics. There was no do- 
mestic production of nepheline syenite in 
grades suitable for these purposes, and U.S. 
needs were wholly supplied by imports. 

In Canada, Indusmin Ltd. and Interna- 
tional Minerals & Chemical Corp. (Canada) 
Ltd. continued to mine nepheline syenite 
from the deposit at Blue Mountain, Ontario. 


Norway and the U.S.S.R. were the only 
other known producing countries of signifi- 
cant quantities of nepheline syenite. In the 
U.S.S.R., nepheline concentrates from the 
Siberian Kija Shaltyrsk deposit, and as a 
byproduct from apatite mining in the Kola 
Peninsula, were used in the production of 
alumina, portland cement, and alkali car- 
bonates. There was some use of nepheline 
concentrates in ceramics and colored con- 
tainer glass. 10 

The price for Canadian nepheline syenite, 
glass grade, bulk, 30 mesh, carlots or truck- 
lots, was $20 to $28 per ton, depending on 
iron content, according to Industrial Miner- 
als (London), December 1984. 


Table 11.—U.S. imports for consumption of nepheline syenite 


Year 


Crude Ground 
Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) 
3 316 $16 455,280 $13,735 
oe gee 212 13 407,139 13,984 
EE 410 17 377,535 14,201 


Source: Bureau of the Census. 


APLITE 


Aplite is another rock of granitic texture 
containing quartz mixed with varying pro- 
portions of soda or lime-soda feldspar. Ap- 
lite, usually unsuitable for use in ceramics, 
has been used in the manufacture of glass, 
especially container glass, when sufficiently 
low in iron. Japan, with an annual produc- 
tion of approximately 400,000 tons, has been 
the world’s foremost producer of aplite. 

Aplite of glassmaking quality was pro- 
duced in the United States from one surface 
mine. The Feldspar Corp. mined aplite near 
Montpelier, Hanover County, VA, and 
treated the material by wet-grinding, classi- 
fication, and spiraling to remove biotite, 
ilmenite, and rutile, followed by dewatering 
and high-intensity magnetic separation to 
eliminate iron-bearing minerals. 

Domestic output was approximately the 
same as in 1983. The data are company 
proprietary and cannot be released for pub- 
lication. Aplite traditionally has a some- 


what lower price than feldspar. Industrial 
Minerals (London), December 1984, gave a 
value of $25.75 per ton for glass grade, bulk, 
100% plus 200 mesh, f.o.b. Montpelier, VA. 


1Physical scientist, Division of Industrial Minerals. 

2Ceramic Industry. Industry News. V. 123, No. 6, Nov. 
1984, p. 9. 

Chemical Week. It's an Open Road for Glass Fiber 
Reinforced Plastics. V. 135, No. 20, Nov. 14, 1985, pp. 11-12. 

Robbins, J. Ceramic Whiteware—An Overview of Raw 
Materials Supply. Ind. Miner. (London), No. 204, Sept. 
1984, pp. 55, 59. 

SBuchanan, R. M. Anorthosite in Canada. us in Ihe 
Geology of Industrial Minerals in Canada, 
Guillet and W. Martin. Can. Inst. Min. and Metal. S Spec. 
v. 29, 1984, pp. 301-306. 

eIndustrial Minerals (London). Company News & Miner- 
al Notes. No. 198, Mar. 1984, p. 71. 

7———. United Kingdom Industrial Mineral Statistics. 
No. 199, Apr. 1984, p. 71. 

8. —— . Company News & Mineral Notes. No. 196, Jan. 
1984, p. 71. 

®K ephart, W. W., and F. J. DeNapoli. Raw Materials 
Specifications to Tighten in the Glass Container Industry. 
Glass Ind., v. 65, No. 12, Dec. 1984, pp. 13-14. 

10 Ash, D. R. Nepheline Syenite. Min. Eng., v. 36, No. 5, 
May 1984, p. 925. 
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Ferroalloys 


By Raymond E. Brown: 


World demand for ferroalloys in 1984 
continued to improve, owing to a moderate 
recovery by the world iron and steel indus- 
try, the. major consumer of ferroalloys. Con- 
sequently, prices for most ferroalloys began 
to firm. Overcapacity and oversupply con- 
tinued to be the major problems of world 
ferroalloy producers. However, the United 
States and Japan have begun aggressive 
programs to restructure their ferroalloy 
industry by cutting back capacity to bring it 
in line with the realities of the marketplace. 
Spain completed restructuring its ferroalloy 
industry in late 1984, resulting in an overall 
capacity reduction of 50%. U.S. ferroalloy 
producers continued to find it difficult to 
compete in the world market, a situation 
that was exacerbated by the high value of 
the U.S. dollar in relation to other foreign 
currencies. 

Domestic Data Coverage.—Domestic pro- 
duction data for ferroalloys are developed 
by the Bureau of Mines by means of month- 
ly and annual voluntary domestic surveys. 
Typical of these surveys are the three sepa- 
rate monthly surveys for chromium alloys 
and metal, manganese alloys and metal, 
and silicon alloys and metal, and the annual 
survey for ferroalloys. Of the 52 operations 
to which a survey was sent, 45 responded, 
representing an estimated 90% of the total 
production and/or shipments shown in ta- 
ble 2. Production and shipments fcr the 
remaining seven nonrespondents were esti- 
mated using reported prior year production 
and shipment levels adjusted by trends in 
employment and other guidelines. 

Legislation and Government Pro- 
grams.—Several significant Government 
actions relative to ferroalloys occurred. 
Late in 1984, for the second consecutive 
year, the General Services Administration 
(GSA) awarded contracts to Macalloy Inc., 
Charleston, SC, and Elkem Metals Co., 
Pittsburgh, PA, for upgrading chromium 


ore and manganese ore, respectively, in the 
National Defense Stockpile to the ferroalloy 
form. Macalloy's $26 million contract called 
for converting 141,601 short tons of chromi- 
um ore into about 57,000 tons of high- 
carbon ferrochromium (H-C FeCr), and El- 
kem's $18 million contract called for con- 
verting 80,089 tons of manganese ore into 
about 40,000 tons of high-carbon ferroman- 
ganese (H-C FeMn) in 1985. The contracts 
also included an option for the third year of 
the National Defense Stockpile 10-year up- 
grading program. The GSA contract is criti- 
cal to Macalloys chapter 11 bankruptcy 
plan. In 1984, the first year of the upgrading 
program, Macalloy's $238 million contract 
involved converting 121,753 tons of chromi- 
um ore into about 49,000 tons of H-C FeCr, 
and Elkem's $10 million contract involved 
converting 48,476 tons of manganese ore 
into about 24,000 tons of H-C FeMn. GSA 
also announced that it would purchase 1,000 
tons of electrolytic chromium metal for the 
National Defense Stockpile. Defense con- 
tractors are now required to buy high- 
carbon ferrochromium only from U.S. pro- 
ducers under a new Government procure- 
ment policy implemented on February 25. 
The U.S. Department of Commerce pub- 
lished the final results of its administrative 
review under the Tariff Act of 1930, of the 
countervailing duty order on ferroalloys 
imported into the United States from Spain 
during 1982. Commerce instructed the U.S. 
Customs Service to assess countervailing 
duties on imports of ferrochromium, ferro- 
manganese, ferrosilicon manganese, and 
ferrosilicon. On January 24, 1984, the U.S. 
International Trade Commission (ITC) 
found that imports of Soviet origin 50% 
ferrosilicon during the second half of 1983, 
did not significantly harm the domestic 
ferroalloy industry. The ITC had been re- 
quested by the U.S. Trade Representative to 
conduct an investigation under section 406 
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of the Trade Act of 1974 to determine 
whether the Soviet ferrosilicon imports had 
caused market disruptions. Commerce re- 
leased a statement on May 10, announcing 
that the President had determined that 
imports of ferroalloys do not threaten the 
national security. 

The Ferroalloys Association petitioned 
the Government in August 1981 for import 
relief under the National Security Clause 
(Sec. 232) of the Trade Act of 1962. Addition- 
ally, higher U.S. import duties for seven 
ferroalloy classes were deleted from the 
Omnibus Trade Bill on October 5, 1984, by 
House-Senate conferees. An amendment 
(No. 4291) to the Senate version of the bill 
(S. 3398) that would have imposed a mini- 
mum “fair price" or "breakpoint" was 
struck out. 

The U.S. Department of Defense (DOD) 
plans to use some 1985 Defense Production 
Act title III funds to support the domestic 
production capability of high-purity silicon. 
DOD presently purchases high-purity sili- 
con from a West German producer. There is 
reportedly no domestic capacity for produc- 
ing high-purity silicon for military applica- 
tions. The decision reflects a new approach 
by DOD on use of title III funds. In its first 
allocation of such funding since the 1950's, 
DOD is also planning to guarantee purchase 
levels of several other materials and prod- 
ucts considered critical to domestic defense, 
rather than follow its previous policy of 
creating domestic capacity through direct 
investments in industries. 

The National Research Council, National 
Materials Advisory Board, released a study 
of 44 nonfuel materials in the National 
Defense Stockpile. Eight materials, includ- 
ing chromium and low-carbon ferrochro- 
mium, were found to be in need of immedi- 
ate quality assessment because of their 


MINERALS YEARBOOK, 1984 


critical role in the national defense. The 
study recommends that a detailed analysis 
of the entire stockpile should focus on the 
likelihood of deterioration or contamina- 
tion, technological changes in specifica- 
tions, deficiency in analyses, quality data, 
end-use tests, inability to expeditiously use 
the material in an emergency, and the costs 
involved.? 

The U.S. Office of Technology Assessment 
(OTA) released a study that called for a 
concerted effort to reduce U.S. dependence 
on the Republic of South Africa and the 
U.S.S.R. for critical and strategic metals. 
The OTA study concentrated on U.S. de- 
pendency on imports of chromium, cobalt, 
manganese, and platinum-group metals. 
OTA recommended five areas for Govern- 
ment action.? | 


Table 1.—Government inventory of 
ferroalloys, December 31, 1984 


(Thousand short tons) 
All pile tock Total 
oy pile : 0 
pile 
grade grade 
Ferrochromium: 
High- carboenn ~~ 1402 1 403 
Low- carbon 300 19 319 
Ferrochromium- silicon 57 1 58 
Ferrocolumbium 
(contained columbium) _ — 3 2 5 
Ferromanganese 
igh carbon 2624 — 624 
Medium carbon 29 "M 29 
Ferrotungsten 
(contained tungsten). _ _ _ _ A 6 1 
Silicomangan ee 24 ites 24 


1This figure does not reflect the estimated 49,000 tons of 
high-carbon ferrochromium produced under the National 
or Stockpile chromium ore conversion program in 


This figure includes the estimated 24,000 tons of high- 
carbon ferromanganese produced under the National 
9 75 Stockpile manganese ore conversion program in 


DOMESTIC PRODUCTION 


Domestic production of ferroalloys was up 
by about one-half overall from that of 1983. 
Producers of the bulk ferroalloys of chromi- 
um, manganese, and silicon, and their re- 
spective metals operated their plants at an 
average rate of about two-fifths of capacity, 
compared with about three-tenths in 1983. 
Domestic shipments of silicon materials 
rose by about three-tenths, while those of 
chromium materials more than doubled. 
Domestic shipments of manganese materi- 
als were essentially unchanged, compared 
with those of 1983. The overall increase in 
both production and shipments of ferro- 


alloys and their respective metals was 
mainly the result of stronger demand for 
ferroalloys by the iron and steel industries 
and for silicon metal by the secondary 
aluminum and chemical industries. 

Domestic data for production and ship- 
ments of ferroalloys for 1984 shown in 
tables 2 and 9 include an estimated 49,000 
tons of high-carbon ferrochromium and an 
estimated 24,000 tons of high-carbon ferro- 
manganese resulting from the GSA stock- 
pile upgrading program. (See section on 
"Legislation and Government Programs" 
for details.) 


FERROALLOYS 


Since January 1, 1980, Alabama Alloys 
Co. Inc., Autlan Manganese Corp., Chem- 
stone Corp., Chromium Mining & Smelting 
Corp, The Pesses Co, Roane Ltd., and 
Satralloy Inc. permanently closed all 10 of 
their ferroalloy plants, and Union Carbide 
Corp. permanently closed 2 of its plants, 1 
in Sheffield, AL, and the other in Portland, 
OR. These 12 plants employed an estimated 
2,000 workers during peak periods and rep- 
resent a combined loss of domestic annual 
capacity of about 490,000 tons. Additionally, 
Ohio Ferro-Alloys Corp. (OFA) ceased pro- 
duction of ferrosilicon at its Philo, OH, 
plant in September 1984 and silicon metal 
production at its Powhatan Point, OH, 
plant in October. The reasons cited for these 
actions were imports and higher domestic 
energy and labor costs. OFA continued to 
produce silicon metal at its third plant in 
Montgomery, AL. 

Norway's Elkem A/S, one of the world's 
largest ferroalloy producers, raised its par- 
ticipation in Elkem Metals, Pittsburgh, PA, 
from 49% to 67%. The Globe Metallurgical 
Div. of Interlake Inc., a major producer of 
ferroalloys and silicon metal, was sold for 
$37 million to Pickands Mather & Co., a 
subsidiary of Moore McCormack Resources 
Inc. Pickands Mather had been sales agent 
for Globe products for nearly 30 years. 
Effective April 2, Union Carbide’s chromi- 
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um, tungsten, and vanadium businesses in 
Brazil, the Republic of South Africa, and 
the United States came under the manage- 
ment of Umetco Minerals Corp., a new 
wholly owned subsidiary. Additionally, 
Umetco began marketing a new vanadium 
oxide product under the trade name Vanox 
in May. This material was developed at the 
company’s Niagara Falls research facility to 
compete against imported ferrovanadium. 
Vanox is currently being used as an addi- 
tion agent to tool steel. 

The Hanna Mining Co. negotiated with 

the Bonneville Power Administration (BPA) 
to obtain a low power rate through mid- 
1990. Without a longer term power contract 
from BPA, future operations at Hanna’s 
ferronickel plant in Riddle, OR, are uncer- 
tain. 
Estimated ferrous scrap consumption by 
the domestic ferroalloys industry was 
340,000 tons in 1984, compared with 250,000 
tons in 1983 and 230,000 tons in 1982. 

The Ferroalloys Association reported that 
its member companies consumed 5.3 billion 
kilowatt hours of electricity, up from 4.1 
billion in 1983. In addition, its member 
companies employed 4,000 workers and re- 
ported a profit amounting to $1 million 
before taxes, compared with 3,800 workers 
and reported losses amounting to $65 mil- 
lion in 1983. 


Table 2.—Ferroalloys: produced and shipped from furnaces in the United States 


1983 1984 
Net production Net shipments Net production Net shipments 
Alloy Alloy 

Gross element Gross Value Gross element Gross Valüg 

weight con- weight (thou- weight con- weight (thou- 

(short tained (short sanda) (short tained (short árida) 

tons) (average tons) tons) (average tons) 
percent) percent) 

Ferromanganese? _ _ _ _ _ 85,930 81 108,889 $53,757 171.129 77 185,499 °$106,282 

Silicomanganese W 66 63,087 21,211 ($) 66 ($) (4) 

Manganese metall. W 100 W W (4) 100 ($) ($) 

Ferrosilicon ------ "314,112 54 361,028 180,301 490, 370 55 498,067 259, 407 

Silicon metall 121.890 T98 T123,072 T113,475 140.866 98 139,393 171.814 
Chromium alloys: 

Ferrochromium 19,928 65 39,510 34,802 695, 400 62 120,772 £102,101 

Other alloys _——--—- 16,471 39 13,696 18,645 (7) ates (7) (7) 

Total or average 36,399 53 53,206 53,447 95,400 62 120,772 102,101 

Ferrocolumbium W 64 W W W 65 W 9,809 

Ferrophosphorus ....... 14,992 25 62,077 7,010 91,117 24 113, 504 18,123 

„ dauana 142,037 XX 97,671 122,139 99,010 XX 96,683 92,959 

Grand total 1775, 360 XX 1869, 030 T551,240 1, 087, 892 XX 1,153,918 760,495 

"Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” XX Not applicable. 


Does not include alloys consumed in the making of other ferroalloys. 
Includes fused-salt electrolytic Low- and medium- carbon ferromanganese (massive manganese). 


Includes silicomanganese and manganese metal. 


“Included with ferromanganese. 


5Includes miscellaneous silicon alloys. 


Includes ferrochromium-silicon, chromium briquets, exothermic chromium additives, other miscellaneous chromium 


alloys, and chromium metal. 
"Included with ferrochromium. 


5Includes ferroaluminum, ferroboron and other complex boron additive alloys, ferromolybdenum, ferronickel, 
ferrotitanium, ferrotungsten, ferrovanadium, ferrozirconium, silvery iron, and other miscellaneous alloys. 
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Table 3.—Producers of ferroalloys in the United States in 1984 


Producer 


FERROALLOYS 
(EXCEPT FERROPHOSPHORUS) 


Affiliated Metals and Minerals Inc. _ _ _ _ — 
Aluminum Co. of America, Northwest 
Alloys Inc. 
Inc., Climax Molybdenum Co. Div 
Ashland Chemical Co 


Cabot Corp., KBI Div., Penn Rare Metal Div 
Dow Cornin; Corp 
Elkem A/S, 


— a =e a — — ws eee eee — 


Foote Mineral Co., Ferroalloys Div — — — — — — 


Hanna Mining Co., Th 
Hanna Nickel Smelting GSG E 
Silicon rh 

International Minerals & Chemical Corp., 
Industry Group, TAC Alloys Div. 

A. Johnson & Co. Inne 

Kerr-McGee Chemical Cord 


Macalloy Inc 


-o — — me p o A — — — 2 9 — — o 


Moore McCormack Resources Inc., Globe 
Metallurgical Inc. 
Ohio Ferro-Alloys Cord 


Reading Al 8 Oe ee ee 


SKW Alloys Ine 

Teledyne Inc., Teledyne Wah Chang, 
Albany Div. 

Union Carbide Corp., Metals Div 

Union Oil Co. of California, Molycorp Inc .. — 


FERROPHOSPHORUS 


FMC Corp., Industrial Chemical Div _ _ _ _ _ 
Monsanto Co., Monsanto Industrial 
Chemicals Co. 
Occidental Petroleum Corp., Hooker Chemi- 
cal Co., Industrial Chemicals Group. 
Stauffer Chemical Co., 
Industrial Chemical Div. 


Plant location 


New Castle, PA 


Addy, WA 


Langeloth, PA 


Columbus, 


Severo Ed 


Marietta, OH ...- 


Lionville, PA 


Newfield, NJ AMOR 
Beverly, OHM } 
Se 


lma, AL 


Montgomery, AL 
Philo, OH 


Powhatan Point, OH 
Sahuarita, AZ 

West Pittsburg, PA 
Robesonia, PA 
Sheffield, AL 
Kingw 


Calvert City, KY _ 


Niagara Falls, NY 


Albany, OR 


— am s a we 


Marietta, B 


Niagara Falls, NY 
Was n, PA 


Columbia, IN 


Columbia, N PEN 


Mount Pleasant, TN 
Silver Bow, MT 


Tarpon Springs, FL 


) 


) 


] 
| 


Products! 


FeW, Ni iCb. 
eCb 


Cr, FeB, FeCr, FeMn, 
FeSi, Mn, Si, SiMn, 
other.? 


FeSi, FeV, Mn, silvery 
pig iron, other? 


FeS 
FeSi, omar 3 


FeCr 
Cr, FeAl, FeB, FeCb, 
FeTi, FeV, other.? 


FeCr, FeSi, Si, SiMn. . 


;FOV ( 


FeSi, M 
FeCb 


— ee — — — — — — — — — 


FeV, Fe W, other? ___ 
FeB, FeMo 


Type of furnace 


Metallothermic. 
Electric. 


Metallothermic. 

Electric and 
metallothermic. 

Metallothermic. 

Electric. 

Electric and 
electrolytic. 


Do. 


Electric. 


Electrolytic. 


Electric. 
Metallothermic. 


Electric. 


Do. 


Metallothermic. 
Electric. 


Metallothermic. 

Electric. 

Electric and 
metallothermic. 


Electric. 


8 8 8 


1 Cr, chromium metal; FeAl, ferroaluminum; FeB, ferroboron; FeCb, ferrocolumbium; FeCr, ferrochromium; FeCrSi, 
ferrochromium-silicon; FeMn, ‘ferromanganese; FeMo, ferromolybdenum; FeNi, ferronickel; FeP, ferrophosphorus; FeSi, 
ferrosilicon; FeTi, ferrotitanium; FeV, ferrovanadium; FeW, ferrotungsten; FeZr, ferrozirconium; Mn, manganese metal; 


Si, silicon metal; SiMn, silicomanganese. 


Ancludes specialty silicon alloys, zirconium alloys, and miscellaneous ferroalloys. 


CONSUMPTION AND USES 


Overall consumption of ferroalloys and 
their respective metals was substantially 
higher than in 1983, owing to an increase in 
production in the steel, ferrous foundry, and 
the aluminum and chemical industries. In- 
creases in consumption corresponded to in- 
creased demand in major markets for fer- 


roalloys. The steel industry and ferrous 
foundries, the major consumers of ferroal- 
loys, experienced production increases of 
about one-tenth and one-sixth, respectively. 
The aluminum and chemical industries, the 
major consumers of silicon metal, also show- 
ed moderate production increases. 
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Of the bulk ferroalloys, demand for chro- 
mium ferroalloys increased by a greater 
percentage than that for manganese fer- 
roalloys or silicon ferroalloys. Imports of 
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down slightly from 56% in 1983. High- 
carbon ferrochromium and high-carbon fer- 
romanganese produced under the National 
Defense Stockpile upgrading program were 


bulk ferroalloys and their respective metals included in U.S. demand calculations. 


represented 55% of the domestic market, 


Table 4.—U.S. consumption of ferroalloys as additives in 1984, by end use! 
(Short tons of alloys unless otherwise specified) 


End use FeMn SiMn FeSi FeTi FeP FeB 

Steel: 
Carbon. 6c Dai du cercle cte 386,250 71,654 275,298 659 9,924 274 
Stainless and heat-resis ting 14,584 4,683 351,609 1,851 (è) 28 
Other allo⸗h)7ꝶgh e *79,049 219,939 339,412 677 1,627 247 
)))! TUUS 377 (°) 2,535 (3) 1 ae 
Unspecified — - - - - - - - -- - -- - ----—-——— 711 660 35,841 6 20 e 
M ͥ AA 480,971 96,936 210,695 3,193 11,571 549 
Cast FONI — — . ue e *13,750 8,864 217,512 62 2,108 W 
Superalloys - - - - - - - -- -- ---------—-——— 426 25 311 622 . W 
Alloys (excluding alloy steels and superalloys) _ .. . 19,723 W 45,526 418 87 81 
Miscellaneous and unspecified |... 5,187 2,029 86,430 12 2,051 406 
Total consumption 520,057 102,854 560,474 4,362 15,817 1,036 
Percent of 1983 ~- --------------—- 112 123 123 125 102 208 


W Withheld to avoid disclosing company proprietary data; included with Miscellaneous and unspecified.” 

1FeMn, ferromanganese including spiegeleisen and ese metal; SiMn, silicomanganese; FeSi, ferrosilicon 
including silicon metal, silvery pig iron, and inoculant alloys; FeTi, ferrotitanium; FeP, ferrophosphorus; FeB, ferroboron 
including other boron materials. 

Part included with “Steel: Unspecified.” 

*Included with Steel: Unspecified.” 

“Part included with “Miscellaneous and unspecified.” 


Table 5.—U.S. consumption of ferroalloys as alloying elements in 1984, by end use’ 
(Short tons of contained elements unless otherwise specified) 


End use FeCr FeMo FeW FeV FeCb FeNi 

Steel: 
P a i i EA 35,549 50 s 683 732 x 
Stainless and heat-resisting . cs 177,328 281 53 20 475 16,183 
Other alloy coe 329,365 683 42 2,452 847 1,189 
J V eee 22,940 285 195 610 (*) (9 
Unspecified __._.________________-_--___ (S) (5) aes 10 14 Z 
NS i aes tse ee 215,182 1,299 290 3,775 2,068 17,372 
Cast irons oe ne 33,125 604 m 18 "m 126 
jai q ML Di V 8 8,585 78 W 8 620 64 
oys (excluding alloy steels and superalloys) - - ----—— 22,621 156 W 24 10 855 
i eous and unspecified. - — - - - - - ---------—- 1,846 44 19 1 2 2 
Total consumption --—-—---------------——- 231,959 2,181 309 3,826 2,700 18,419 


—— E T E 101 128 264 140 125 118 


W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and unspecified.” 

1FeCr, ferrochromium including other chromium ferroalloys and chromium metal; FeMo, ferromolybdenum including 
calcium molybdate; FeW, 1 FeV, ferrovanadium including other vanadium-carbon- iron ferroalloys; FeCb, 
ferrocolumbium including nickel columbium; FeNi, ferronickel. 

*Part included with “Miscellaneous and unspecified.” 

*Included with “Steel: Unspecified.” 

“Included with “Steel: Other alloy.“ 

Included with Miscellaneous and unspecified." 
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Table 6.—Stocks of ferroalloys held by producers and consumers 
in the United States at yearend 
(Short tons) 
Producer Consumer Total 
AME E OO Au E 
(gross 

weight) weight) weight) weight) weight) weight) 
Manganese ferroalloys! |... ...- 261,143 30, 806 157,350 145,442 218,493 176,248 
Silicon allo: 19,934 91,110 28,053 27,261 107,987 118,971 
Ferrochromium 33,293 19,414 26,670 26,302 59,963 45,116 
Ferroboron® __--------------—- 183 114 208 197 386 811 
Ferrophosphorus --------------- 168,263 141,212 1,468 1,720 169,781 142,932 
Ferrotitanium . 22222222222 W W 431 548 431 548 
Total = oe Sets Sete 342,816 282,656 214,175 201,470 556,991 484,126 

1983 1984 1983 1984 1983 1984 

(con- (con- (con- (con- (con- (con- 
element) element) element) element) element) element) 
Ferrocolumbium® _______________ W W W W 399 416 
Ferromolybdenum" _____________~— 71,310 1.226 285 361 T1,595 1,587 
Ferronickel _______~_________-_~ W W 756 692 756 692 
errotungs ten W W 35 41 85 41 
Ferrovanadium* . 1,345 946 313 834 1,658 1,280 
1 oe eee ee cue OE 12 655 2,172 1,389 1,428 14,443 4,076 

"Revised. W Withheld to avoid disclosing company proprietary data. 


‘Includes ferromanganese, silicomanganese, and manganese metal. 


Part being withheld. 


Includes ferrosilicon, miscellaneous silicon alloys, and silicon metal. 


“Includes other chromium alloys and chromium metal. 
5Consumer totals include other boron materials. 
Consumer totals include nickel columbium. 
7Consumer totals include calcium molybdate. 
®Includes other vanadium-iron-carbon ferroalloys. 


PRICES 


Posted prices for most ferroalloys contin- 
ued to firm because of stronger demand by 
major consuming industries; for example, 
the average posted price of imported bulk 
ferroalloys increased, compared with those 
of 1988, by 10% to $0.44 per pound of chro- 
mium for 60% to 65% high-carbon ferro- 
chromium, by 2% to $325.33 per long ton of 
alloy for high-carbon ferromanganese, by 
4% to $0.34 per pound of manganese for 
medium-carbon ferromanganese, by 12% to 
$0.19 per pound of alloy for silicomanga- 
nese, by 15% to $0.41 per pound of silicon 
for 75% ferrosilicon, and by 1896 to $0.60 
per pound of silicon for silicon metal con- 
taining 1% iron. Average listed prices for 
comparable domestically produced materi- 
als were higher than imports by 5%, 51%, 
21%, 17%, T%, and 5%, respectively. 

Although demand for ferrocolumbium 
improved owing to increased production of 
high-strength, low-alloy steels, the average 
price of regular-grade ferrocolumbium was 


lowered by 5% to $5.72 per pound of colum- 
bium. It was reported that this action was 
taken by major suppliers of ferrocolumbium 
to stimulate long-term growth for the mate- 
rial. Average prices for other specialty fer- 
roalloys that compete directly with ferroco- 
lumbium as microalloying additives in the 
production of high-strength, low-alloy steels 
also were lowered. For instance, dealer 
export ferromolybdenum was reduced by 
4% to $4.26 per pound of molybdenum and 
that of domestically produced ferrovana- 
dium was reduced by 8% to $6.48 per pound 
of vanadium. 

Domestic producers of ferroalloys contin- 
ued their policy of discounting aggressively 
to compete with low-priced imports. For 
example, posted prices of domestically pro- 
duced ferronickel remained unchanged at 
$3.16 per pound of nickel, but actual trans- 
action prices were reportedly close to $2.15 
per pound. Prices for selected ferroalloys 
are shown in the following tabulation: 
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Yearend price! 
Alloy price 
1983 1984 
Charge chromium (66% to 70%) 680.42 $0.54 
Low-carbon ferrochromium, 0.02% 
maximum carbon (Simplex) .. . — 1.00 1.00 
Standard 78% ferromanganese, 
per long ton of alloy: 490.00 490.00 
Ferromolybdenum, dealer export 4.45 3.55 
Ferronickel. . 3.16 3.16 
Ferrosilicon, 50% ___________ .4300 .4500 
Ferrosilicon, 75% ~_________~_ .4300 .4700 


lPer 


und contained, except as noted otherwise. If 


range of prices was quoted, the lowest price is shown. 


FOREIGN TRADE 


The trade deficit for ferroalloys increased 
from $361 million in 1983 to $470 million in 
1984. However, a surplus of $14 million for 
ferroalloy metals in 1983 increased to $35 
million in 1984. 

The quantity, on a gross weight basis, and 
value of exported ferroalloys and ferroalloy 
metals increased 77% to 134,000 tons and 
64% to $165 million, respectively. The quan- 
tity and value of exported ferroalloys and 
ferroalloy metals were 11% and 27% of the 
quantity and value of imports, respectively, 
compared with 7% and 22%, respectively, 
in 1988. 

Total imports for consumption of ferroal- 
loys and ferroalloy metals increased 21% in 
quantity to about 1.2 million tons and 3496 
in value to $601 million, compared with 
those of 1983. Of the imported bulk ferroal- 
loys, the quantity of chromium ferroalloys 
and manganese ferroalloys increased by 
54% and 14%, respectively, while that of 
silicon ferroalloys declined by 10%. Imports 
of silicon metal were also down by about 
1096, but imports of both manganese and 
chromium metal increased, manganese by a 
greater percentage than chromium. Ferro- 
nickel imports declined by 5%, but overall 
imports of all other ferroalloys were up by 
55%. Ferroalloy and ferroalloy metal im- 
ports were equal to 73% of reported con- 
sumption, up from 69% in 1983. 

The strong U.S. dollar, relative to other 
foreign currencies, and the availability of 
low-priced imports continued to be a major 
problem confronting domestic ferroalloy 


producers' efforts to achieve profitability. 

Imports of ferroalloys and ferroalloy met- 
als to the United States were supplied by 40 
countries. The geographic sources were Af- 
rica, 40%; Europe, 31%; Western Hemi- 
sphere, 21%; Middle East, 4%; Oceania, 3%; 
and Asia, 2%. The four principal suppliers 
were the Republic of South Africa (36%), 
France (11%), Brazil (9%), and Norway 
(7%). Combined imports of chromium fer- 
roalloys from the Republic of South Africa 
and Zimbabwe amounted to 73% of total 
chromium ferroalloys, the same as that of 
1983. Major sources for imported manga- 
nese ferroalloys were the Republic of South 
Africa (29%), France (23%), Brazil (10%), 
Mexico (10%), and Norway (9%). The lead- 
ing suppliers of ferrosilicon were Brazil 
(24%), Norway (20%), Venezuela (18%), 
Canada (11%), and the U.S.S.R. (8%). The 
principal sources of ferronickel imports 
were the Dominican Republic (46%), New 
Caledonia (26%), Colombia (16%), Japan 
(8%), and Brazil (396). The main suppliers of 
all other ferroalloys were Brazil (41%), 
Canada (18%), and France (12%). Major 
suppliers of ferroalloy metal imports were 
the United Kingdom, Japan, China, and 
France, with 41%, 31%, 16%, and 9%, 
respectively, of the chromium metal; the 
Republic of South Africa with close to 100% 
of the manganese metal; and Canada, 
France, Yugoslavia, and Brazil with 34%, 
17%, 14%, and 11%, respectively, of the 
silicon metal. 


960 MINERALS YEARBOOK, 1984 
Table 7.—U.S. exports of ferroalloys and ferroalloy metals 
1982 1983 1984 
All Quantity Value Quantity Value Quantity Value 
id (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Ferroalloys: 
Ferrocerium and alloys... 21 $264 41 $372 29 $304 
Ferrochromium and ferrochromium- 
silicon- ---------------——- 4,943 5,081 4,247 4,822 15,388 10,54 
Ferromangan ese 10,311 7,517 8,433 5,765 6,764 4, 397 
Silico CVT 2,952 532 6,426 1,746 5,383 2.287 
Ferromolybdenum enn 128 615 85 687 325 1,567 
Ferrophosphoruis ~~~ 4,031 1,402 26,933 3,716 39,603 5,279 
Ferrosilicon ________________ 14,932 11,996 13,338 10,712 29,364 21,185 
Ferrovanadium ______________ 326 3,436 775 6,144 469 5,20 
Ferroalloys, n.e.c ------------- 4,980 8,481 5,775 7,965 27,485 16,158 
Total ferroalloys! _________- 42,630 40,388 66,053 41,929 124,761 66,875 
Metals: 
CCC 2,948 3,861 6,391 8,531 4,082 5,915 
Sö§Üà— ⅛ Üꝛòôẽ A 2,411 335 2,767 47, 826 4,420 543 
Chromium _______________-__ 213 2,685 238 2,555 259 3,621 
Total ferroalloy metals 5,572 40,881 9,396 58,912 8,761 98,084 
Grand total! 48,202 81,269 15,449 100,841 133,522 164,959 


1Data may not add to totals shown because of independent rounding. 


Table 8.—U.S. imports for consumption of ferroalloys and ferroalloy metals 


Alloy 


Manganese alloys: 

Ferromanganese containing 1% or less carbon 

Ferromanganese containing more than 196 to 
4% carboůonnnôwôœ) ccc L2 cl 

Ferromanganese containing more than 4% 
GAPDOD o s v oec EI CLEA 

Ferrosilicon-manganese _ _ _ - - --------—-—- 

Spiegeleisensnss 


Total manganese alloy sss 


Ferrosilicon: 
8% to 30% silicon. nn 
30% to 60% silicon, over 2% magnesium 
30% to 60% silicon, nee 
60% to 80% silicon, over 3% calcium 
60% to 80% silicon, n. ease 
80% to 90% siliſo nnn 
Over 90% siliton‚nnnn -— 


Chromium alloys: 
Ferrochromium containing 396 or more carbon 
Ferrochromium containing less than 8% 


Total chromium alloys... _ 
Ferronicke“inn7nunßũn !! 


Other ferroalloys: 
Ferrocerium and other cerium alloys _ _ —_ _ 
Ferromolybdenum em 
Ferrophosphorus ______________-__~- 
Ferrotitanium and ferrosilicon- titanium 
Ferrotungsten and ferrosilicon-tungsten 
Ferrovanadium _____~_~_~~~____~______ 
Ferrozirconium — — —- - - LLL 22 c2 


See footnotes at end of table. 


1983 1984 
Gross Co Gross 

tent Value Content Value 
Te (short (thou- py (short (thou- 

toria) tons) sands) tons) tons) san 
6,967 5,957 $5,410 5,020 4,431 $4,554 
29,442 23,135 13,952 53,509 43,419 25,614 
305,199 236,668 73,721 350,781 273,849 87,450 
139,657 191,992 40,117 138,494 191,339 44, 746 
157 3) 91 220 (3) 73 
481,421 358,352 133,290 548,023 413,039 162,496 
6 11 46 7 13 
13,575 6,312 8,308 10,912 5,030 7,252 
84,108 16,449 9,261 31,607 15,668 . 12,879 
5,671 3,658 5,094 6,798 4,300 6,206 
106,041 79,512 44,752 93,125 70,005 45,829 
15 ,063 923 619 
oe — NON 100 94 76 
159,443 106,012 67,445 143,651 96,027 12,874 
263,546 151,285 93,738 400,676 225,488 160,054 
16,757 11,713 15,274 25,132 17,236 23,397 
1,438 579 670 7,942 3,082 3,736 
281,741 163,577 109, 682 433,750 245,756 187,187 
45,134 ,696 65,264 43,048 15,847 68,429 
115 3) 1,185 152 3 1,651 

579 399 3,189 1,043 772 4, 
6 2 10 - IN EM 
893 0 1.288 579 2 861 
66 53 604 393 315 3,420 
847 681 6,259 1,450 1,170 11,839 
551 (3) 696 759 (3) 932 
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Table 8.—U.S. imports for consumption of ferroalloys and ferroalloy metals —Continued 
1983 1984 
Gross Gross | 
A Content Value : Content Value 
ay po (short (thou- m (short (thou 
tons) tons) sands) tons) tons) sands) 
Other ferroalloys —Continued 
Ferroalloys, n.e.c.4 “““ 2,318 (7) $14,400 3,949 222,876 
Total other ferroalloys ss 5,875 XX 21,631 8,325 XX 46,017 
Total ferroalloy n - - -- -------- 973,114 XX 403,312 1,176,797 XX 537,008 
Metals: 
AneBe __—---—----------------- 5,950 (3) 5,323 13,314 (?) 12,978 
Silicon (96% to 99% silicon): 1,535 Q 6,665 6,753 3) 7,113 
Silicon (99% to 99.7% silicon 19,953 19,418 19,699 7,588 17,408 19,361 
MUM secese d e eui 8,092 (3) 13,687 4,677 3) 24,073 
Total ferroalloy metals ~~ 36,530 XX 45,374 42,331 XX 63,526 
Grand totasadʒdʒn 1,009,644 XX 448, 686 1,219,129 XX 600,529 
XX Not applicable. 
: ese content only. 
2Not recorded. 


3Data may not add to totals shown because of independent rounding. 


*Principally ferrocolumbium. 


WORLD REVIEW 


World demand for ferroalloys increased 
moderately compared with those levels of 
1988, owing to increased production by 
world steel producers, the major consumers 
of ferroalloys. Overcapacity and oversupply 
continued to be the principal problems fac- 
ing the world ferroalloy industry. A major 
gain in ferrosilicon capacity in Brazil was 
offset by reductions in the United States 
and Japan. Other countries that have re- 
cently installed new ferroalloy capacity or 
plan to do so are Egypt, Finland, Greece, 
Iceland, India, the Philippines, the Republic 
of South Africa, Sweden, and Turkey. The 
world ferroalloy industry is closely tied to 
the fortunes of the steel industry, which is 
still a long way from full recovery following 
the recent, severe recession. 

The European Economic Community 
(EEO) rejected attempts by a group of high- 
carbon ferromanganese producers, Euro- 
mang, to set up a cartel to restrict supplies 
to European consumers. Euromang mem- 
bers reportedly included all EEC high- 
carbon ferromanganese producers, Elkem 
A/S, Norway; Eurominas Electro Metalur- 
gia S.A.R.L., Portugal; and South African 
Manganese Amcor Ltd. (Samancor) The 
EEC ruled that the cartel was unacceptable 
under article 65 of the Treaty of Paris. In 
November, the EEC increased its duty-free 
community tariff import quotas for two 
grades of ferrochromium. Quotas for mate- 
rial containing 496 or more carbon were 
increased by 926 tons for France and 1,279 


tons for the United Kingdom. Quotas for 
material containing 6% or more carbon 
were raised by 973 tons for both Belgium- 
Luxembourg and the Federal Republic of 
Germany, and 18,372 tons for both France 
and Italy. The EEC initiated an investiga- 
tion of silicon carbide dumping in response 
to a complaint filed by the European Coun- 
cil of Chemical Manufacturers' Federations 
(Cefic). The countries involved are China, 
Czechoslovakia, Norway, Poland, Spain, the 
U.S.S.R., and Yugoslavia. Cefic claims that 
these exporters have taken 41% of the 
EEC's $100 million market. In August, the 
EEC called on Community producers of 
high-carbon ferromanganese to submit 
plans for cutting total EEC capacity by 
20%. Demand for ferromanganese has been 
steadily declining owing to worldwide re- 
duction in steelmaking and improved steel 
production techniques. The EEC also sought 
restriction of ferromanganese imports from 
Norway, Portugal, and the Republic of 
South Africa to prevent these countries 
from taking advantage of European capaci- 
ty cutbacks by increasing exports into the 
EEC. These countries account for 25% of 
the total EEC market. 

In 1984, many developing countries were 
able to arrange restructure of their large 
debts by adhering to the International Mon- 
etary Fund’s (IMF) stringent program of 
strict monetary policy, curtailed Govern- 
ment spending, and fewer imports. Howev- 
er, these countries have not yet begun to 
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reduce their debts. The largest debtor coun- 


tries, such as Brazil and Mexico, made 
substantial economic progress, achieving 
large trade surpluses. Debtor countries and 
their lending institutions began to work out 
realistic long-term schedules for repaying 
huge loans. Argentina, which initially had 
objected strenuously to strict IMF condi- 
tions in connection with its debt-restruc- 
turing, eventually accepted the IMF's aus- 
terity program. 

Australia.—Tasmanian Electro Metallur- 
gical Co. Pty. Ltd., a wholly owned subsid- 
iary of The Broken Hill Pty. Co. Ltd. (BHP), 
planned to increase capacity at its Bell Bay, 
Tasmania, manganese alloy plant by 40% to 
about 210,000 tons over a 3-year period. The 
company produces ferromanganese, silico- 
manganese, and ferrosilicon. Most of this 
additional production will be exported. Feed 
ore for the Bell Bay plant will continue to 
be supplied from BHP's manganese mine at 
Groote Eylandt in Australia's Northern 
Territory.“ BHP was reportedly considering 
constructing a ferroalloy plant in China. 
The project would be a joint venture with 
the Chinese metals industry. 

Brazil.—Alcan Alumínio do Brasil S.A., a 
subsidiary of Alcan Alumínio da America 
Latina Ltda., held talks with parties con- 
cerned with the sale of its ferroalloy plant 
in the State of Minas Gerais. Alcan put the 
plant up for sale in order to raise funds to 
cover the cost of expanding its aluminum 
facility. Also, Alcan's special power contract 
with the Brazilian Government was due to 
expire, and the new power rates were ex- 
pected to increase. The plant consists of two 
ferrosilicon furnaces with a total transform- 
er capacity of 21,300 kilovolt amperes 
(kVeA) and six silicomanganese furnaces 
with a total transformer capacity of 16,300 
kV°eA. Brazil's state-owned Cia. Vale do Rio 
Doce (CVRD) and Eletrometalur S.A. 
Indústria e Comércio, a major ferroalloy 
producer, formed a new ferrosilicon compa- 
ny, Eletrovale, to transform the Picarro 
iron ore minesite into a ferroalloy plant, 
with a production capacity of about 27,000 
tons per year of 75% ferrosilicon with low 
calcium content. The minesite, which is 
expected to be exhausted in early 1985, was 
chosen for the new facility to take advan- 
tage of existing infrastructure. Ownership 
was divided on a 60% to 40% basis between 
the Brazilian companies and Japan's Kawa- 
saki Steel Corp. and Mitsubishi Metal Corp. 
The plant will either be equipped with two 
Brazilian 15,000-kVeA electric furnaces or 
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one 35,000-kV*eA furnace procured from 
Elkem A/S, Norway, or Mannesmann De- 
mag Hiittentechnik, the Federal Republic 
of Germany. About 40% of the annual 
production is expected to go to the Japanese 
steel producers. Italmagnésio S.A. Indũs- 
tria e Comércio brought a new 24,000-kV «A 
furnace on-line in November at its Bragan- 
ca plant in Minas Gerais for production of 
ferrosilicon or silicon metal. The furnace is 
reportedly capable of producing 13,000 tons 
of silicon metal per year. The company also 
planned to install three additional furnaces 
by the end of 1986, which would produce 
ferrosilicon or silicon metal. 

Italmagnésio reached a basic long-range 
agreement with C. Itoh & Co. Ltd. to act as 
its Japanese sales agent. In return, C. Itoh 
is to make available a large amount of funds 
to Italmagnésio. Cia. de Ferroligas Minas 
Gerais brought a second ferrosilicon fur- 
nace, with a capacity of 1,100 tons per 
month, on-stream at its plant in Pirapora 
early in the year. The company planned to 
bring another furnace on-line in Octo- 
ber.* 

Cia. de Ferro-Ligas da Bahia S.A. (Ferba- 
sa) planned to expand its ferrochromium 
facility by about 60% by the first half of 
1986. The expansion was necessary to en- 
able the company to keep up with increased 
domestic demand. The increase in consump- 
tion forced the plant to restrict exports, 
with a consequent loss of currency. The 
plant can produce 13,000 tons per year of 
ferrochromium. Japan is the main buyer of 
Ferbasa's ferrochromium, with the United 
States the next largest purchaser." Empresa 
de Desenvolvimento de Recursos Minerais 
S.A., which commissioned a second ferro- 
nickel furnace in August 1983, postponed 
further expansion plans in response to the 
poor current market conditions. Brazil was 
expected to produce about 25% more ferro- 
nickel in 1984, compared with that of 1983. 
CVRD reports that it expects to capture 
one-third of the world consumer market for 
naturally occurring manganese dioxide in 5 
years with production from the Igarapé 
Azul Mine in Carajás. Tests on ore samples 
performed by major dry cell battery manu- 
facturers have proved promising. The ore 
contains about 73% MnO; and has battery 
active properties, thus obviating the need 
for conversion to electrolytic manganese 
dioxide. CVRD has also started production 
of metallurgical manganese on an experi- 
mental scale at the Igarapé Azul Mine.* 

Canada.—Elkem Metals Canada Inc., 
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owned 90% by Elkem A/S and 10% by the 
Jebsen Group of Norway, purchased Union 
Carbide Canada Ltd.'s silicon and manga- 
nese operations in Quebec, effective July 25. 
This acquisition completes the takeover, 
begun in 1981, of Union Carbide's ferroalloy 
operations in North America and Norway. 
The transaction included plants at Beau- 
harnois and Chicoutimi, Quebec. The Beau- 
harnois plant has been idle since May 1982.° 

Colombia.—Cerro Matoso S.A/'s 52 
megavolt-ampere (MV*A) ferronickel fur- 
nace reportedly operated at about 90% of 
capacity since August. However, the facility 
has suffered heavy financial losses the past 
2 years. In October 1984, the Colombian 
Government urged that the contractual re- 
lationship of Econiquel Ltda., the state 
mining company, in Cerro Matoso Should be 
revised. The Colombian Government recent- 
ly was required to pay $10.2 million in debt- 
servicing fees to the International Bank for 
Reconstruction and Development for its 
share of the project. Cerro Matoso began 
producing ferronickel granules. Depending 
on future market demand, up to 100% of 
the facility’s output can be produced in 
granular form. The annual capacity at Cer- 
ro Matoso was rated at 50 million pounds of 
contained nickel. The company plans to 
install a block-type cooling system, supplied 
by Outokumpu Oy of Finland, within the 
furnace in the first half of 1985.10 

Dominican Republic.—Falconbridge Do- 
minicana C. por A.’s ferronickel shipments 
increased 36% to 14 million pounds in the 
third quarter of 1984, compared with those 
for the same period of 1983. However, for 
the first 9 months of 1984, shipments fell by 
1.596, compared with those of 1983. 

France.—The dispute between  state- 
owned Pechiney and Compagnie Miniére de 
l'Ogooue S.A. (COMILOG) concerning the 
ownership of Bozel Electrométallurgie, -a 
ferroalloys producer and a subsidiary of 
Nobel Bozel, was resolved in October with 
COMILOG's decision not to appeal the 
French Commercial Tribunal's award of the 
company to Pechiney. Nobel Bozel had pre- 
viously promised to sell Bozel Electrometal- 
lurgie to COMILOG. COMILOG received a 
commitment from Pechiney for increased 
purchases of manganese ore. COMILOG 
and Samancor will now supply the bulk of 
Pechiney's manganese ore requirement, re- 
ducing the company's dependence on small- 
er sources such as Australia, Brazil, Ghana, 
and Mexico." 


363 


Pechiney confirmed that it would cease 
medium-carbon ferromanganese production 
at its St. Beron plant in 1985. The plant has 
an annual capacity of 39,000 to 44,000 tons 
per year. Pechiney also reduced its share of 
Hidro Nitro Espafiolas S.A. from 49% to 
45% and held discussions with Samancor. 
and COMILOG with respect to these compa- 
nies increasing their respective shares of 
Eurominas. A new Chromium Association 
was established in 1984. The eight founding 
member companies included Samancor, the 
Republic of South Africa; Ferro Alloys Corp. 
Ltd. and Indian Metals and Ferro-Alloys 
Ltd., India; Ferroleghe S.p.A., Italy; Ferro- 
chrome Philippines Inc., the Philippines; 
Ferroaleaciones Españolas S.A. (Fesa), 
Spain; Hellenic Ferroalloy S.A. (HFA), 
Greece; and Axel Johnson Ore and Metals 
AB, Sweden. The organization will serve to 
collect, evaluate, and distribute information 
on chromium; to promote the use of chromi- 
um; and to sponsor research and develop- 
ment for new applications of the metal. The 
new organization will operate under the 
auspices of the Paris-based Manganese 
Centre.“ 

Greece. —HFA, a subsidiary of the state- 
controlled Hellenic Industrial Mining & 
Investment Co. (HIMIC), reviewed the fi- 
nancial feasibility of increasing the annual 
capacity of its Tsingeli ferrochromium plant 
from its current 50, 000 tons to 110, 000 tons. 
HFA could either utilize part of the idle 
facilities at the Société Minière et Métal- 
lurgique de Larymna S.A. (LARCO) plant or 
build another smelting furnace at its 
Tsingeli operation. The first option would 
not require capital investment and the 
plant could be operated according to market 
demands. The second option would require 
substantial capital investment but would 
make it possible to use the company's excess 
Stock of lumpy ore and would also include a 
captive 12-megawatt. (MW) powerplant, 
thereby considerably reducing power costs. 
The additional ferrochromium output 
would most likely go to the Japanese mar- 
ket. HFA shipped its first batch of ferro- 
chromium to Japan in July 1984. HFA 
began shipment of ferrochromium to EEC 
member states early in the year.'* 

Iceland.—Sumitomo Corp., a Japanese 
trader, signed an agreement with the Ice- 
landic Government and Elkem A/S to buy 
15% of Icelandic Alloys Ltd. The Japanese 
company bought 15% of Elkem’s share. The 
Icelandic Government’s and Elkem’s shares 
of Icelandic Alloys now amount to 55% and 
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3096, respectively. Sumitomo will receive a 
long-term supply of 22,000 tons of ferrosili- 
con per year beginning in the third quarter 
of 1984. The Grundartangi facility, complet- 
ed in 1980, is equipped with two 35,000- 
kVeA electric furnaces with a combined 
annual capacity of about 61,000 tons. 

The Icelandic Parliament approved plans 
for a new 27,000-ton-per-year silicon metal 
plant at Reydarfjordur. Icelandic Metal 
PLC, which had been given a Government 
mandate to proceed with the project, began 
a search for foreign and domestic partners 
to share the cost of the facility. 

India.—Power shortages continued to be 
the principal problem of the Indian bulk 
ferroalloy industry. Exports of ferrosilicon 
were banned in July owing to acute power 
shortages in the States of Karnataka and 
Orissa where ferrosilicon capacity is con- 
centrated. Ferrosilicon producers were most 
concerned with the continuous underutili- 
zation of capacity, even though confronted 
with high costs of energy and raw materi- 
als. The plant load factor of power stations 
in India was reported to be only 47.5% in 
1983. 

Owing to the power shortages in Karnata- 


ka and Orissa, the Indian Government tried 


to restrict exports of ferromanganese in 
1984 despite the international price situa- 
tion, which was a deterrent to exports. The 
export ceiling for the period April 1984-85 
was set at 27,500 tons for both ferroman- 
ganese and silicomanganese. Indian ferro- 
manganese producers indicated to the Gov- 
ernment that some kind of export assist- 
ance is required to increase ferroalloy ex- 
ports. In Orissa, the power shortages also 
hampered export efforts of two export- 
oriented charge chrome producers there. 
Manganese Ore India Ltd. planned to build 
its first ferromanganese plant in the State 
of Madhya Pradesh. The new facility will 
have a capacity of 66,000 tons per year. 
Orissa Mining Corp.’s first charge chrome 
plant, at Bamanipal in the Keonjhar Dis- 
trict, was expected to go into production in 
February 1985. The plant is being built by 
Outokumpu Oy, Finland, and Voest-Alpine 
AG, Austria. The plant, equipped with a 
30,000-kV*A furnace, was expected to pro- 
duce 55,000 tons of low-phosphorus charge 
chrome per year. Ore fines will be supplied 
by Outokumpu’s Sukhrangi Mine. The Gov- 
ernment had already granted the company 
an import permit for 30,000 tons per year of 
coke. is 

Iran.—Iran made its first offering of 1,100 
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tons of molybdenum sulfide concentrates 
from its Sar Chesmeh operations in Octo- 
ber. The concentrates are reported to be 
very high in copper content, about 2%, and 
need to be blended with higher grade con- 
centrates to be viable for acceptably graded 
ferromolybdenum production. 

Italy.—The restructuring of Carlo Tassa- 
ra Stabilimenti Elettrosiderurgici S.p.A. left 
COMILOG with a controlling share in the 
company’s ferroalloys business through its 
subsidiary Elettrosiderurgica Italiana. The 
COMILOG subsidiary, in which Carlo Tas- 
sara will have a minority interest, will 
produce ferroalloys at the Cairo Monte- 
notte, Savona, and Tassara Breno, Brescia, 
facilities. Output from the two plants in 
1984 was expected to reach 33,000 tons of 
ferromanganese, 33,000 tons of silicoman- 
ganese, and 16,500 tons of low-carbon ferro- 
manganese. 

Japan.—In June, the Japan Ferroalloy 
Association’s ferrosilicon producing mem- 
bers withdrew their dumping complaint 
against Brazil, France, and Norway. The 
complaint, which was filed with the Finance 
Ministry in March, charged France and 
Norway with dumping their ferrosilicon 
into Japan and Brazil with unfair competi- 
tion through subsidizing their ferrosilicon 
exports to Japan. Imports from the three 
countries were expected to amount to about 
153,000 tons. Japan’s Ministry of Interna- 
tional Trade and Industry (MITI) had 
received assurances from the Governments 
of the countries involved that there had 
been no dumping and that exports of ferro- 
silicon had been in accordance with the 
General Agreement on Tariffs and Trade 
(GATT) regulations. Equally important in 
the decision to drop the dumping suit was 
the price of ferrosilicon imported into Ja- 
pan, which had reached a level approxi- 
mately equal to that of Japanese-produced 
material. MITI formed a new commission in 
March that, similar to the ITC, will have 
powers to exclusively handle complaints of 
dumping and unfair competition filed by 
Japanese industries against foreign im- 
ports. 

In January, the Japanese Government’s 
Tariff Council recommended that the 5.3% 
GATT-based import duty and the 12% non- 
GATT duty imposed on imports of silicon 
metal should be abolished effective April 1. 
The duty, introduced to protect Japanese 
producers from cheap imports, became re- 
dundant when the last Japanese producer 
of silicon metal ceased production in De-. 
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cember 1982. 

Nippon Denko Co. Ltd. announced in 
October that it had constructed an electric 
furnace for production of high-carbon ferro- 
boron at its Hokuriku plant. The 1,500-ton- 
per-year furnace was put into operation 
October 15. Ferroboron was expected to 
become an important raw material in the 
production of amorphous metals. Amor- 
phous metals have a random structure 
achieved by rapid cooling. 

In March 1984, the Japan Rare Metals 
Association, under the 1983 national stock- 
pile program, purchased 12,859 tons of high- 
carbon ferromanganese and 146 tons of 
ferrovanadium, based on contained vana- 
dium. Of the totals, 7,807 tons of ferroman- 
ganese will be stored in the national stock- 
pile with the remaining 5,052 tons in the 
joint government-private stockpiles. The 
ferrovanadium will be split evenly between 
the two stockpiles. The Metal Mining Agen- 
cy of Japan planned to borrow $26." million 
to expand the country's ferroalloy stockpile 
by 6 to 20 days' worth of consumption by 
1985. The stockpiling program, begun in 
1983, includes cobalt, ferrochromium, man- 
ganese, molybdenum, nickel, tungsten, and 
vanadium. 

MITI planned to cut back Japan's ferro- 
nickel and ferrochromium capacity by 1096 
to 12% by March 1988. High energy costs 
coupled with rising imports were cited as 
the reasons for the prospective cutbacks. 
Japanese chromium ore consumers report- 
ed that problems that severely disrupted 
shipments from Albania and India in the 
second half of 1984 had not resulted in a 
shortage of material. Japan imported far 
larger tonnages of chromium ore from the 
Republic of South Africa. 

The Japanese ferroalloy industry has 
steadily declined since 1979. Ferrosilicon 
has been hardest hit followed by ferrochro- 
mium and ferromanganese. A basic factor 
in the decline is rapidly rising energy and 
power costs, which are making it prohibi- 
tive to produce energy-intensive metals. 
Coincidentally, ferroalloy imports have 
soared, further exacerbating the problems 
of Japanese producers. 

New Caledonia.—Société Métallurgique 
Le Nickel (SLN) planned to start up its 
third furnace at its Domiambo nickel plant 
during the second half of 1984, responding 
to an improvement in the nickel market. 
SLN had technical problems with one of its 
furnaces early in the year. The furnace 
suffered an unscheduled shutdown owing to 
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development of a crack in the lining. Over- 
all production is expected to reach 33,000 
tons of contained nickel in 1984. SLN ceased 
nickel ore production at its Thio Mine in 
November, a result of harassment by sepa- 
ratists. However, ore deliveries from its 
larger mine at Kouaha to the company’s 
smelter at Domiambo were reported not 
affected. SLN’s New Caledonian operations 
are major suppliers of ore and ferronickel to 
the Japanese and West European mar- 
kets.'¢ 

Norway.—Norwegian ferroalloys produc- 
ers reportedly operated at near capacity. 
Hydroelectric power is cheap in Norway but 
is limited in supply. Although the country 
has plenty of hydro potential remaining to 
be developed, expansion of the available 
power base has been restricted by environ- 
mental pressures. A Government report on 
energy development was to be considered by 
the Norwegian Parliament late in the year. 
Several major ferroalloys producers would 
likely expand capacity if they were able to 
acquire additional power rights. Norway is 
the world’s largest exporter of ferrosilicon 
and silicon metal, and the world’s second 
largest exporter of ferromanganese and sili- 
comanganese. 

Elkem A/S announced in July that it 
planned to increase medium-carbon ferro- 
manganese production from its current lev- 
el of about 83,000 tons per year to 127,000. 
The company said the increase would take 
place over several months at existing 
plants, using new refining equipment. The 
additional production will be slated for the 
Japanese and European markets. Elkem 
also increased its ferroalloy interests in 
Canada and the United States. Elkem’s 
purchase of Union Carbide’s ferroalloy 
plants in 1981 included valuable technology 
in medium-carbon ferromanganese produc- 
tion. This technology was further improved 
at the company’s research centers and 
plants in Norway and the United States. 

Tinfos Jernverk A/S restarted silicon 
metal production at its Notodden plant in 
December. The company's initial startup in 
midyear was unsuccessful owing to techni- 
cal difficulties. The transfer of silicoman- 
ganese capacity to the Oye Smelteverk in 
Kvinesdal resulted in spare capacity in 
Notodden, which could be used for silicon 
metal production. 

Pakistan.—The Baluchistan Develop- 
ment Authority (BDA) entered into agree- 
ment with Pakistan Chrome Mines Ltd., a 
joint venture between Pakistani and Cana- 
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dian interests, to expand the chromite min- 
ing operation in the Muslim Bagh area. 
BDA was also considering the establish- 
ment of a chrome ore beneficiation plant as 
a first step toward the production of ferro- 
chromium in Pakistan.“ 

Papua New Guinea.—Nord Resources 
Corp. announced that, owing to the de- 
pressed metals market, it had no current 
plans to develop its chromium-nickel-cobalt 
deposit along the Ramu River. The compa- 
ny estimated that project development costs 
would be about $1 billion. Exploratory work 
has indicated a deposit in the range of about 
250 million tons of mineralized material. 

Philippines.—Ferrochrome Philippines 
completed modification of its high-carbon 
ferrochromium furnace at its Tagoloan 
plant. The furnace’s annual production ca- 


pacity was increased from 55,000 tons to 


66,000 tons. Most of the plant's production, 
which is low in sulfur, goes to Japan.“ 

Portugal.—Cia. Portuguesa de Fornos 
Eléctricos S.A.R.L. reportedly planned to 
convert one of its two 25,000-kV*A silicon 
metal furnaces to ferrosilicon production 
late in 1984. A pickup in world demand 
along with a firming of prices were cited as 
the reasons for this action. 

South Africa, Republic of.—General 
Mining Union Corp. Ltd. (Gencor) planned 
to increase ferrochromium capacity at its 
Tubatse Ferrochrome (Pty. Ltd. plant, 
Steelpoort, in 1987. The plant contains 
three 30,000-kV*A electric furnaces with a 
conbined production capacity of about 
150,000 tons of charge chrome per year. 
Gencor may expand capacity either by con- 
structing new electric furnaces or by adding 
ore-pretreatment facilities. Adoption of ore- 
pretreatment technology would increase ca- 
pacity to 220,000 tons per year while also 
substantially reducing power consumption 
per unit. Gencor earlier had decided to 
increase chrome ore production capacity at 
the Tweefontein Mine, Transvaal.” 

About midyear, Gencor acquired Ge- 
sellschaft für Elektrometallurgie mbH's 
Waterkloof chrome ore mine at Rustenburg. 
The mine was operating at a production 
capacity of about 170,000 tons per year. 
Gencor will use the mine’s lumpy ore pro- 
duction in its domestic ferrachromium pro- 
duction. Gencor also acquired outright con- 
trol of Samancor by buying South African 
Iron and Steel Industrial Corp. Ltd.’s 44% 
holding in African Metals. 

Samancor switched its ferromanganese 
furnaces over to ferrochromium production 
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and at midyear was operating at about its 
capacity of 330,000 to 390,000 tons per year 
of 50% to 55% charge chrome. e 
Spain.—The Spanish ferroalloy industry 
completed its restructuring plan for ferro- 
silicon and ferromanganese producers in 
the latter part of the year. Overall capacity 
was cut back 50% in return for concession- 
ary power rates by the Government. Pro- 
duction of the various alloys has been divid- . 
ed among the producers. Under the ration- 
alization plan, the Government designates 
which companies are allowed to export and 
sets production levels. The ferroalloy indus- 
trys main purpose now is to supply that 
country’s steel industry, with only Hidro 
Nitro Españolas able to export a significant 
amount of its production, about 50%. 
Because of Government restrictions on 
production, only about 17,000 tons of ferro- 
silicon was expected to be exported. Once 
Spain obtains full membership to the EEC, 
certain export incentives and Spain's pro- 
tective high import tariffs will be phased 
out. In late 1984, Fesa, a ferrochromium 
producer that was not included in the re- 
structuring program, applied for the same 
favorable power rates as those awarded to 


the country's ferrosilicon and ferroman- 


ganese producers. The company, which pro- 
duces about 26,000 tons.of ferrochromium 
per year, maintains that the preferential 
power rate was vital if it was to remain 
competitive in the European market. 

Sweden.—Swedechrome, a consortium of 
nine Swedish companies and a Government 
pension fund, announced a contract for 
construction of an approximately 86,000- 
ton-per-year ferrochromium plant in Mal- 
mo, southern Sweden, late in 1984. The 
Swedish Government had given its approval 
for construction of the plant in July. The 
plant was designed and will be built on a 
turnkey-basis by SKF Steel Engineering AB 
(SKF) and was scheduled for completion by 
the end of 1986. The facility will make use 
of the plasma arc technology developed by 
SKF, using the company’s 6-MW plasma arc 
generator. When operating at full capacity, 
the plant will also supply large quantities of 
surplus energy to the city of Malmo’s dis- 
trict heating system. An important advan- 
tage of the plasma process is its ability to 
process fines. Such fines are generally 
cheaper than the lump ore used in most 
other ferrochromium plants. The Malmo 
plant will be the second plasma arc furnace 
to be put irto operation in Sweden. 

Scan Dust AB began operation of its 
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plasma process plant at Landskrona in 
September 1984. The plant, also built by 
SKF, was expected to handle about 80,000 
tons of steel mill baghouse dust per year. 
The Landskrona plant uses three 6-MW 
plasma generators, built by SKF, to gener- 
ate up to 9,000* F of heat during the process. 
Excess heat from the Scan Dust plant is 
used by the Landskrona municipality for 
district heating purposes.?! 

Gullspongs Elektrokemiska AB shifted its 
three ferrotungsten furnaces to the produc- 
tion of high-speed steel ingot. Strong compe- 
tition from Chinese ferrotungsten was cited 
as a principal reason for the switch. The 
company also began producing a ferro- 
nickel-type material containing 35% nickel 
and 15% chromium. The plant has a capaci- 
ty to produce 22,000 tons per year of ferro- 
nickel. 

Turkey.—The Turkish Government be- 
gan to actively seek participation of foreign 
companies in development of metal ore 
deposits in Turkey. The country's previous 
policy discouraged foreign investment. Tur- 
key was reportedly particularly interested 
in joint ventures with U.S. mining and 
energy companies. Since local economic 
problems have forced the country to borrow 
heavily from the IMF, Turkey has actively 
encouraged foreign investment. The main 
metals under consideration are chromium, 
nickel, molybdenum, and vanadium. Tur- 
key has substantial reserves of chromite 
ore. The country was a major world supplier 
of low-carbon ferrochromium before the 
advent of the argon-oxygen decarburization 
(AOD) process, which utilizes high-carbon 
ferrochromium directly in steelmaking. 

U.S.S.R.—Future production of manga- 
nese ore and ferromanganese was being 
planned for East Siberia in the vicinity of 
Krasnoyarsk. Àn East Siberian ferroalloys 
plant was to be located near the Sredney- 
eniseyskaya hydropower plant to be built on 
the Yenisey River. It had been thought that 
ore feed for the smelter would have to come 
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from the distant Nikopol' Basin. It was now 
considered feasible to obtain at least part of 
the ore through development of the Po- 
rozhinskoye deposit in the region. 

United Kingdom.—The British Govern- 
ment announced in November that it had 
decided to dismantle its strategic stockpile. 
The British Department of Trade and In- 
dustry said that the stockpile materials will 
be disposed of over a period of years. The 
principal contents of the British stockpile 
were reported to be manganese and chromi- 
um materials. 

Venezuela.—Ferrosilicio de "Venezuela 
S.A. (FESILV EN) lost its entire production 
owing to an explosion in one of its two 
52,000-kV *A furnaces at the end of April. 
The explosion resulted in one fatality, with 
injuries to others. The plant's other furnace 
was down for scheduled repairs. Both fur- 
naces were reported to be operating at 80% 
of capacity by the end of August. FESIL- 
VEN exports the majority of its production 
and expected to begin shipments to the 
United States and Europe in September.?? 

Yugoslavia.—Feronikls new ferronickel 
plant in the Kosovo region began operations 
on May 23. The facility has a production 
capacity of about 13,000 tons of contained 
nickel per year. Production was expected to 
be 3,300 to 4,400 tons in 1984, with most of 
the output destined for export. The Mace- 
donian regional government officially clos- 
ed the new Rudnici i Industrija za Nikel, 
Celik i Antimon ferronickel plant at Kava- 
darci in July. The plant, which had tempo- 
rarily shut down in March, will be main- 
tained at a level where rapid reopening will 
be possible if market conditions warrant 
it. 

Zimbabwe. — The Zimbabwe Mining and 
Smelting Co., a Union Carbide subsidiary, 
expected to produce about 170, 000 tons of 
ferrochromium in 1984. The plant operated 
five of its six furnaces concurrently. One of 
the plant's six furnaces was kept available 
as a standby replacement. 
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Table 9.—Ferroalloys: World production, by country, furnace type, and alloy type! 
(Thousand short tons) 


Country, furnace type,? and alloy type? 


Albania: Electric furnace, ferrochromiumnee 


Argentina: Electric furnace: 


Totalt |. 


Austria: Electric furnace, undistributed |... -— 
Belgium: Electric furnace, ferromanganese’. ____________ 


Ferrochromium-silicon_ 
Ferronickel _______ 
Other 


Canada: Electric furnace: 
Ferromanganese 


— am a ye — — a qm am —¾ ee — —— ae ee ee — A — ae a = 


-e — me me qe ae a ae re —— — — A —— em we om — ae 


— — — ee a ae nee com cm cme ue ee em ee cee — ee ee ee om ee — 


China: Furnace type unspecified: !? 


Ferromanganese" _ _ _ — 
Ferrosilicxon 


Other? 


4 


— ame ane — — A — — am — — ame ae eum ë vuo ame une ame amp me —— 


Colombia: Electric furnace, ferrosilicon? ! ““)!“ 


Czechoslovakia: Electric furnace: 


Ferromanganese® * 
Ferrosilicon®__ _ _ ___ 


Ferrochromium® 


Other® ® |. 


Dominican Republic: Electric furnace, ferronickel |... 
Egypt: Electric furnace, ferrosilicon? ________________- 
Finland: Electric furnace, ferrochromium mmm 


See footnotes at end of table. 


1980 1981 1982 1983” 1984* 
4 31 33 39 44 
26 25 27 28 21 
13 14 17 15 15 
13 11 19 17 17 
2 3 5 4 4 
54 53 67 64 63 
104 ut 60 54 *83 
20 32 33 24 *34 
20 T20 22 *24 28 
144 127 115 108 145 
11 13 15 15 15 
94 99 *99 *99 105 
155 119 133 114 *117 
148 197 190 184 193 
120 133 127 173 6174 
15 21 20 23 *30 
103 131 107 85 $138 
9 10 3 6 eg 
12 12 12 29 33 
41 41 39 34 60 
609 1623 630 648 753 
31 37 37 37 37 
18 22 22 22 22 
1 1 1 1 1 
50 60 60 60 60 
95 120 7152 118 128 
153 1128 116 94 88 
43 31 30 28 28 
28 131 (20) (19) AN 
319 310 *298 239 244 
16 3 6 

(11) (11) NA NA (11) 
6 3 2 5 5 

1 1 2 2 2 
13 9 6 13 13 
650 580 520 540 540 
7215 7215 215 215 215 
724 724 124 24 24 
130 130 130 130 130 
80 80 80 80 80 
11,102 11,029 970 F992 989 
1 1 1 1 

110 110 110 110 110 
35 35 35 35 35 
6 6 6 6 6 
30 30 30 30 30 
10 10 10 10 10 
191 191 191 191 191 
51 54 16 60 971 
T5 15 T6 T6 7 
58 57 60 65 66 
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Table 9.—Ferroalloys: World production, by country, furnace type, and alloy type! 


—Continued 
(Thousand short tons) 
Country, furnace type,? and alloy type? 1980 1981 1982 1983P 1984* 
France: 
Blast furnace: 
Spiegeleisen _—_—--—---------------------—-- 8 1 1 1 1 
erromangan eee „ 529 344 365 r €303 302 
Electric furnace: 
Silicomanganese „„ 22 11 32 32 33 
Ferrosilicon nnn 283 208 186 212 220 
Silicon me taal! 66 66 63 62 55 
Ferrochromiu mii 49 30 16 20 22 
Other’? _______________ LLL LssLLococ 137 131 115 148 143 
err LLL eS 71,087 791 778 778 776 
German Democratic Republic: Electric furnace: 
Ferromanganese ?: 77 774 169 r69 72 
Ferrosilicon__—-—-------------------—-———— 129 128 26 126 28 
Silicon metal. .. ______________________ 4 4 3 14 4 
Ferrochromium® __________________________-_ T2] 122 22 119 23 
Othon Tesna nf %ĩðh ĩðé k 20 121 17 120 18 
ü ⁵ y eii mete etes 151 149 138 141 145 
Germany, Federal Republic of: 
Blast : 
Ferromanganese____________ ~~~ 220 236 220 148 160 
Ferrosilicon® ___________________________ 71 55 46 144 50 
Electric furnace: : - : 
erroman gane „„ 6 21 21 19 28 
Ferrosilictxoůonsnss”-wæôͥ·ꝑ¶ 22222222222 55 46 37 r34 66 
Ferrochromium ---------------------—---—- r64 55 46 142 77 
Other. A0³ĩ˙Üe ⁰¹g %⅛ð5v ͤ e EIC. 55 47 40 736 72 
'Total*-— 2 A A m d cx 1491 1461 411 323 453 
Greece: Electric furnace 
Ferrochromium mn EP 8 D5 20 22 
Ferronickel ____________________________ 57 56 e56 e55 55 
7/ôö;—ꝗðö. ce s y 57 56 256 75 77 
Hungary: Electric furnace: 
Feil 8 11 12 212 11 10 
Silicon metala 2L LLL LL LLL LL LLL 2 2 2 2 2 
Other. —— o noe ß ILE eil 3 3 e3 2 2 
Toar aR e a a a EE 16 17 17 15 14 
Iceland: Electric furnace, ferrosilicon -———-----------—- Tog 97 47 56 61 
India: Electric furnace 
erromang ane 1174 1227 166 138 138 
Silicomag ane „ 14 18 15 15 11 
Ferrosilicon n 160 167 40 45 44 
Silicon metaaaalll.!.nninlnnsnsnnsnsssssssns c2 22 22L 3 4 e4 e4 3 
FerrochroiunmngnsnsnsnsEns 18 135 44 34 44 
Ferrochromium-siliſonss”æôʒsi ---- 4 5 24 (11) (11) 
Other- oh eei hl te ee esL 8 1 110 15 r 12 11 
Ji: AA 88 r274 T365 290 250 251 
Indonesia: Electric furnace, ferronickel. . . ..  ........ 20 22 24 23 22 
Blast furnace: 
Spiegelei sens 6 1 1 1 1 
erromangan ee 67 65 63 54 55 
Electric furnace: 
Ferromanganese. z LLL LLL LLL L- 24 14 18 14 14 
Silicomanganese__________________-_____~- T49 60 64 41 44 
Ferrosilicon. __ _~§__§_§______~_~___~__________ 79 61 70 57 55 
Silicon me tada 17 17 17 15 15 
Ferrochromium ______~___________________ 45 11 40 13 13 
Others? 16 14 13 37 39 
Total*39 -n 304 242 286 232 236 


See footnotes at end of table. 
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Table 9.—Ferroalloys: World production, by country, furnace type, and alloy type! 


Country, furnace type,? and alloy type? 


Japan: Electric furnace: 


Ferromanganeeeeeess 
Silicomanganese ess 
Ferrosilicon nns 


19 


Ferrochromium-csilicon'? —~___—__§__________ 
Ferronickel _____________~___________ 


C o on sn e a us dis 


Korea, North: Furnace type unspecified: !? 


Ferromanganese®_______________------ 
Ferrosilicon _________.._ ~~~ 


Korea, Republic of: Electric furnace: 


Ferromanganeesekeeeee _ 
Ferrosilicon -——-—----------—-----——-—— 
Ohër aaaea A a K er 


Silicomanganese —_—-—--—-------------—--—— 
Ferrosilicon -———--------------—-——-—-— 
Ferrochroiunmummwmwdw „ 
Other, ß cus cts ema 


P ³·¹Üwꝛ t (eo 


Other ͥ⁰ÜÜ¹˙⁴ʃ U d Le Li ess 


Peru: Electric furnace: 


Ferromanganese _—-——----------------—- 
Ferrosilitoo“nnꝰn”ns 


Philippines: Electric furnace: 


Ferrosilicon ____________~_____~_______ 


Poland:* 
Blast furnace: 


Spiegeleisen _____________________ 
Ferromanganese______~_____________ 


Electric furnace: 


Other? S on e he ae ou 


Portugal: Electric furnace: 
Ferromanganese 7° 
Silicomanganese*? 7” 


See footnotes at end of table. 


Ferrosiliconf. -2-2 -L 
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—Continued 
(Thousand short tons) 


1980 


1981 


1982 


1983P 


258 
101 
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Table 9.—Ferroalloys: World production, by country, furnace type, and alloy type 


—Continued 
(Thousand short tons) 
Country, furnace type,“ and alloy type? 1980 1981 1982 1983? 1984° 
Romania: Electric furnace: 
Ferromanganese —.—-—----------------------—— 72 77 83 88 96 
Silicomanganeeesekekes3 ~~ ~~~ _ 34 36 39 42 45 
Ferrosilicon |... _~§_-____~_~_~______ ee 43 46 50 53 57 
Silicon metal... — eS 3 4 4 4 5 
Ferrochromium LL L2 2222 cL LLL 2L LL2L 38 40 43 46 50 
77ôöÜ ꝛ¹-ww--.. ⁊ð Ä ⁊ð ʒ te 190 208 218 234 253 
South Africa, Republic of: Furnace type unspecified:? * 

erromanganese ________________.-_-~_----- 578 496 485 r386 422 
Silicomanganessssssss «„ 77 55 44 33 39 
Ferrosilickonnnn ~~~ ~~~ 2222222- 179 121 110 110 121 
lier; ⁰ es Se 33 33 33 124 28 
Ferrochromium ___________________-______~_~- 882 827 1507 1794 977 
Ferrosilicochroiumnmnmnnnn LLL 42 22 22 20 29 
Other?!) 1 11 71 ri 1 

J so Se due ec LE E 11,787 71,555 11, 202 71, 868 1,617 
Spain: Electric furnace: 

erromang ane 135 106 96 94 94 
Silicomangan ess „„ 104 77 78 77 77 
Ferrosiliſo nn 136 94 70 68 66 
Silicon metal ____$______________________ coL 22 20 20 T19 17 
Ferrochromium _________________~__ ccu 18 19 17 15 15 
(her 2n ̃ ...!... 7 7 6 6 6 

h oA La 422 323 286 279 275 
Sweden: Electric furnace: 

e ðVü/ IL e LL 9 21 16 17 17 
Silicon metal ——---------------—------—---—— 20 r16 €18 €18 18 
Ferrochromium ________________________-__ - 159 T161 129 r €138 138 
Ferrochromium-silicon_ - ---------------—--—-—-—— 9 T95 22 €29 22 

7) a a RADE a a UON PN SONS 2 11 1 1 1 
Totalt ) F199 1223 185 195 196 
Switzerland: Electric furnace: 
Ferrosilicon nnn 3 3 3 T2 8 
Silicon metaalalkiki iuklœ„ww ee 2 2 r2 12 2 
17ß!!;ö·Üyſfſſſßꝙ ⁵ĩðVW—. ð K k DM MN EN 5 5 15 14 5 
Taiwan: Electric furnace: 

erromanganese ——-—------------------------ 23 121 21 24 22 
Ferrosilicomang ane „ 25 16 23 20 625 
ir ae ee ee a aue 31 119 19 20 626 

Tota oou tid 79 156 63 65 €73 
Thailand: Electric furnace 
Ferromanganese _-—-—-—---------------------—- (11) (11) E m INS 
Ferrosilicon --—---—------------------ ries (11) (1) IR HR e 
CCC IEP Rn ence ee Wt ae ne e ee eee ee (11) F(11) Ed m Rc 
Turkey: Electric furnace: 
Ferrosiliſoonnnꝰn”mnsmwdwwçœwwwœœ d T 8 25 e5 6g 
Ferrochromium _________________~_~_________ . *85 45 44 33 $53 
ON aa Fa os p natu A 8 *35 45 49 38 *6] 
U.S.S.R.: 
Blast furnace: 
Spiegeleisen®___________________________ 55 55 55 55 55 
Ferromangan esse 606 606 606 1606 606 
GG G a ³ AAA ie ui 110 pe NE t EL 
Electric furnace 
Ferromanganese® ________________________ 1,070 1,140 1,200 1,270 1,320 
Silicomanganese® ________________________ 85 85 85 r37 39 
Ferrosilicon® ___________________________ 694 717 750 1794 821 
Silicon metall 65 70 70 70 70 
Ferrochromium dd 1430 1441 1457 1457 468 
Ferrochromium-silion??h?kkk 11 11 11 T18 18 
Other! a mee eL uM 220 230 248 250 250 
7717%%/ö»ö%ͤ ͥ ³ĩo¾ a Dn Eu EA Re 13.297 3,305 3,432 3,551 3,643 


See footnotes at end of table. 
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Table 9.—Ferroalloys: World production, by country, furnace type, and alloy type! 


ntinued 
(Thousand short tons) 
Country, furnace type. and alloy type? 1980 1981 1982 1983P 1984* 
United Kingdom: 
Blast furnace, ferromanganese ___ ________________ 57 93 *61 r e9] 83 
Electric furnace, undistributed?  . . 13 14 12 1714 14 
Totalt ³ ³¹i¹A1¹AA 0 ·¹—i ³⁰¹m ²ꝛ¹¹1.wm EET o er i 171 107 e79 €106 97 
United States: Electric furnace: 
erromanganese ___________________________ 189 193 119 86 24171 
Silicomanganese _____________________-____- 188 173 69 W (75) 
Frei ⁰ ee 559 580 299 1314 490 
Silicon wetfdſdſdſddſdſdſddddſ LIII 127 130 77 122 141 
Ferrochromium __________~__________________ 184 164 92 20 2695 
Ferrochromium-silicon?? |... — 54 62 27 16 (35) 
G ;õ el 0 kms 8 245 219 136 r198 190 
EE N EE A RE RR EA 1,547 1,521 819 1757 $1,088 
Uruguay: Electric furnace, ferrosiliſoůowtnnnn n (1) (11) (19) (2) (24) 
Venezuela: Electric furnace: 
erromanganese _________________-~~~~__----— 2 2 2 2 2 
Silicomanganese __________________-__--___- E! 111 10 10 10 
Ferrosilli ens See r65 149 46 51 49 
CC%/((Äöõĩ]˙ Am. ¹·iꝗͤn K ( e e c da 168 162 58 63 61 
Yugoslavia: Electric furnace: 
erromanganese _______________._____~____- 37 56 43 *43 46 
Silicomanganese ________________~ „ 36 32 22 e26 28 
Ferrosilicon ____________________________ 73 88 78 *90 110 
Silicon metalalMM!llklwllwOnllll◻LLLL 222222 33 31 33 *40 50 
Ferrochromium _____________________~_~______ 76 16 56 e65 88 
Ferrochromium-silicon_ - ——-------------------—- 11 6 7 e7 8 
Other so i) ³ð6A 8 1 1 4 e5 6 
Tótal*t one ö᷑ ³ꝛo.. é E eee 267 r291 243 €276 $335 
Zimbabwe: Electric furnace: 
erromanganese ____________________~----_- e3 e2 2 2 2 
, ß . NA NA 14 30 31 
Ferrochromium nnn €287 230 198 174 187 
Towi -dana uc LA x €290 233 215 206 220 
Grand total ___________________________ 117,578 116,583 15,153 15,014 16,484 
Of which: 
Blast furnace: 
Spiegeleise '?) 69 65 65 65 65 
Ferromanganes s“ 1,610 1,475 1,452 1,333 1,337 
Other 181 55 46 44 50 
Total blast furnace __________________ 1,860 1,595 1,563 1,442 1,452 
Electric furnace:!? 
Ferromanganes? |... h  . 73,734 13,750 3,581 3,391 3,756 
Silicomanganese? 3 4 11,347 11,323 1,258 ,064 1,184 
Ferrosilicon_ ß uu "9813 T3,515 3,189 3,338 8,696 
Silicon metal _______________________ 643 1601 542 587 619 
Ferrochromium™ .. . S "8,157 12,951 2,518 2, 675 3,139 
Ferrochromium- silicon? T“ 140 1142 97 85 81 
Ferronickeb5  — LL LLL Ll 590 534 464 443 521 
Other” __ se t T970 T932 832 957 1,018 
Undistribute dl 24 27 27 29 29 


See footnotes at end of table. 
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Table 9.—Ferroalloys: World production, by country, furnace type, and alloy type! 


—Continued 
(Thousand short tons) 
Country, furnace type,? and alloy type? 1980 1981 1982 1983P 1984 
Total electric furnace ________________ 114,418 713,835 12,508 12,569 18,993 
Furnace type unspecified: 
Ferromanganese!? | 1,300 1,153 1,082 1,003 1,039 


*Estimated. Preliminary. Revised. NA Not available. W Withheld to avoid disclosing company proprietary 
data; included with “Other.” 

1Table includes data available through June 9, 1985. 

To the extent possible, ferroalloy production of each country has been separated according to the furnace t from 
ii production is obtained; production derived from metallothermic operations is included with electric-furnace 
»roduction. 

To the extent possible, ferroalloy production of each country has been separated so as to show individually the 
following major types of ferroalloys: spiegeleisen, ferromanganese, silicomanganese, ferrosilicon, silicon metal, ferrochro- 
mium, ferrochromium-ilicon, and ferronickel. Ferroalloys other than those listed that have been identified specifically in 
sources, as well as those ferroalloys not identified specifically but which definitely exclude those listed previously in this 
footnote, have been reported as “Other.” For countries for which one or more of the individual ferroalloys listed 
separately in this footnote have been inseparable from some other ferroalloys owing to the nation’s reporting system, 
such deviations are indicated by individual footnotes. In instances where ferroalloy production has not been subdivided in 
sources, and where no basis is available for estimation of individual component forroelloys. the entry has been reported 
as “Undistributed.” 

*Data may not add to totals shown because of independent rounding. 

5Data for year ending Nov. 30 of that stated. 

Reported figure. 

"Reported as blast furnace ferromanganese and spiegeleisen but believed to be electric-furnace output. 

Includes silicomanganese. 

Includes ferrochromium-silicon and ferronickel, if any was produced. 

10Revised to zero. 

111 ess than 1/2 unit. 

12 Although furnace type has not been specified for any ferroalloy production for China, North Korea, and the Republic 
of South Africa, all output of these countries has been included under “Electric furnace" (and metallothermic) output 
except for their production of ferromanganese, which is reported separately. 

13Includes ferrochromium-silicon, if any was produced. 

I*Colombia is reported to produce ferromanganese also, but output is not reported quantitatively, and no basis is 
available for estimation. 

18Totals for 1980-84 represent estimates for silicon metal plus reported totals for all other types. 

16Includes silicospiegeleisen. 

17Includes ferronickel, if any was produced. 

18Series excludes calcium silicide. 

1 Data revised; not available owing to reporting procedure by Japan. 

?0Estimated figures based on reported exports and an allowance for domestic use. 

21Ferrovanadium only; other minor ferroalloys may be produced, but no basis is available for estimation. 

Soviet production of electric-furnace ferroalloys is not reported; estimates provided are based on crude source 
material production and availability for consumption (including estimates) and upon reported ferroalloy trade, including 
data from trading partner countries. 

U. S. production of ferronickel cannot be reported separately in order to conceal corporate proprietary data. 

?4U S. output of ferromanganese for 1984 includes silicomanganese and manganese metal. 

350 S. output of silicomanganese for 1984 included with ferromanganese. 

2U S. output of ferrochromium for 1984 includes ferrochromium-silicon, chromium briquets, exothermic chromium 
additives, other miscellaneous chromium alloys, and chromium metal. 

*7U S. output of ferrochromium-silicon includes chromium briquets, exothermic chromium additives, other miscella- 
neous chromium alloys, and chromium metal. 

J. S. output of ferrochromium-silicon for 1984 included with "Ferrochromium." 

29 Includes ferronickel. 

piegeleisen for the Federal Republic of Germany is included with Blast furnace: Ferromanganese." 

*1Includes the following quantities specifically identified as Ferrosilicon, in thousand short tons: 1980—71; 1981—55; 

1982—46; 1983—44 (revised); and 1984—50. The remainders are not identified except that they are not spiegeleisen or 


erromanganese. 
32Includes silicomanganese (if any was produced) for countries carrying footnote 8 on Ferromanganese data line. 
Includes silicospiegeleisen for France. 

. *“Includes ferrochromium-silicon (if any was produced) for countries carrying footnote 13 on “Ferrochromium” data 


e. 
*5Includes ferronickel production for France, Norway, the U.S.S.R., and the United States. 


TECHNOLOGY 


Plasma technology was evaluated as an An ac or dc plasma is generated by ohmic 
alternate method to the conventional heating of a neutral or chemically reactive 
submerged arc electric furnace for ferroal- gas by means of an electrical discharge (arc) 
loy production. The three basic types of struck between two electrodes. However, 
thermal plasma reactors currently in use the plasma in an rf reactor is produced by 
for materials processing use direct current  inductive coupling. The dc plasma arc fur- 
(dc), alternating current (ac), or radio fre- nace is most commonly used in ferroalloy 
quency (rf) as the primary power sources. production. In the dc arc furnace, there are 
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two different modes by which the arc may 
be formed and heat transferred to the 
charge: (1) transferred-arc mode, in which 
the material being processed is one of the 
electrodes, and (2) nontransferred-arc mode, 
in which both electrodes are confined in a 
single device, from which the plasma is 
blown into a reactor by passing a flow of gas 
through the device. 

The most important feature of the plasma 
furnace in metallurgical applications is that 
it can process ore fines directly without 
prior briquetting or pelletizing, a costly 
process normally required for conventional 
submerged arc electric furnaces. Further, 
plasma reactors can be used to recycle and 
refine materials such as ironworks and 
steelworks baghouse dusts and ferroalloy 
plant fines to recover critical and strategic 
materials. Other advantages claimed for the 
dc arc plasma furnace include use of low- 
cost coal in place of more expensive coke, 
less noise pollution, and lower electrode 
consumption. 

In market economy countries, the three 
companies currently most actively involved 
in plasma technology are SKF, Sweden; 
Tetronics Research and Development Co. 
Ltd., United Kingdom; and Westinghouse 
Corp., United States. SKF licensed its gas 
plasma technology from Westinghouse. 
Westinghouse developed its nontransferred 
arc plasma process for the U.S. National 
Aeronautics and Space Administration to 
simulate conditions that a spacecraft would 
experience on a reentry into the Earth's 
atmosphere. In this system, a gas is ionized 
as it passes through the space between two 
concentric copper electrodes. Ionization 
strips the gas of electrons, giving the gas an 
electric charge. Also, most of the energy 
applied to the electrodes is passed to the gas 
stream in the form of heat. 

In September 1984, SKF completed the 
construction of a new plant for Scan Dust at 
Landskrona, in southern Sweden, for the 
recovery of metals from steel mill baghouse 
dust. The Landskrona plant uses three 6- 
MW plasma generators built by SKF, to 
generate up to 9,000° F of heat. The plant is 
expected to process about 55,000 tons of 
waste per year. Late in 1984, Swedechrome, 
a consortium of nine Swedish companies 
and a Government pension plan, announced 
a contract for construction of a 86,000-ton- 
per-year ferrochromium plant in Malmo, 
southern Sweden. The plant is scheduled to 
begin production in 1986. 

The most extensive investigation in the 
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possible commercialization of plasma fur- 
naces for ferroalloy production in market 
economy countries is being conducted by 
the Council for Mineral Technology in the 
Republic of South Africa in conjunction 
with the Middelburg Steel & Alloys Hold- 
ings (Pty.) Ltd. (MSA). Their experiments 
were conducted at Tetronics, Faringdom, 
Oxon, England, using the Tetronics plasma 
system (TPS) with a 1.4-MW transferred arc 
plasma furnace and a precessing cathodic 
electrode and liquid metal anode. 

The TPS system uses one electrode 
through which the gas passes, while the 
second electrode is at the base of the fur- 
nace. This means that the gas is ionized 
within the reaction zone of the furnace. 
Experiments have been conducted on the 
production of both ferromanganese and fer- 
rochromium. Tetronics also has built an 
11,000-ton-per-year plant for Texasgulf 
Corp. in the United States, near Atlanta, 
GA, to recover platinum from spent auto- 
mobile catalysts. 

ASEA AB, Sweden, has built a 20-MV*A 
plasma arc furnace for commercial scale 
ferrochromium production at MSA's Kru- 
gersdorp plant, Transvaal Republic of 
South Africa. Chromite ore fines are charg- 
ed directly into the dc arc. Initial produc- 
tion of the 44,000-ton-per-year furnace be- 
gan in late 1984. 

Application of high-temperature plasma 
reactors for the production of other ferroal- 
loys such as ferromolybdenum and ferrova- 
nadium from lean ores, concentrates, and 
scrap materials is still under laboratory or 
pilot plant development. 

The Idaho National Engineering Labora- 
tory was conducting research for the Bu- 
reau of Mines on metal-gas reactions in 
thermal plasmas. The objective of this on- 
going research program is to obtain a better 
understanding of physical and chemical 
phenomena in thermal plasmas. 


1Physical scientist, Division of Ferrous Metals. 
2National Materials Advisory Board. Priorities for De- 
tailed Quality Assessments of the National Defense Stock- 
pue Non-Fuel Materials. Natl. Acad. Sci., Washington, DC 
MAB-408, 1984, 66 pp. 
3U.S. Congress, Office of Technology Assessment. Strate- 
gic Materials: Technologies To Reduce U.S. Import Vulner- 
ability. OTA-ITE-249, Jan. 1985, 56 pp. 
*Metals Week. V. 55, No. 49, Dec. 3, 1984, p. 8. 
5Mining Journal. V. 303, No. 7780, Sept. 28, 1984, p. 223. 
Metal Bulletin (London). No. 6883, May 1, 1984, p. 19. 
* —. No. 6943, Dec. 4, 1984, p. 15. 
2. — . No. 6945, Dec. 11, 1984, p. 15. 
Iron Age. V. 227, No. 20, Oct. 15, 1984, p. zu 
10Metals Week. V. 55, No. 45, Nov. 5, 1984, p 
Metal Bulletin (London). No. 6933, Oct. 30 1984, p. 21. 
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oon Metal Market. V. 92, No. 98, May 5, 1984, 


p. 7. 
I*The Tex Report. V. 16, No. 3746, July 6, 1984, p. 10. 
14Metal Bulletin (London). No. 6924, Sept. 28, 1984, p. 17. 

1 . No. 6919, Sept. 11, 1984, p. 23. 

léWork cited in footnote 4. : 

17The Tex Report. V. 16, No. 3751, July 13, 1984, p. 6. 

18Mining Journal. V. 302, No. 7766, June 22, 1984, p. 422. 

I*The Tex Report. V. 16, No. 3810, Oct. 8, 1984, p. 2. 

20 . V. 16, No. 3782, Aug. 1984, p. 17. 

218crap Age. V. 42, No. 1, Jan. 1985, p. 46. 

33Metals Week. V. 55, No. 34, Aug. 20, 1984, p. 7. 

Metal Bulletin (London). No. 6900, July 3, 1984, p. 7. 

National Materials Advisory Board. Plasma Process- 
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ing of Materials. Natl. Acad. Sci., Washington, DC, NMAB- 
415, 1985, 172 pp. 

Schoukens, A. F. S., and T. R. Curr. The Production of 
Manganese Ferro-Alloys in Transferred-Arc Plasma Sys- 
tems. Proc. 42d Electr. Furnace Conf. Iron and Steel Soc. 
AIME, Warrendale, PA, 1985, pp. 161-171. 

Sommerville, I. D., A. Mclean, and C. B. Alcock. Smelt- 
ing and Refining of Ferroalloys in a Plasma Reactor. Proc. 
4lst Electr. Furnace Conf. Iron and Steel Soc. AIME, 
Warrendale, PA, 1984, pp. 31-36. ; 

351daho National Engineering Laboratory (Dep. Energy). 
Strategic and Critical Materials Program Annual Report 
(contract J0134035). BuMines OFR 79-85, May 1984, pp. 51- 
104; NTIS PB 85-216026. 


Digitized by Google 


Fluorspar 


By Lawrence Pelham! 


Fluorspar was recovered by one major 
producer and one small producer. Two other 
small producers shipped fluorspar from 
their mine stocks. Domestic fluosilicic acid 
(H- Si Fe) recovery, a byproduct of some phos- 
phoric acid and hydrofluoric acid (HF) 
plants, decreased. In the chemical industry, 
fluosilicic acid continued to augment fluor- 
spar as a source of fluorine. 

The United States depended on foreign 
sources for more than 90% of its fluorspar 
requirements. Imports increased by 55%. 

Domestic Data Coverage.—Domestic pro- 
duction data for fluorspar are developed by 
the Bureau of Mines from four separate, 
voluntary surveys of U.S. operations. Sur- 
veys are conducted to obtain fluorspar mine 
production and shipments, fluosilicic acid 
production, fluorspar briquet production, 


and fluorspar consumption. Of the 4 fluor- 
spar mining operations, 18 fluosilicic acid 
producers, and 4 briquet producers to which 
a survey request was sent for the 3 produc- 
tion surveys, all responded, representing 
100% of the production data shown in table 
1. The consumption survey was sent to 
approximately 130 operations quarterly and 
30 additional operations annually. Of the 
operations surveyed quarterly, 67% re- 
sponded for the first quarter; 70% respond- 
ed for the second quarter; 65% responded 
for the third quarter; and 68% responded 
for the fourth quarter. Of the 30 operations 
surveyed annually, 77% responded. Togeth- 
er, quarterly and annual responses repre- 
sented 100% of the apparent consumption 
data shown in table 1. 


Table 1.—Salient fluorspar statistics! 


1980 1981 1982 1983 1984 
United States: 
Production: 

Mine production short tons 372,092 415,862 199,714 W W 
Material beneficiate dd do_ ___ 321,219 419,058 231,726 W W 
Material recovered __ _______ do... 88,831 111,281 76,316 W W 
Finished (shipments) ) do... . 92,635 115,404 77,017 61, 000 €72,000 
Value, f.o.b. mine thousands $12,611 $18,412 $13,293 ©310,000 W 
Exports short tons - 17,865 11,261 10,573 9,236 12,266 
Values thousands. . $1,660 $1,194 $1,084 $962 $1,292 
Maii for consumption short tons. _ 899,219 826,183 543.7 453,314 703,711 
7 thousands. _ $94,103 $104,938 $67,665 $47,032 $65,241 
Send ea (reported) short tons. . 976,644 932,855 0,565 564,187 152,581 
. (apparent |... do- 1,017,559 897,572 618,493 613,705 743,431 

Domestic mines: 
rude uou es eA eg do— 213,204 200,698 164,094 Ww W 
Finished POI ront pte do.... 8,930 12,924 10,816 W 
Consumer do... 182,853 216,207 207,880 99,253 120,267 
World: Production CC e do- 15,518,529 75, 463,153 4,840,511 74,738,286 5,070,012 

“Estimated. Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data. 


1Does 175 include fluosilicic acid (HaSi Fe) or imports of hydrofluoric acid (HF) and cryolite. 


. i.f. U.S. port. 


SA cerent consumption includes finished shipments plus imports, minus exports, plus adjustments for Government 


and industry stock changes. 
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Legislation and Government Pro- 
grams.—At yearend, the National Defense 
Stockpile inventory was unchanged from 
1983 levels at 895,983 short tons of acid 
grade and 411,738 tons of metallurgical 
grade. The stockpile goals for fluorspar 
remained at 1.4 million tons for acid grade 
and 1.7 million tons for metallurgical grade. 
Fluorspar continued to be listed as a priori- 
ty material to be acquired. 

The national stockpile purchase specifi- 
cation for metallurgical-grade fluorspar, 
which was published by the U.S. Depart- 
ment of Commerce with the approval of the 
Federal Emergency Management Agency, 
was revised effective May 10 and supersed- 
ed Specification P-69b-R2 dated January 2, 
1976. 

The ban continued on the sale and manu- 
facture of “nonessential” aerosol products 
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containing chlorofluorocarbons (CFC). The 
ban was instituted in 1979 because of the 
uncertainty of the role of CFC in the deple- 
tion of stratospheric ozone. 

As in previous years, a 22% depletion 
allowance was granted against Federal in- 
come tax applied to the mining of domestic 
fluorspar compared with a 14% allowance 
for foreign production. 

U.S. import duties remained in effect for 
all grades of fluorspar. The duty was $1.875 
per ton for acid grade and 13.5% ad valorem 
for ceramic and metallurgical grades. A bill, 
H.R. 2947, which had been introduced in the 
U.S. House of Representatives in 1983, to 
suspend the duty on all grades of imported 
fluorspar, was dropped from consideration 
after written comments from the public 
were accepted. 


DOMESTIC PRODUCTION 


Illinois remained the leading producing 
State, accounting for more than 90% of all 
U.S. shipments. Data on shipments of 
fluorspar by State and grade were withheld 
to avoid disclosing company proprietary 
data. 

Ozark-Mahoning Co., the Nation’s largest 
fluorspar producer, operated mines and 
plants in Pope and Hardin Counties, IL. The 
Hastie Trucking and Mining Co. operated 
near Cave-In-Rock, IL. The Inverness Min- 
ing Co.’s mines near Cave-In-Rock remained 
closed, and after 2 years of maintenance 
pumping and ventilating, the underground 
equipment was removed and the mine al- 
lowed to flood. The drying facilities were 
operated using foreign fluorspar. 

In the West, J. Irving Crowell, Jr. and 


Sons shipped metallurgical-grade fluorspar 
from the stocks of its Crowell-Daisy Mine in 
Nye County, NV, as did D & F Minerals Co. 
from its Paisano Mines, south of Alpine, 
TX. | 

Reported shipments of fluorspar briquets 
for use in steel furnaces decreased 8% to 
approximately 68,000 tons. Fluorspar bri- 
quets were produced by two plants owned 
by Cametco Inc., one plant owned by Mer- 
cier Corp., and one plant owned by Oglebay 
Norton Co. | 

Sixteen plants processing phosphate rock 
for the production of phosphoric acid and 
two plants producing HF sold or used 61,000 
tons of byproduct fluosilicic acid, which was 
equivalent to 107,000 tons of fluorspar, val- 
ued at $3.5 million. 


CONSUMPTION AND USES 


Acid-grade fluorspar, containing greater 
than 97% calcium fluoride (CaF), was used 
as feedstock in the manufacture of HF, the 
key ingredient in the manufacture of fluo- 
rine chemicals for the aluminum, fluoro- 
chemical, and uranium industries. Ceramic- 
grade fluorspar, containing 85% to 95% 
Ca Fa, was used in the ceramics industry for 
the production of glass and enamel, to make 
welding rods, and as a flux in making steel. 
Metallurgical-grade fluorspar, containing 
60% to 85% or more CaF,, was used primar- 
ily by the iron and steel industry as a flux. 

Reported domestic consumption of fluor- 
spar increased 33% because of a large 
increase in the production of HF and iron 
and steel castings. The increase in consump- 


tion for welding rod coatings was a result of 
improved Bureau of Mines coverage of that 
end use. The HF and steel industries ac- 
counted for 70% and 27%, respectively, of 
reported consumption. According to the 
American Iron and Steel Institute (AISD, 
raw steel production increased 8% to 91.5 
million tons. A comparison of AISI data 
with fluorspar consumption data collected 
in the Bureau of Mines canvass of U.S. steel 
producers shows, on the average, a decreas- 
ing rate of fluorspar consumption per ton of 
raw steel produced during 1982-84. On the 
basis of furnace type, the average fluorspar 
consumption per ton of raw steel was as 
follows: 
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Fluorspar consumption 


Type of furnace (pounds per short ton) 
1982 1983 1984 
Open hearth- ---------- 9.89 6.44 8.61 
Basic oxygen 5.65 4.19 3.99 
Electric 3.69 3.80 2.94 
Industry average 5.43 4.30 4. 


Steel production in open-hearth furnaces 
showed an increasing rate of fluorspar con- 
sumption in 1984. 

In the ceramics industry, fluorspar was 
used as a flux and as an opacifier in the 
production of flint glass, white or opal glass, 
and enamels. Fluorspar was used in the 
manufacture of glass fibers, aluminum, ce- 
ment, and brick, and was also used in the 
melt shop by the foundry industry. 

Seven companies produced HF in seven 
plants. The U.S. Department of Commerce, 
Bureau of the Census, reported that anhy- 
drous HF "produced and withdrawn from 
the system" was approximately 168,100 
tons, compared with 180,000 tons in 1983. 

Allied Chemical Co. closed its acid plant 
in Nitro, WV, which had produced HF since 
1958. The facility had an annual capacity of 
12,700 tons anhydrous HF and 14,000 tons 
of 70% HF. It was continuing in use as a 
shipping terminal for HF. Allied's Gismar, 
LA, plant was expanded to a capacity of 
95,000 tons anhydrous HF and 14,000 tons 
of 70% HF. 

CFC production, by five companies, was a 
major end use of HF. According to U.S. 
International Trade Commission data, pro- 
duction of trichlorofluoromethane (F-11) in- 
creased 15% to 92,600 tons; dichlorodi- 
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fluoromethane (F-12) output increased 15% 
to 169,900 tons; and chlorodifluorometh- 
ane (F-22) production increased 8% to 
127,600 tons. 

Another major use of HF was in the 
synthesis of fluorine chemicals used in alu- 
minum reduction cells. An estimated 40 to 
60 pounds of fluorine was consumed for 
each ton of aluminum produced. Aluminum 
fluoride was used by aluminum producers 
to lower the melting point and increase the 
conductivity of electrolytes in the smelting 
process. It was also used as a flux ingredient 
for the removal of magnesium in the refin- 
ing of aluminum scrap. Aluminum fluoride 
was used by the ceramic industry for some 
body and glaze mixtures and in the produc- 
tion of specialty refractory products. It was 
used in the manufacture of aluminum sili- 
cates and in the glass industry as a filler. 
The U.S. Department of Commerce reported 
that aluminum fluoride production was 
84,234 tons in 1982. Production data since 
then have been withheld to avoid disclosing 
company proprietary data. 

HF was consumed in concentrating urani- 
um isotope 235 for use as nuclear fuel. It 
was also used in stainless steel pickling, 
petroleum alkylation, glass etching, oil and 
gas well treatment, and in the manufacture 
of a host of fluorine chemicals used in 
dielectrics, metallurgy, wood preservatives, 
pesticides, mouthwashes and decay-pre- 
venting dentifrices, plastics, and water fluo- 
ridation. 

Fluosilicic acid was used primarily in 
water fluoridation, either directly or after 
being processed to sodium silicofluoride, 
and by the aluminum industry. 


Table 2.—U.S. consumption (reported) of fluorspar, by end use 


(Short tons) 
Containing more Containing not 
„than 91% more than 91% "Joc 
calcium fluoride calcium fluoride 
End use or product (CaF 2) (CaF a) 
1983 1984 1983 1984 1983 1984 

1 acid (HE) oct Lnd 360,832 530,527 2 -. $60,832 530,527 
Glassandfiberglass |... 4,063 4,952 1,628 846 5,691 5,798 
Enamel and potter W ao 1,227 1,619 1,227 1,619 
Welding rod coatings __ ss 475 8,414 1,282 2,600 1,757 11,014 
Primary aluminum and magnesium S m W et W 8 
Iron and steel castings - sss eu 924 16,882 15,591 16,882 16,515 
Open-hearth furnaces W MS 19,174 35,893 19,174 35,893 
Basic oxygen furnaces — -. 109,084 105,253 109,084 105, 253 
Electric furnaces _____________________-_ 16,442 2,021 32,094 42,597 48,536 44,618 
Other at en es 88 114 NOM 890 1,344 1,004 1,344 
111i eo Et e 381,926 546,838 182,261 205,743 564,187 752,581 
Stocks, Dec. 1 — j 46,493 10,446 52,760 49,821 99,253 120, 267 


W Withheld to avoid disclosing company proprietary data; included with Other.“ 
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Table 3.—U.S. consumption (reported) of subacid grades of fluorspar in 1984, by end use 


(Short tons) 
Containing not more than 97% calcium 
fluoride (Ca Fa) 
End use or product * » 
Flotation Lump or Briquets or 
concentrates gravel pellets 
Chemicals and allied products: Welding flunes 2,600 ie zd 
G -— ceramic, bricks: 
Dum i Na ta ees wg ͤ=0ĩ PEE A ⁊ð ĩ 813 33 pias 
Other glass, clay produ et? 1,619 ae oe 
Primary metals: 
Iron and steel foundries _______________________-_--__~- 38 15,003 550 
Steel mills: 
Basic oxygen furnaces sss 44„ 2,516 51,360 45,317 
Electric furnaces _______-__________ ~~ „ 931 41,335 331 
Open-hearth furnaces ---------------------—----—-- 1,272 31,559 3,062 
Other identified end uses 93 1,251 EPA 
P/ö. eser Du MR e E emt 9,942 146,541 49,260 
Table 4.—U.S. consumption of fluorspar (domestic and foreign), by State 
(Short tons) 
State 1983 1984 
Alabama, Kentucky, Tennessee „„ 62, 829 68,643 
Arizona; Colorado; Utah ———— ³WAöA. ö e uu dus 8,033 12,141 
Arkansas, Kansas, Louisiana, Missouri ~ - ---------------------------———- 25,355 161,450 
Cahforhid- luu . ß W 
Connecticut, Massachusetts, New York, Rhode Island daga 9,577 6,540 
ITO ERREUR ROOM Sa eee Se ae ee RE ß ß 8 12,561 10,747 
7h ⁵ð / ⁰ dd ele 31,608 37,919 
Michigan e t e iA a E te mE W 2,294 
IPC o nudo Vect e esc dd eee eL MR I dn DRE E eee W W 
r ↄðↄ /d a eI . MORD 54,088 12,123 
Oregon and Washington 2.64.6 ð³V ð oa W 
Pennsylvanil: ß ß ß eL eA Elea 40,949 54,950 
/ö%»ͤ !...... ß d y 264,097 218,128 
West Virginia moreno y k ⁰ S 23,971 14,480 
Other! o “I. ⅛ꝛ˙²“7n ¼m ML Lt Maud etc i d 31.113 31.966 
TOU lec A LEAL ͥ E Lm ³owmm 564,187 152,581 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
! Includes Iowa, Maryland, Virginia, Wisconsin, and data indicated by symbol W. 


STOCKS 


Fluorspar consumer stocks increased 21% 


to about 120,000 tons. 


PRICES 


Domestic producer prices of metallur- 
gical-grade and ceramic-grade fluorspar and 
fluorspar briquets reported in the Engineer- 
ing and Mining Journal (E&MJ) remained 
at 1983 levels. Reported prices of acid-grade 
fluorspar decreased by 4%. E&MJ yearend 
price quotations serve as a general guide 
but do not necessarily reflect actual trans- 
actions. 


Yearend price quotations in the Chemical 
Marketing Reporter (CMR) were $0.6875 
per pound for anhydrous HF and $43.00 per 
100 pounds for aqueous HF, 70%, in tanks. 
The CMR yearend price for cryolite was 
$550 per ton. CMR yearend price quotations 
for fluosilicic acid were $151.00 per ton for 
15-gallon drums, 30% basis, and Vid 10.00 per 
ton for tanks, 23% basis. 
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Table 5.—Prices of domestic and imported fluorspar 
(Dollars per short ton) 


Domestic, f.o.b. Illíinois-Kentucky: 


Metallurgical: 70% effective Ca Fa briquets 


Ceramic, variable calcite and silica: 


88% to 90% CaF2---------------------- 
95% to 96% CaF2---------------------- 
r ⁰ mo 8 


Acid, dry basis, 97% CaFa: 
Carloads 


Mexican: 
Metallurgical: 


10% effective Ca Fa, f.o.b. vessel, Tampico |... 
10% effective Ca Fa, f.o.b. cars, Mexican border 
Acid, bulk: 97 + %, Mexican border 


88% effective Ca Fa briquets |... _ 
European and South African:! Acid, term contracts 


1983 1984 
33 8 125 125 
NO Gaeta C 100 100 
JS ² a ate ees det ut da 170 170 
3233 Sens eels oe latin 165-175 165-175 
TRE a OD, ett id ate 180 173 
23 Soe eh ea 8 179 179 
— — CO tence ed el a 140-180 140-180 
7 A ial TL 80.06 80.06 
33 SE BERE ONE 19.63 19.63 
NR TONNEN 108.33 108.33 


1C.i.f. east coast, Great Lakes, and gulf ports. 
?U S. import duty, insurance, and freight not included. 


Source: Engineering and Mining Journal, Dec. 1983 and 1984. 


FOREIGN TRADE 


According to Bureau of the Census data, 
U.S. fluorspar exports of all grades increas- 
ed 33% and had an average value of $105 
per ton. Synthetic cryolite exports decreas- 
ed 46% to 17,100 tons valued at $9.1 million. 

Imports for consumption of fluorspar in- 
creased by 55%. Acid-grade imports increas- 
ed by 35%, and imports of subacid-grade 
material increased by 167%. Imports from 
Mexico, the largest foreign supplier, were 
49% of the combined fluorspar total. The 
Republic of South Africa supplied 28%; 
China, 9%; Italy, 9%; and Spain, 5%. Small 


quantities were also imported from Canada, 
France, and the Federal Republic of Ger- 
many. 

Imports for consumption of HF increased 
2590 to a quantity equivalent to about 
172,000 tons of fluorspar. Imports for con- 
sumption of natural and synthetic cryolite 
increased 216% and had an average value 
of $578 per ton. Cryolite imports represent- 
ed 27,000 tons of equivalent fluorspar. Cana- 
da, the primary supplier, increased its share 
of the U.S. cryolite import market from 
20% to 61%. 


Table 6.—U.S. exports of fluorspar, by country 


Country 


Dominican Republic l 
Germany, Federal Republic oH 


Leeward and Windward Islands __________________ 


Mexico 


United Kingdom _______________~___________- 
Wel! ee te oe 


1983 1984 
Quantity Quantity 
(short tons) Value (short tons) Value 
es 26 $2,61 PM oe 
m 8,516 855,119 11,863 $1,188,601 
pu 16 3,264 A "m 
e 9 880 mes 1 
"— 47 16,618 317 82,759 
t 19 1,920 "t Ec 
"NS 31 1,310 e EN 
M 9 873 es EM 
d 477 65,163 es um 
E 15 1,480 af T 
PP 71 1,028 86 21,066 
m 9,236 962,334 12,266 1,292,426 
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Table 7.—U.S. imports for consumption of fluorspar, by country and customs district 


1983 1984 
Der Value Value 
Country and customs district Quantity (thousands) Quantity (thousands) 
(short tons !:! ʒ2m ——— (short tons 
Customs C. i.f. Customs C. i. f. 


CONTAINING MORE THAN 97% CALCIUM FLUORIDE (CaFz) 


Canada: 
Detroit --—-----------—- Em ne TN 259 $25 $25 
Laredo uh M S" 81 6 6 
Total. «onn meme M KE A 340 31 81 
China 
Baltimore a: 39 11 
Houston $666 $710 = oe MRA 
Tt“... 5,953 666 710 39 6 11 
Denmark: Detroit 4, 630 283 285 AME Ee: M 
France: Houston 250 63 83 113 28 37 
Italy: Houston 37,042 4,186 4,786 61,619 6,318 7,825 
Mexico: 
El Paso 76,254 7,781 7,781 90,738 8,219 8,219 
Laredo 83, 386 7,783 7 788 120,437 11.125 11.125 
New Orleann ss 15,476 1.673 1. 804 15,612 1.509 1,646 
Total. — ee 175,116 17,231 17,368 226,181 20,853 20,990 
Morocco: New Orleans 19,761 2,910 3,129 a e C 
South Africa, Republic of: 
Houston 21,302 1,841 1,504 44,615 3,344 3,656 
New Orleans 87,312 8,675 10,132 140,096 12,675 14,833 
Philadelphia 4,641 500 530 9,958 900 959 
Total .___---------— 113,255 10,516 12,166 194,729 16,919 19, 448 
Cleveland - 18,749 1,672 1,917 20,648 1,667 2,211 
Palo —— k m 88 1 (1) (1) LE ae "M 
New Orleans 10,381 942 1,050 17,173 1,599 1,803 
Totals so 29,131 2,614 2,967 37,821 3,266 4,014 
Grand total. |... 385,138 38,475 41,494 521,448 47,421 51,856 
CONTAINING NOT MORE THAN 97% CALCIUM FLUORIDE (CaF 2) 
Canada: 
Buffalo a 3 E 425 39 39 
Detroit! acu "n DM 177 12 12 
rr ( er es es x 602 51 51 
China: 
Baltimore ||... 7,737 462 745 30,473 2,064 2, 460 
New Orlenn s 16,639 925 1,020 20,602 1,052 1,409 
San Francisco... M ene ous 11,453 753 966 
Cin te non a te 24,376 1,387 1,765 62,528 3,869 4,835 
Germany, 1 Republic of: 
EE E EEE Moe oh eer, E cpu: ie 11 5 3 
Italy: ny Angeles 77700 MES zx Pu 23 T 9 
Mexico: 
Buffalo PE hr oe 401 42 42 
Detroit ß Z 2,544 202 202 
El Paso 11.024 659 659 16,699 796 796 
Laredo ..—— eme. 12,010 1,086 1,086 39,097 3,067 3,067 
New Orleans |... ......- ,546 ,606 2,005 50,120 3,136 3,425 
Philadelphia Sen e T 1,445 652 125 
San Diego 220 23 23 ford e zs 
rf! Rees 43,800 3,374 3,773 116,306 7,895 8,257 
South Africa, Republic of: 
New Orleans | — ae " 2,193 190 230 
Grandtotal. 68,176 4,161 5,538 182,263 12,017 13,385 


1Less than 1/2 unit. 
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Table 8.—U.S. imports for consumption of hydrofluoric acid (HF), by country 
1983 1984 
Country Quantity Value, c.i.f. Quantity Value, c.i.f. 
(short tons) (thousands) (short tons) (thousands) 
Canada. 4.23 ee ee Es 31,709 $31,512 43,441 $36,644 
France 2n a s uum ES eue es AT es 17 14 
55 Federal Republic o (1) 1 56 82 
. -! 2,990 2,546 4,422 3,429 
Korea, Republic of . |... _ 17 14 m -— 
8 Sas ONT ĩð ee EUR DUE 56,232 45,194 66,399 60,694 
ö§?ẽ! ͤ VVV x ĩ 568 443 35 29 
nited Kingdom 50 43 61 48 
Total ͤ˙¹¹¹w- 0 = rn ew 91,566 79,153 114,431 100,940 
1Less than 1/2 unit. 
Table 9.—U.S. imports for consumption of cryolite, by country 
1983 1984 
Country Quantity Value, c.i.f. Quantity Value, c.i.f. 
(short tons) (thousands) (short tons) (thousands) 
Brażil Ar! ³¹ A E za 17 $12 
Canada. e et 1,437 $816 18,883 7,079 
e ees ee 92 53 19 10 
Denãmm ak eee es 2,390 1,756 2,724 2,018 
FFF eee ee eS us TN 256 295 
Germany, Federal Republic off 62 25 444 377 
nes Pee RRR i NE PEDE is see 65 61 
)) Ne ERE OES Pea een ae AS 2,395 1,853 3,663 2,554 
Netherlands 2d MUR eh Mad a 102 81 72 
Nh ³o˙»¾W.. A 36 13 —— NE 
United. Arab Emirates FS — 830 446 
United Kingdom 685 187 723 200 
Total ot !] A —— 1,199 4,184 22,122 13,124 
WORLD REVIEW 


Canada.—Feasibility and environmental 
studies were being conducted on Eaglet 
Mines Ltd.'s Quesnet Lake property in Brit- 
ish Columbia as assessment and develop- 
ment continued on the large, low-grade 
deposit. The property reportedly contained 
recoverable fluorspar, lead, molybdenum, 
silver, and zinc. 

Minworth Ltd., a British firm, continued 
development work to reopen the fluorspar 
mine near St. Lawrence, Newfoundland. 
The mine was last operated in 1977 by the 


St. Lawrence Corp. and Newfoundland 
Fluorspar Ltd., formerly a subsidiary of 
Aluminum Co. of Canada Ltd. 

Mexico.—In March, Industrias Pefioles 
S.A. de C.V. (PENOLES) closed the El 
Refugio Mine and associated processing 
plant at Ciudad Fernandez. The operation 
was controlled by a PENOLES. subsidiary, 
Cía. Minera Río Colorado S.A. 


! Physical scientist, Division of Industrial Minerals. 


Table 10.—Sales of Mexican fluorspar, by grade 


(Short tons) 
Grade 1980 1981 1982 1983 1984 
/ ¹ðꝗꝗꝓ] ͥͥͥ ·˙’oÜö¹¹¹A ³owm 564,608 532,765 338,732 339,740 507,250 
COTE alc a ⁵ĩð.dàd w; y 96,167 100,511 27, 202 49, 182 54 518 
SAONE JJ) ³VWQW er ⁰⁰ʒ 8 312, ru th 121 120, 478 116, 944 229, 892 


116,080 93.367 116,867 


— a a — — — ca — wre ae — ue —— — — —— — T — a A — —ꝝ ae — e a —ᷣ̃ — a — 


Source: Instituto Mexicano de la Fluorita A.C. 
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Table 11.—Fluorspar: World production, by country! 


(Short tons) 

Country? and grade? 1980 1981 1982 1983P 1984* 
Argentina 17.050 22,878 26.155 31.950 31,000 
Hr " ata ead 

ag Oa at hn ahs es a Ps eee ae 36,078 39,932 35,274 47,399 49,600 
vA ied ! 24, 956 19,184 20,944 28,660 33,000 
l. ³Ü¹ AAA 61,034 59,116 56,218 16,059 82,600 
China:“ 
Acid gradſduũſ pk; 88,000 88,000 88,000 7110,000 110,000 
Metallurgical grade 440,000 440,000 440,000 440,000 606,000 
%//ôöÜài btt 528,000 528,000 528,000 "550,000 716,000 
Czechoslovakia“ _____________________ 106,000 106,000 106,000 106,000 106,000 
Egypt ETE d 1,931 590 99 13 55 
France: 
Acid and ceramic grade 178,133 185,960 177,125 155,957 154,000 
Metallurgical grade 106,814 96,452 90,825 60,488 61,000 
Total. oU ³ . e ADU os 284,947 282,412 268,550 216,445 215,000 
German Democratic Republic ------—- 110,000 110,000 110,000 110,000 110,000 
Germany, Federal Republic of (marketable) ........ 86,148 179,155 86.685 88,964 89,000 
G nl a Si Eie 440 *322 330 330 330 
India: 
Acid grade xn luec 13,612 14,711 13,676 r €12,000 13,000 
Metallurgical grade 5,301 5,924 6,294 r €5,000 6,000 
JJ/;§—·êö 18,913 20,635 19,970 r €17,000 19,000 
Italy: 
Acid grade 137,540 142,019 147,850 141,117 154,000 
Ceramic grade ,060 A ae = eats 
Metallurgical graden 28,912 39,018 36,180 54,691 55,000 
Total tuno eue ͤQ AA gw 167,512 181,037 184,030 195,808 209,000 
Kenya: Acidgrade. 22... 102,932 105,849 97,804 65,129 55,000 
Korea, North: Metallurgical grade 44,000 44,000 44,000 44,000 44,000 
Korea, Republic of: Metallurgical grade 7,619 7,125 4,042 7,012 4,400 
Mexico: 
Acid grade ——— ͤ — — als 542,331 559,973 450,845 448,640 1319,125 
Ceramic grade -—— 4. o ee 114,640 119,049 59,525 50,706 *40,307 
Metallurgical grade 330,693 338,409 182,983 80,469 *235,079 
Submetallurgical grades 231,485 212,146 116,845 87,082 *115,878 
TOU 2 - 71,219,155 71,230,177 810,198 666,897 770,989 
Mongolia: Metallurgical grade? |... 666,000 656,000 739,000 ™772,000 772,000 
Morocco: Acid grade 70,989 73,524 55,336 66,469 ,000 
Pakistali-. on Ai... ĩ³ 8 1.305 391 903 434 550 
Romania: Metallurgical grade 22,000 22,000 22,000 22,000 22,000 
South Africa, Republic of: 
Acid grade uus E ete ies 8 517,735 497,819 323,882 263,600 306,400 
Ceramic grade cc ee 9,798 6,744 10,613 7, 300 5,000 
Metallurgical grade 48,664 42,158 30,188 *31,200 43,000 
l 3 et ae DRE 576,197 547,321 364,683 *302,100 354,400 
E 7h im ADSL LU 225,528 235,471 173,289 210,265 215,000 
tallurgical grade _--------------—- 44,261 47,963 40,868 45,840 ,000 
/ eerie eu f AC E 269,789 283,434 214,157 256,105 265,000 
Thailand: 
Acid grade 66,258 60,827 89,314 51,466 55,000 
Metallurgical grade 190,461 173,405 194,099 176,324 187,000 
!!!! eh ars a te bs 256,719 234,232 283,413 227,790 242,000 
Tunisia: Acid grade 43,487 38,409 36,607 37,493 39,000 
Turkey: Metallurgical grade______________ 2.144 2.189 €2.200 €2,200 2,200 
MS GR -2 513,000 585,000 595,000 595,000 606,000 


See footnotes at end of table. 
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Table 11.—Fluorspar: World production, by country! —Continued 


(Short tons) 
Country? and grade? 1980 1981 1982 1983P 1984* 

United Kingdom: 
Acid grade -_—------------------—- 151,016 97,000 NA NA NA 
Meta ue dran grade ~- --—------------- 11,023 5,512 NA NA NA 
Unspecified - - -------------------- 26,455 25,353 NA NA NA 
! AA 188,494 127, 865 108,026 220,000 176,400 
United States (shipment _~- 92,635 115,404 77,017 *61,000 72,000 
Hr ͤ˙’¹irwwn.. mqʒmʒg 88 89 r88 88 88 88 
Grand total ____________-_-_--~- r5,518,529 15,463,153 4,840,511 4,138,286 5,070,012 

*Estimated. Preliminary. Revised. NA Not available. 


Table includes data available through May 7, 1985. 


3In addition to the countries listed, Bulgaria is believed to have produced fluorspar, but production is not officially 
reported, and available information is inadequate for the formulation of reliable estimates of output levels. 

An effort has been made to subdivide production of all countries by grade (acid, ceramic, and/or metallurgical). Where 

this information is not available in official reports of the subject country, the data have been entered without qualifying 


notes. 
*Reported figure. 


5Same grade range as metallurgical but primarily contains greater quantities of silica impurities. 
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Gallium 


By Deborah A. Kramer! 


Gallium metal was used in the United 
States primarily to produce gallium com- 
pounds for use in solid-state electronic de- 
vices. The increase in domestic consumption 
of gallium was met by increased imports 
and withdrawals from consumer stocks. 

Domestic Data Coverage.—Domestic con- 
sumption data for gallium are developed by 
the Bureau of Mines from a voluntary 


survey of U.S. operations. Of the 40 oper- 
ations to which a survey request was sent, 
20 responded, representing 30% of the con- 
sumption shown in tables 1, 2, and 3. Con- 
sumption for the 20 nonrespondents was 
estimated using import data and informa- 
tion on production and domestic consump- 
tion trends. 


Table 1.—Salient U.S. gallium statistics 


(Kilograms unless otherwise specified) 


1980 1981 1982 1983 1984 
Production 111! ae NA NA NA NA NA 
Imports for consumption 6,175 5, 536 5,199 7,294 9,669 
Consumptioaunlihnhhhk k 8.810 6,810 6,660 6,425 1,060 
Price per kilogram- „ $510-$630 $630 $630 $525 $525 
NA Not available. 
DOMESTIC PRODUCTION 


Eagle-Picher Industries Inc. was the sole 


"^. U.S. producer of primary gallium metal. 


Gallium was recovered from residues from 
zinc production at the company's plant in 
Quapaw, OK. 

Musto Explorations Ltd., a Canadian firm 
in Vancouver, British Columbia, continued 
to develop an abandoned copper mine near 
St. George, UT, for recovery of gallium and 
germanium. The plant was expected to 


produce 10,000 kilograms of 99.9%-pure gal- 
lium per year and was expected to come on- 
stream in May 1985. Musto reported that it 
was stockpiling underground dump ore left 
by a previous owner. In addition, Musto 
announced that underground development 
and mine rehabilitation were started, and 
construction began on the tailings pond and 
processing buildings.? 


CONSUMPTION 


Domestic gallium consumption increased 
moderately from that of 1983. The increase 
in demand for gallium for light-emitting 
diodes (LED) and research and development 
was met in part by withdrawals from 
inventories. 


Gallium arsenide continued to receive 
attention during the year from research 
and development because of its application 
in semiconductors. Rockwell International 
and Honeywell Inc. announced plans to 
construct new facilities for manufacturing 
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gallium arsenide integrated circuits for 
space and other military applications. Rock- 
well's $15 million production facility report- 
edly will produce both digital circuits and 
monolithic microwave integrated circuits. 
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Honeywell’s $10 million plant will accom- 
modate a pilot production line for gate 
arrays. Both companies operated gallium 
arsenide integrated circuit production facil- 
ities during the year. 


Table 2.—U.S. consumption of 
gallium, by end use 


(Kilograms) 
End use 1982 1983 1984 
Specialty alloys 27 43 42 
Electronic!!! 6,136 5,915 6,320 
Research and development 440 410 641 
Unspecified - - --- ------ 5T 57 57 
F! ee ena 6,660 6,425 7,060 


1Light-emitting diodes, semiconductors, and other 


electronic devices. 


Table 3.—Stocks, receipts, and consumption of gallium! 


(Kilograms) 
m IINE" ET 
1983: 

97.0% to 99 dg? ð K ee en dd cues 106 48 45 109 
hh ³owww a ⁰⁰yʒ Peon 4 14 14 4 
2 w 8 5 19 4 
99. 9999% to 99.99999ᷣꝶ7?ſDſſ·hheehbd 222-2-2- 1,740 6,368 6,346 1,762 
Total oec d ⅛˙ͤ ĩðͤ1̊ ß met SEE 1,855 6,449 6,425 1,879. 

1984 
97.0% to gd g,, Se eee eh eee Ss 110 39 44 105 
LL RECRUIT ͤ ⁰mʒ 38! 4 254 254 4 
J)) ie LE e taU Ee. | 4 20 20 4 
99. 9999 % to 99.99999% __ 22-2- 1,712 5,735 6,742 705 
Totalen a e ⅛ HK ĩð Bl UE EA LEY | 1,830 6,048 1,060 818 

1Consumers only. 


2Ending stocks for 1983 do not equal 1984 beginning stocks because of reported beginning stock adjustments. 


PRICES 


Throughout the year, the American Met- 
al Market (AMM) quoted a price of $525 per 
kilogram for 99.99999%-pure gallium metal 
in 100-kilogram lots. At yearend, prices for 
the following gallium materials were pub- 
lished by AMM, in dollars per kilogram: 


gallium metal, 99.99% pure, in 100-kilo- 
gram lots, $435; gallium metal, 99.9999% 
pure, imported, $460 to $480; gallium oxide, 
99.99% pure, imported, $380 to $400; and 


gallium oxide, 99.999% pure, $415. 


FOREIGN TRADE 


Export data on gallium were combined 
with data for other metal exports by the 
Bureau of the Census and could not be 
separately identified. Gallium metal and its 
compounds were exported in the form of 
electronic and electrical components. 

Imports of gallium waste and scrap and 
metal increased significantly over those of 
1983. Switzerland, France, and the Federal 
Republic of Germany, in declining order, 
were the primary import sources, account- 


ing for over 80% of U.S. imports. The 
average value of imported gallium declined 
from $438 per kilogram in 1983 to $419 per 
kilogram in 1984. 

Beginning January 1, 1984, import duties 
for gallium compounds and gallium metal 
(TSUS 423.00 and TSUS 632.24, respective- 
ly), were 4.2% ad valorem for most favored . 
nations (MFN) and 25% ad valorem for non- 
MFN. 


GALLIUM 


Table 4.—U.S. imports for consumption of gallium 
(unwrought, waste and scrap), by country 


Country 


E ³ nos e A eur y ue thee 
Germany, Federal Republicof. 2s... 
PLUMS QTY 2 ceu a ht oe eris fee tec Ei 
Japan JJC ͤ ͤ EOD IE 
Nenn”, da une uu 
New Zealand MER PENES 
Switzerland... ·o¹¹ eee EE 
United Kingdom _____.~_______________-_____- 
Other 0e C0 AAA,. ³o»w¹m ĩðͤ 
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1983 1984 

Kilograms Value Kilograms Value 
279 $130,640 1 $440 
e 500 157,264 400 154,696 
829 304,334 2,449 997,182 
Eds 918 415,094 1,554 575,790 
Es MT - 168 61.430 
M 146 62,465 89 40,311 
-— ecd — 131 49,120 
e sue Sa 132 53,030 
MER 4,154 1,956,778 4,088 1,938,711 
NT 468 168,001 651 176,802 
Fes aus AT 6 2,513 
em 1,294 3,194,576 9,669 4,050,031 


WORLD REVIEW 


Data for world gallium production were 
not reported, but world production and 
consumption of gallium were believed to 
have increased from that of 1983. 

Hungary.—The Hungarian Clay and Alu- 
minum Works in Ajka was estimated to 
have produced 3,000 kilograms of gallium in 
1984. Most of the gallium was exported to 
Japan for use in the electronics industry.‘ 

Japan.—Production of gallium metal in 
Japan was estimated to be 19,000 to 20,000 
kilograms, with 5,000 to 6,000 kilograms 
obtained from scrap. Reportedly, owing to 
increased demand for LED, demand exceed- 
ed production by Japan’s two producing 
companies, Sumitomo Chemical Co. and 
Dowa Mining Co. Ltd. Sumitomo announced 
that test operations at its new Niihama 


plant on the island of Shikoku, which re- 
covered gallium from bauxite, were com- 
pleted early in the year, but the plant did 
not reach its full capacity of 8,000 kilograms 
until October. Dowa was believed to have 
produced about 6,000 kilograms of metal. 
Reportedly, metal imports from China, 
Czechoslovakia, France, and the Federal 
Republic of Germany supplied part of Ja- 
pan’s gallium demand. 

Sumitomo Electric Industries Ltd. an- 
nounced that it had opened a new fully 
automated gallium arsenide manufacturing 
facility in Itami. The new facility, combined 
with existing facilities in Itami, was design- 
ed to produce 10,000 kilograms of gallium 
arsenide per year. 


TECHNOLOGY 


Harris Microwave Semiconductor Inc., a 
subsidiary of Harris Corp., announced the 
first commercially available gallium arse- 
nide digital integrated circuits. The gallium 
arsenide integrated circuits, a shift register 
and a binary counter, reportedly operate 
five times faster than the fastest silicon 
equivalent. Applications for the new chips 
include test instrumentation and telecom- 
munications equipment.“ 

Scientists at General Electric Co. an- 
nounced the fabrication of an experimental 
gallium arsenide semiconductor power 
diode. The device dissipates less power and, 
consequently, requires a smaller heat sink 
because of its high switching speed. Accord- 
ingly, the size and weight of solid-state 
power supplies for computers would be less 


if the experimental device is used. A propri- 
etary technique for preparation of the diode 
was developed that reduces contaminants to 
less than 10 parts per billion.’ 

A review of recent developments in gal- 
lium arsenide technology was published.* 


Physical scientist, Division of Nonferrous Metals. 

?The Northern Miner. Musto Developing Apex Mine for 
1985 Production Start. V. 70, No. 42, Dec. 27, 1984, pp. 1, 6. 

3Solid State Technology. V. 27, No. 7, July 1984, p. 34. 

*Mining Journal. V. 303, No. 7769, July 13, 1984, p. 27. 

5Metal Bulletin. Gallium Demand Surges in Japan. 
No. 6945, Dec. 12, 1984, p. 13. 

$SAmerican Metal Market. Harris has First Commercial 
ICs Based on Gallium Arsenide. V. 92, No. 35, Feb. 20, 
1984, p. 21. 

"Solid State Technology. Semiconductor Power Diode. 
V. 27, No. 5, May 1984, p. 62. 

3Robinson, P. Gallium Arsenide Chips. Byte, v. 20, 
No. 12, Nov. 1984, pp. 211-227. 
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Gem Stones 


By J. W. Pressler! 


The value of gem stones and mineral 
specimens produced in the United States 
during 1984 was estimated to be $7.5 mil- 
lion, virtually the same as that of 1983. 
Turquoise and peridot production decreased 
while tourmaline, sapphire, and opal pro- 
duction increased. Amateur collectors 
accounted for much of the activity in many 
States. Small mine operators produced jade, 
opal, sapphire, tourmaline, and turquoise, 
which they sold mainly to wholesale and 
retail outlets, in gem and mineral shops, 
gem shows, and to jewelry manufacturers. 


Domestic Data Coverage.—Domestic pro- 
duction data for gem stones are developed 
by the Bureau of Mines from the “Gem 
Stones" survey, a voluntary survey of U.S. 
operations. Of the 52 operations to which a 
survey request was sent, 44% responded, 
representing an estimated 60% of the total 
production indicated in the text. Production 
for the 29 nonrespondents was estimated 
using reported prior year production levels 
adjusted by trends in employment and 
other guidelines. 


DOMESTIC PRODUCTION 


Mines and collectors in 46 States pro- 
duced gem materials with an estimated 
value of $1,000 or more in each State. Ten 
States supplied 88% of the total value as 
follows: Arizona, $2.7 million; Nevada, $1.3 
million; California, $500,000; Montana, 
$450,000; Maine and Oregon, $400,000 each; 
Wyoming, $225,000; and Arkansas, New 
Mexico, and Washington, $200,000 each. 
Estimated production increased 67% in 
California, 5096 in Idaho and Montana, and 
8% in Nevada, but decreased 33% in Ore- 
gon, 20% in Maine, 10% in Wyoming, and 
4% in Arizona. 

Park authorities at the Crater of Dia- 
monds Park in Pike County, AR, reported 
that 85,000 people visited the park and 
recovered, by washing, screening, and pan- 
ning, 1,339 diamonds, an 11% decrease from 
that of 1983, with a total weight of 202 
carats. The largest was a 5.58-carat brown 
stone of good quality. The total diamonds 
recovered averaged 15 points (100 points 
equals 1 carat) compared with 21 points in 
1983. More small stones were found because 
of improvements in panning and screening 
equipment, especially the hemispherical 


"suruka" screen. The “dig for fee" oper- 
ations remained popular. | 

In Emerald Creek, ID, the U.S. Forest 
Service issued 753 permits to diggers and 
panners who found 1,800 kilograms of gem 
garnet, most of which was asteriated, with 
the balance faceting grade. The garnet area 
consisted of three gulches, with one being 
especially noted for large stones. The 15 
largest stones reported during the season 
varied from 50 to 500 grams. Because of the 
cold weather, the area was opened for about 
100 days from May to September. 

Exploration for diamondiferous kimber- 
lite in Wyoming was continued by Cominco 
American Incorporated and Superior Min- 
erals Co., working independently with the 
Geological Survey of Wyoming and the 
University of Wyoming, using remote 
sensing techniques. The Geological Survey 
of Wyoming also discovered a new kimber- 
lite district in the Pole Mountain region of 
the Laramie Range. Bulk sampling and 
testing of properties in the Colorado- 
Wyoming State line district indicated 
grades of 0.01 and 0.2 carat per short ton, 
with stones as large as 1 carat. 
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In upper Michigan and northwest Wis- 
consin, Dow Chemical Co., Exmin Corp., 
Anaconda Mining Co., and others conducted 
investigations and sampled kimberlites in 
Dickinson and Iron Counties, MI, and Flor- 
ence, Forest, and Pierce Counties, WI. 
Three small diamonds were found by a 
prospector in the Antigo area, Langlade 
County, WI, in glacial deposits. 

Alaska's first confirmed find of diamond 
occurred near Circle, AK, in 1982, while 
working a gold placer deposit. 

Montana continued to be the largest pro- 
ducer of gem-quality corundum in the 
United States. Intergem Inc. of Denver, CO, 
produced over 100,000 carats of corundum 
in 1984 from test operations of its properties 
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on Yogo Gulch, near Lewiston, Fergus 
County, MT. Some high-quality colored 
stones were recovered, including blue and 
alexandrite-like purple. Recoverable corun- 
dum content of the ore was less than 10 
carats per ton. After cutting, some of the 
larger sapphires were as much as 4 carats, 
but average cut stones, done in Bangkok, 
were only 20 points. Intergem was vertically 
integrated with its Yogo Mine, cutting and 
polishing of stones, and marketing of jewel- 
ry. In addition to Intergem, three other pay- 
as-you-dig or fee placer operations were 
active in Montana: Eldorado Bar and Cas- 
tle's Sapphire Mine near Helena, and Gem 
Mountain Sapphire Mine near Philipsburg. 


CONSUMPTION 


Domestic gem stone output went to ama- 
teur and commercial rock, mineral, and 
gem stone collections, objects of art, and 
jewelry. Value of apparent consumption 
(domestic production plus imports minus 
exports and reexports) increased 40% to 
$2,978 million. 

The sales value of jewelry containing 
pearls and diamonds increased 19%, with 
the Christmas trade being particularly 
good. Demand for small, lower quality goods 
was high, and the demand for larger stones 


of good quality was better than that in 1983. 

U.S. consumption of colored stones, led by 
emerald, ruby, and sapphire, increased sig- 
nificantly. Annual sales of emerald contin- 
ued to be almost equal to those of ruby and 
sapphire combined. The value of all im- 
ported gem stones, other than diamond, 
increased 28%, with other cut, set, and 
unset, principally cultured pearls, increas- 
ing 48%, followed by emerald with a 15% 
increase. 


PRICES 


The U.S. price of 1.0-carat, D-flawless, 
investment-grade diamond fluctuated be- 
tween $11,000 and $14,000 per carat, and at 
yearend was $12,750 per carat, a decrease 
of 6% for the year. However, only a few 
hundred of these perfect 1-carat stones have 
been available each year, and their value 


may have amounted to less than 0.246 of the 
total market. 

Prices for colored stones experienced lit- 
tle change during the year. 

The unit value of Colombian and Zam- 
bian emeralds continued at a median price 
of $1,400 to $1,500 per carat. 
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Table 1.—Prices of U.S. cut diamonds, by size and quality 


a Price range Median price per carat? 
Description, Clarity? 
Crab weignt clad! (GIA terms) rid ern December November 
1983 1984 

„ ta hae i eae cond s G-I VSI $400- $613 $490 $490 
, ß G-I Sli 400- 520 450 450 
0I | au coco conseto i aud tanus nes G-I VSI 450- 770 560 560 
/ ence a ee ean is G-I Shi 410- 610 475 475 
77ͥͤ]³Ü⁰ m ure M tr G-I VSI 700- 1, 300 835 835 
7/ôö; . 8 G-I Sli 500- 1,195 690 690 
hh. ⁰ AAA S G-I VSI 775 1, 470 965 965 
E. RPM G-I Sli 650- 1,350 770 770 
2½%%%;ößLw G-I VSI 875- 1,700 1.260 1.260 
)½½ôöÄ˙öĩ vli 8 G-I Shi 735- 1,570 1,050 1,050 
3 ĩðͤ bb G-I VSI 1,450- 2, 350 2, 000 2, 000 
„„ ĩ ͤͥᷣ e dE cendo Ets ei set at G-I Sl; 900- 1,845 1,545 1,545 
KN i PEE EEE EEE EEE G-I VSI 1,800- 3,010 2,900 2,900 
EL MEC. eC G-I Shi 1,400- 2,465 1,950 1,950 
1:00 1:199 itr entes ies ee D FL 11, 000-14, 000 13,500 12.750 
DD eas re ee edo e E VVS: 6,800- 8,200 7,500 1,500 
rr ᷣèͤ . e G VSI 3,500- 5, 200 4.200 4.200 
/ ³ĩÜ“ü AAT — P$" H VS2 2,400- 4,800 3,300 3,300 
m sette eee ee ry I Sli 2,000- 3,800 2,600 2,600 


1Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; and G-I—traces of color. 
"Clarity: FL—no blemishes; VVS,—very, very slightly included; VS,—very slightly included; VSe—very slightly 
included, but more visible; and Sl; —slightly included. 
3Jewelers' Circular-Keystone. V. 155, No. 2, Feb. 1984, p. 124, and v. 155, No. 12, Dec. 1984, p. 42. These figures 
represent a sampling of net prices that diamond dealers in various U.S. cities charged their customers during the month. 
The Diamond Registry Bulletin. V. 15, No. 1, Jan. 1984. 


Table 2.—Prices of U.S. cut colored gem stones 


. Median price per 
Carat Price range carat! ? 
Gem stone ight per carat 
weig in 1984 January November 
9 1984 

Ahhh a ah Li el E 10 $8- $24 $17 $17 
e ðv e A EE 5 75 210 150 150 
Ik o⅛¹ ü 8 10 8- 18 10 10 
Emerald: 

/// ⁰· m. (cn. my ee CR 1 900-1, 800 1.500 1,500 

nn,, ie es crete 1 750-2,200 1,400 1,400 

Commercial, 2d quality? __-__§_________________ 550-1,500 550 550 
Garnet, tsavorite __________________________- 1 350-1,100 125 125 
Ruby: 

Medium to better 1 500-2,200 1,200 1,200 

Commercial, 2d quality? ) / rr 1 330- 660 330 330 
Sapphire: 

Medium to better ____________________ Le 1 150-1, 500 100 100 

Commercial, 2d quality? _____________________ 1 220- 440 220 220 
Tanzan e oh oim ⅛˙—%/ẽ'ꝛĩ A a DAE A sid ees Dus 5 500- 950 762 762 
do) c!: | sp een ez an Oe m Ded i ee Rene Pte EE 5 80- 400 210 210 
Tourmaline, green. - - --------------—-————————— 5 60- 200 132 132 
Tourmaline, pin Kk. 5 50- 225 137 137 


! Medium to better quality. 

?Jewelers' Circular-Keystone. V. 154, No. 2, Feb. 1983, p. 87, and v. 155, No. 12, Dec. 1984, p. 44. These figures represent 
a sampling of net prices that colored stone dealers in various U.S. cities charged their cash customers during the month. 

The Gemstone Registry Bulletin. V. 2, No. 2, Jan. 1984, and v. 3, No. 1, Jan. 1985, p. 8. 


FOREIGN TRADE 


The declared customs value of U.S. im- valued at $2.6 billion. Imports in the over- 


ports of rough and polished natural dia- 
mond, excluding industrial diamond, in- 
creased 28% to $2.9 billion. Total polished 
diamond imports, principally from Belgium, 
32%; Israel, 26%; and India, 22%; were 


0.5-carat category, mostly from Belgium, 
36%; Israel, 24%; and Switzerland, 13%; 
increased 43% in value to $1.1 billion. 
Imports in the less-than-0.5-carat group, 
mostly from India, 36%; Belgium, 29%; and 
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Israel, 26%; increased 22% in value to $1.5 
billion. Imports of rough natural diamond, 
79% from the Republic of South Africa, 
increased 6% in caratage and 11% in value. 
A 3% decrease in South African carat 
value, from $336 to $325, was indicated. 

The total value of emerald imports in- 
creased 15% to $155 million. The total value 
of ruby imports increased 19% to $80 mil- 
lion, and sapphire imports decreased 3% to 
$83 million. Average carat value decreased 
45% for emerald to $35, influenced by large 
imports of cheap cut emeralds from India. 
Average carat values decreased 31% for 
ruby to $16 and 896 for sapphire to $23, both 
impacted principally by imports of cheap 
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goods from Thailand. 

Export value of all gem materials other 
than diamond decreased 20% to $53.6 mil- 
lion. Of this total, other precious and semi- 
precious stones, cut but unset, were valued 
at $27.7 million; other natural precious and 
semiprecious stones, not set or cut, $12.8 
million; synthetic gem stones and materials 
for jewelry, cut, $4.7 million; pearls, natu- 
ral, cultured, and imitation, not strung or 
set, $2.6 million; and other, $5.8 million. 
Reexports of all gem materials, other than 
diamond, increased 25% to $52.8 million. 
Reexport categories were precious and 
semiprecious stones, cut but unset, $33.3 
million, and other, $19.5 million. 


Table 3.—U.S. exports and reexports of diamond (exclusive of industrial diamond), 


by country 
1983 1984 
Country Quantity Value Quantity Value 
(carats) (millions) (carats) (millions) 
Exports: 
Belgium-LuxembourH· 103,106 $50.5 128,521 $65.0 
Canada umen RIAL ee EL e 16,134 10.0 19,043 11.0 
Franeee ee es ,094 9.9 2,153 1.1 
Germany, Federal Republic ooã⸗ᷣ ß 3,626 5.0 3.677 3.7 
Hong e. 8 58,851 87.0 63, 320 64.8 
I!!!! 8 75,092 39.2 101.532 53.0 
JEDE ls UR LL c RM E e 80,911 62.3 29,043 54.2 
SIBENDOIE - ee LL Lust HL cL. 5,996 11.5 3,734 9.2 
SSW er i i i ee 88 1,198 1.1 9 (4) 
Switzerland e eee eee ee eee 12,473 76.8 20,113 73.9 
1i’⅛ musicus Lacu 504 3.3 3,813 2.4 
United Arab Emiratenmnn -n 1,035 7 29 (4) 
United KingdoPſunrpPP!f if 5,441 9.5 5,707 14.2 
GMG. a 2,912 6.0 4,468 4.4 
z ⁵ ⁵ - 324,373 372.8 385,162 362.9 
Reexports: 
Belgium- Luxembourg 44 21,317,578 84.6 21,072,640 51.4 
OTN ss it ß y M i EE 10,145 1.7 1,834 6 
„ ß eee ee et ee EE 10,613 1 17,184 7 
Germany, Federal Republic olfÆÆ:EæaAl 25,919 2.2 32,530 1.5 
Hong ons uc ,800 28.0 271,244 17.6 
Indi cuz Ü!Oʃ¼½¼—T—¼—?ᷓ;ᷓ——??:ö— :..:... E 226, 987 6.1 228, 205 6.5 
1õöß; ⁵«*W . LL DE 212,557 34.7 126,400 26.3 
Japans fe es dies Sipe 66m. ee ee 92,934 11.0 98,398 8.5 
err i ct te ese ,A07 4.7 21,793 3.4 
Sill... ia 31.667 43.7 110,486 46.3 
United Kingdom !! 73,474 26.9 93,442 32.6 
/%öõöĩd otm y ʒyß 8 095 5.9 50,592 10.8 
/ EE UE te LL de 2,164,176 249.6 1,887,348 211.7 
1Less than 1/10 unit. 


2 Artificially inflated in 1983 by auction of a 


roximately 1 million carats of U.S. Government stockpile diamond stones 


with subsequent reexports as gem stones to Belgium Duxenibourg. In 1984, 1 million carats was similarly auctioned and 


reexported to Belgium-Luxembourg and India. 


1Includes some natural advanced diamond. 
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Table 4.—U.S. imports for consumption of diamond, by kind and country 
1983 1984 
Kind and country Quantity Value Quantity Value 
(carats) (millions) (carats) (millions) 
Rough or uncut, natural:! 
Belgium-Luxembourg c HER PRENNE 111,211 $14.7 160,100 $32.8 
Brazil mde mE EL 2,290 7 1.431 3 
Cape Verde ee —!k 3,400 1 m A 
Colombia o2 sn eu y E 21,413 1 216 2 
S %ö·õ—l d . a ee 8,690 2.7 12,977 4.4 
Dominican Republic . e AE E A E E ATT 2,331 1 T E 
%%% Lo CE A LA w md; ee ue E 4,989 3 2,475 1 
Israel -co — ou nuuc ee ee eee 9,651 1.6 14,880 4.7 
Netherlands 1,585 2.1 4,675 4.1 
South Africa, Republic ff 729,547 245.3 794,912 258.3 
Switzerland _________.... ue lllo 13,035 2.6 74 7.2 
United Kingdom kn 41,234 13.4 22,125 4.6 
Venezuela c oL md yd a 8 65, 908 3.2 34,811 2.3 
i . nw Pda p ay 10,366 5.8 28, 163 6.9 
ll AAA LEE 1.025, 650 292.7 1,084,513 325.9 
Cut but unset, not over 0.5 carat: 
Belgium-Luxembourg - - ---------------—--—— 1,126,400 358.7 1,424,655 433.6 
Brazil- eare m A 8 ,530 8 20,567 6.0 
Cänad meum ae eo a E LL 9,832 2.5 38,567 5.2 
Hong kong 29,957 8.9 100,017 20.3 
I! ELE LE arg xti 2,153,148 440.8 3,107,794 544.8 
Israel. - 2 5 nus onmi cei LA ed 1,047,471 342.4 1,113,127 399.5 
Malaysia -o . a d ciue RE EE 5,215 1.8 21,949 7.8 
Netherlands 19,802 8.6 56,924 23.5 
South Africa, Republic [ß 45,187 24.3 38,301 23.8 
Switzerland _____________________________ 44,864 18.0 56,670 23.8 
United Kingdom __________________-_______ 31, 417 17.2 33,332 15.3 
Gh ea ð y 8 170, 059 117.4 44, 030 16.0 
TOL e o c nuo e ID ĩ ei 4,588,882 1,241.4 6,055,933 1,519.6 
Cut but unset, over 0.5 carat: 
Belgium-Luxembourg __________________-__~- 281,064 284.2 410,638 319.8 
High. 8 9,135 23.8 13,697 22.5 
FH... ³ðV»/ 8 58,871 18.1 83,415 23.2 
Ill! eee ener E 165,641 132.1 342,221 259.5 
Netherlands 10,841 18.8 32, 846 33.6 
South Africa, Republic ooe·TTPf̃f 5... 33,936 41.4 61,595 89.8 
Switzerland ÄÄͤ ²o⁰¹w AA ⁰ mm K ce e tels ets 27,364 111.1 56,618 134.0 
United Kingdom lk 29,544 58.8 34, 643 68.9 
Other 25-6. c a ĩ - a es cent 33,501 41.0 51, 200 48.6 
Toul msg ͥ ²⁰ur = ee 649,897 141.3 1,086,873 1,059.9 
r Revised. 


Table 5.— U.S. imports for consumption of natural precious and semiprecious gem stones, 
other than diamond, by kind and country 


Kind and country Quantity 
(carats) 
Emerald: 

Argentinai c ae ³ðk ree ek 550 
Belgium-Luxembourg - ----------------—---—- 34,027 
J aeaa a a colo 174,314 
Colombia- - no 8 203,485 
Fr cu A LM eed LUE 1,806 
Germany, Federal Republic oꝶfꝙÿ⸗cl.ᷣet.·. 28,293 
, once e as ere 44,289 
Indii soca i ae euo E an Rota e 1,274,765 
Israel oana e ie io ae re ae ae et Oe 87,145 
dapan= uec ee ER 8,415 
FFC eccl ͤ K ʒ UE m 
South Africa, Republic of t 7,979 
Switzerland D es I 41,518 
jii oi OP MM 18,853 
aller ³⅛ 64,590 
5 7975 Finde 8 36, 273 
JJ ⁵ðſ ⁵ↄ A ⁵ ͤ a Ee 124,697 
S. Se — 2,116,999 


See footnotes at end of table. 
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Table 5.—U.S. imports for consumption of natural precious and semiprecious gem stones, 
other than diamond, by kind and country —Continued 


1983 1984 
Kind and country Quantity Value Quantity Value 
(carats) (millions) (carats) (millions) 
Ruby: 
AUSCTIR ot ue ese ð LE Le LEE 163,361 $.2 75,977 $.1 
Belgium- Luxembourg : .9 14,246 1.9 
Ü Ae pao e Lc SA 6,594 2 10,712 1 
O ³·1imi⁴A ͥ ⁰⅛prt ĩðive 8 37,070 2 948 2 
France 2 v ce / ͥ d cele A a 4,393 1.6 11,277 1.4 
Germany, Federal Republic of - ---------------- 53,343 1.5 65,703 1.6 
Hong Kong ------------------------—-—- 125,447 4.9 11,857 5.5 
/ da A 230,186 3.3 226,182 1.8 
Israel -——————Á———————— He — 28,316 1.2 99,663 2.1 
dap. clare c eee es ae ees 4,168 1 33,146 .6 
Swirl... S 221,416 8.8 81,943 12.6 
"Thanand-i ol oce mt LL 1 OT 1,840,758 36.0 4,107,406 43.0 
United Kingdorrrrmnünnü· „ 19,472 4.1 21,208 6.1 
Other 5 o oe cti i Ae E P s LL 145,158 13.8 32,977 2.7 
Quoc ec ⁵ð ß en eee 2,186,612 66.8 4,853,845 79.7 
Sapphire: 
Kusali Ja ⁵ðↄi¹Vꝛ ́ = 8 43,493 .6 13,415 4 
CJJJJJ7//Göõͤõĩ¹ſiii ß ee 44.945 1 1.186 (1) 
Belgium- Luxembourg 28,462 1.0 20,436 1.8 
Brazil aa u rese tee 11,080 (1) 13,209 1 
Canada ou ors ch ⁰ n PL ALLE 15,146 6 9,260 6 
e ðè Kd 14,656 1 1.647 (!) 
!õõĩÜ5ð¹.iÄ ð˙ . ꝛ²“ w . ² h see bio ats 11.026 2.5 11.185 2.5 
Germany, Federal Republic o 121.800 2.5 7,298 1.8 
Honp Bong. ies ha ² ee 8 167,305 9.9 98,180 3.8 
Indii —— 2 aul ar y ß ⁰ʒ nen 180,481 2.7 175,855 1.7 
MERC ie ays shat ods Fo cess, eas ⁰»⁰ S es ely e 48,966 8 ; 1.6 
7 ⁵ ͥ ³¹.. y LL E Le 8.317 3 45,131 1.3 
Korea, Republic oo!!! 5,245 1 22,478 1 
Sing pee umieue eie eL. 12,106 1 22,955 8 
SI ³ĩð Z ⁰⁰ meme e LE. 48,377 4.3 28,999 2.1 
Switzerland d V 244,025 11.8 87,879 15.7 
Thailand it ne a ee eth 2,456,096 32.7 2,917,584 39.2 
United Kingdom — 22 2 x ÄT—I—P—P 33,959 8.3 36,973 6.6 
Al...... 88 125, 068 16.8 32,816 2.3 
E111 a . teo eri: 3,470, 553 85.2 3,678,378 83.0 
Other: 
Rough, uncut: 
Australia _ 2) - - - -- --- ----—------————— 1.0 1.9 
Belgium-Luxembourg .----------------—-- A 4 
l; ane cle ee SP kt x a Lu Re EET 11.1 14.0 
Canada 2.202 es eee ee ee 1.4 a 
Colombia — — ⁰ ee i i 7.3 10.3 
Hong Kong 2 ce se ee 9 6 
Ni ra JJ; K 88 NA Ae NA 2.6 
Palistat.. — ð . te 5 5 
South Af Africa, Republic of -—--------------- 3 1.6 
Switzerlanßdggdgaegeeeee 44 7 5 
United Kingdom nn 2 .6 
DAMDA c eue d v e Eid 9 4 
OURG haste Se ee ee ee ee 12.0 2.8 
/ ·o»”i w.. th i ERR NA 26.7 NA 35.8 
Cut, set and unset 
Australia -.. — — ³oW˙ lt a 21 2.8 
ilta tea sh ns ae ets ep sean 12.5 32.7 
§öÜ—Üê ˙ es ee ee 1 1.3 
%; E hy e: 2.5 5.0 
Germany, Federal Republic of |. 11.8 12.0 
Hong Kong - ~- - - -----------------— 22.6 20.4 
India 0e en. ˙ ⁰¼m iat 88 NA 4.5 NA 6.1 
f e a oe eta 152.8 240.7 
iir. 4.5 7 
177ͥõõ ³˙ÜAXQVA AAA A LL EE 4.8 5.4 
JJ ]˙¹ .. Ete ce 2.6 2.8 
United Kingdom . tk... .8 1.5 
OUNCE eM AAA ĩ T5.9 5.6 
PC A 8 NA 227.5 NA 337.0 


Revised. NA Not available. 
lLess than 1/10 unit. 
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Table 6.—Value of U.S. imports of 
synthetic and imitation gem stones, 
including pearls, by country 


(Million dollars) 
Country 1983 1984 
Synthetic, cut but unset: 

USHA o o a 1.3 0.8 
France... 83 1.0 1.4 
Germany, Federal Republic of- 6.1 5.5 
i ne er i 1.0 1.4 
Korea, Republic off 6.7 9.4 
Switzerland... 3.2 3.6 
Other 4 seno ms 1.2 1.7 

Total uum ee eee 20.5 23.8 

Imitation: 

AUB(TIA scc ss ee Ee 10.9 17.4 
Czechoslovakia 1.2 1.8 
Germany, Federal Republic of- 4.4 6.0 
Japaeoea nn 2.4 4.5 
Other TEE ETE E DC ORO 1.4 2.7 

Total- ol unco ae 20.3 32.4 


Table 7.—U.S. imports for consumption of precious and semiprecious gem stones 


(Thousand carats and thousand dollars) 


Sto 1983 1984 
nes 
Quantity Value Quantity Value 
Diamonds: 
Rough or uncut!!! 1.026 292,687 1,085 325,851 
rb yd LS 5,239 1.982, 686 7,143 2, 579, 466 
Emeralds: Cut but un se „„ 2,117 34, 130 4,410 54, 644 
Coral: Cut but unset, and cameos suitable for use in jewelry N 2,584 NA 3,120 
Rubies and sapphires: Cut but unge 6,257 151,931 8,532 162,677 
Marcasites RC a k ³ÄWw tag aa N 121 N 
Pearls: 
CC:: cr uer a D a en Se NA 3,019 NA 2,823 
Cultured. eoa ͤ¶ ¼ Ld eL dy E LU NA 162,833 NA 240,439 
Imitation eene Sy ⁰⁰ tel eu i ure NA 3,015 NA 6,171 
Other precious and semiprecious stones: 
h ⁰¹ a ea peat NA 26,700 NA 35,792 
Cut, set and unset |... _____________ ~~~ LLL NA 58,983 NA 90,421 
Synthetic: 
Cut but unset? -_-_-_________________________ 36,787 18,948 52,484 21,368 
hepoo cox .. lt nu T e M NA 1,536 NA 2,410 
Imitation gem stoneeseesss cllc NA 17,281 NA 26,182 
Total ————— 21: 4 dle o 8 XX 2,856,454 XX 3,651,516 
NA Not available. XX Not applicable. 


Includes 16,799 carats of other natural diamond, advanced, valued at $759,200 in 1983, and 2,084 carats valued at 


$700,100 in 1984. | 
2Quantity in thousands of stones. 


WORLD REVIEW 


De Beers Consolidated Mines Ltd.’s sales 
of rough diamond through the Central Sell- 
ing Organization was $1.6 billion, virtually 
the same as that of 1983. The value of De 
Beers’ stocks of rough diamond has increas- 
ed from $936 million in 1980 to $2.0 billion 
in 1984, even though world retail jewelry 
sales had set new records every year. The 
1983 retail value of world diamond jewelry 
sales increased 9% to $21.6 billion, repre- 


senting 45 million pieces containing 9.2 
million carats of gem diamond. The largest 
consuming markets were the United States, 
36%, and Japan, 19%, with 50% of their 
diamond needs imported from India, the 
world’s largest processor of small diamonds. 

Angola.—Angola, whose diamonds are 
considered by the market to be nice 
goods,’ is ranked among the top three 
countries in the world in terms of quality. 
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Although diamonds have been found over 
much of Angola in alluvial and eluvial 
deposits, Companhia de Diamantes de An- 
gola (DIAMANG), 77% owned by the Ango- 
lan Government, has concentrated its pros- 
pecting and exploitation in a 50,000-square- 
kilometer concession in Lunda Norte Prov- 
ince in northeast Angola near the Zairian 
border. A labor force of 17,000 workers and 
dozens of mining and treatment sites, com- 
plicated by smuggling and illicit operations, 
continued to present major problems at the 
mining headquarters at Dundo. Diamond 
production was estimated at over 1 million 
carats in 1984, 97% of which was gem or 
near-gem quality. In 1983, the three mining 
divisions' production was Lucapa, 443,000 
carats; Andrada, 295,000 carats; and Cuan- 
go, 296,000 carats. In late 1984, the Angolan 
Press Agency said that 124 people were on 
trial for smuggling, which caused the loss of 
about $140 million to DIAMANG. Of these, 
1 person was sentenced to death, and 122 
others were jailed. The trials were a major 
attempt by the Angolan Government to 
curb the smuggling.? 

Australia.—Argyle Diamond Mines Joint 
Venture produced 5.7 million carats of dia- 
mond in its second year of alluvial mining 
operations, an 8% decline compared with 
1983 production, reflecting the expected 
depletion of the higher grade alluvial mate- 
rial. The 1985 production was projected by 
Argyle to decline as the remaining alluvial 
material is mined out. Although much of 
the Argyle infrastructure was already in, 
construction was initiated at the beginning 
of 1984 for the $400 million mine and 
treatment plant on the AK-1l kimberlite 
project. The primary crushing plant was 
delivered in September with planned test 
operations of the mine and concentrator in 
mid-1986. Design capacity called for the 
treatment of 3 million metric tons of ore 
annually to produce over 20 million carats 
of diamond, 45% of which will be gem and 
near-gem quality, with the balance industri- 
al quality. The AK-1 pipe is estimated to 
contain 150 million tons of kimberlite with 
a grade of 6.5 carats per ton. 

CRA Ltd. and Ashton Mining Ltd. estab- 
lished a diamond marketing organization in 
Antwerp, Belgium. It was to be run by 
Argyle Diamond Sales Ltd. (ADS), and was 
owned 60% by CRA and 40% by Ashton. 
The organization will eventually handle 
some 6 million carats of diamond per year. 
From June 1984, ADS was responsible for 
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marketing 25% of the cheap-gem and indus- 
trial diamonds, which will increase to a 
level of 6 million carats per year when the 
AK-1 project comes on-stream in 1986. 
Northern Mining Corp. NL, the other part- 
ner in Argyle, had been previously pur: 
chased by the Western Australian govern- 
ment and in 1984 was selling its 5% share of 
production through a Belgian agent. A $65 
million public offering of the Western 
Australian government share was made 
through the Western Australian Develop- 
ment Corp.‘ 

The Bow River joint venture, 20 kilo- 
meters from the Argyle project, composed of 
Freeport of Australia Pty. Inc. and Gem 
Exploration and Minerals Ltd., recovered 
0.35 carat per ton and 0.56 carat per ton 
from two of the four terraces sampled dur- 
ing 1983-84.5 

Three equal joint venture members, Ash- 
ton, AOG Minerals Ltd., and Aberfoyle Ltd. 
have delineated a potentially major new 
diamond province in the Coanjula area of 
the Northern Territory of Australia near 
the border of Queensland. Diamonds were 
discovered in 15 of the 22 first priority 
geophysical targets.* | 

Stockdale Prospecting Ltd. and United 
Nickel Ltd. were drilling the Jubilee dia- 
mond prospect near Kalgoorlie, Western 
Australia.’ 

Australia produced over 80% of the 
world’s opal, and over 70% of the world’s 
uncut sapphire. In the last 15 years, produc- 
tion has increased to a total value in 1984 of 
over $50 million. Small syndicates and indi- 
viduals operated opal mines at Coober Pedy 
and Andamooka in South Australia, at 
Lightning Ridge and White Cliffs in New 
South Wales, and in Queensland. Sapphire 
production in 1984 was from the alluvial 
gravels of the Glen Innes-Inverell district in 
New South Wales and from the Anakie 
district in Queensland. The heat treatment 
of the steel-blue stones, as a method of 
enhancement, has greatly improved the 
quality in the international market.* 

Belgium.—The World Diamond Congress 
held in Antwerp reported through the Dia- 
mond High Council that diamond prices 
were stronger, and that exports to the 
principal consuming countries, the United 
States, Switzerland, and Japan, were up 
substantially compared with those of 1983. 
Sales of Belgian, Israeli, and Soviet dia- 
monds have benefitted from the movement 
in demand toward higher priced stones at 
the expense of the cheaper Indian goods.* 
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Botswana.—Botswana was the world's 
second largest producer of diamonds with a 
total of 12.9 million carats, a 20% increase 
compared with that of 1983. This included 
5.8 million carats of gem diamond. The 
richness of the Jwaneng Mine, with over 
149 carats recovered from 100 metric tons of 
ore, far surpassed any of De Beers' oper- 
ations or joint ventures. In Botswana, 15.2 
million tons of diamondiferous kimberlite 
was processed to produce 12.9 million carats 
of diamonds. The Jwaneng Mine produced 
7.5 million carats, Orapa produced 4.7 mil- 
lion carats, and the Letlhakane, 0.7 million 
carats.!^ 

Brazil.—Extratifera de Diamantes Brasil 
S.A. Exportacao de Comercio was investing 
$6.9 million in an alluvial diamond deposit 
in Romaria, Minas Gerais. Capacity was to 
be 240 cubic meters per hour of gravel with 
a recoverable content of 200 carats of dia- 
mond per day. When fully operational in 
1985, the mine will produce 72,000 carats of 
diamond per year, 76% gem quality and 
24% industrial. 

According to the Brazilian Department of 
Trade and Industry, Brazilian production of 
diamond almost doubled in 1983 to more 
than 1 million carats. About 60% of the 
diamond came from mines in the States of 
Minas Gerais, Matto Grosso, Para, Bahia, 
and the territory of Roraima.’? 

Minercáo Tejucana S.A. was expanding 
its operations in Minas Gerais in 1984, with 
a fifth dredge on an alluvial diamond depos- 
it with a capacity of 84,000 carats of dia- 
mond per year. Morro Vermelho Ltda. was 
developing its reserves and had a pilot plant 
in operation on its alluvial diamond deposit 
in Cuiaba, Matta Grosso. Design production 
was 60,000 carats per year." 

Brazil is a major world producer of gem 
stones, other than diamond. Exports in 1982 
included over 1.1 million kilograms of crude 
and worked agate, 197,000 kilograms of 
crude and worked amethyst, 42,000 kilo- 
grams of crude and worked emerald, 32,000 
kilograms of citrine, 26,000 kilograms of 
crude and worked aquamarine, and 400,000 
kilograms of other crude and worked gem 
stones.!* 

Canada.—Two companies, Monopros Ltd. 
and BP Resources (Canada) Ltd., were ac- 
tively prospecting for diamond in northeast- 
ern Ontario. Kimberlite has been found, not 
only as boulders in gravel, but as outcrops 
in the Kirkland Lake area of Ontario. In 
British Columbia, kimberlite has been 
found on two properties, and one gem-quali- 
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ty diamond measuring 0.43 millimeter was 
identified. 

Central African Republic. Diamond 
production, the principal mining industry of 
the Central African Republic, improved in 
1984. Although smuggling and illicit mining 
continued to be a problem, the High Com- 
missioner of Mines and Geology announced 
a plan of stricter controls of the 40,000 
workers, 200 collectors, and 12 purchasing 
offices. Production increased 19% to 350,000 
carats, and it was planned to reach 530,000 
carats in 1985.16 

China.—The China Nonmetallic Minerals 
Industry Corp. estimated that China's an- 
nual production of diamond was less than 1 
million carats, of which 17% was of gem 
quality. Mines were located in three Prov- 
inces: Liaoning, Hunan, and Shandong. 
Liaoning's Binhai Mines in Fu County was 
the best source of larger high-quality gem 
stones. Shandong has one principal placer 
mine, Chengjiafu near Tancheng, where 
stones of 96, 124, and 159 carats have been 
found since 1979. A number of smaller 
placer mines also were operated. The 
Changde Mine in Changde County, Hunan, 
began production in the early 1970's of 
principally industrial stones, with a recov- 
ery of 0.25 carat per metric ton. Kimberlite 
deposits were also identified in Guangxi and 
Guizhou.” 

Colombia.—Empresa Colombiana de Mi- 
nas and the United Nations Development 
Fund announced in 1983 a $2.5 million, 30- 
month exploration program for emeralds 
and improvement of mining techniques. 
Improved reserves at the Muzo Mine, 90 
miles northwest of Bogota, and at the 
Coscuez and Peeas Blancas Mines, was to be 
attempted.!* 

Ghana.—Ghana Consolidated Diamonds 
Ltd. produced 340,000 carats of diamond in 
1983, of which 10% was gem quality and the 
balance industrial quality. Reserves at Ak- 
watia are nearing exhaustion, and produc- 
tion has declined progressively. The compa- 
ny will initiate production at its $12 million 
Birim River placer project in early 1985, in 
which diamond reserves were estimated at 
20 million carats. Design capacity was based 
on an annual extraction rate of 800,000 
cubic meters of gravel, with a recovery of 1 
million carats of diamond.!* 

Guinea.—The $86.6 million Société Mixte 
Aredor-Guinea alluvial diamond mine ini- 
tiated operations in April 1984. The mine is 
at Banankoro near Kissidougou in south- 
east Guinea near the Sierra Leone border. 
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Proven diamond reserves are 2.5 million 
carats, 90% of which is of gem quality 
having an average size of 0.53 carat. The 
average net selling price for the first pro- 
duction consignment was higher than ex- 
pected, $248 per carat compared with an 
estimated price of $225 per carat. Diamond 
production was less than expected in the 
first 8 months of operation through Decem- 
ber 1984, with 70,000 carats produced. Drag- 
line operation encountered large boulders, 
clay beds, and undulating bedrock, which 
impeded operations. The latter problem re- 
quired an increase in washing plant capaci- 
ty from 400,000 cubic meters per year to 
750,000 cubic meters per year. The target 
production level of 200,000 carats per year 
was to be achieved by July 1985. 

In 1984, diamond prospecting rights were 
awarded to several other companies in 
Guinea as follows: Brady Nixon, 10,000 
square kilometers in  Kindia-Telemele; 
ADG, 39,000 square kilometers in Faranah- 
Kouroussa; and Gulf African Enterprises, 
9,000 square kilometers in  Nzerekore- 
Yomou.?! 

India.—India has the world's leading dia- 
mond cutting and polishing industry. Cen- 
tered in Surat, Navsari, and Bombay, ap- 
proximately 300,000 workers operate in the 
cottage industry. Low wages enabled India 
to compete very favorably on the world 
market. In 1984, 28 million carats of rough 
cheap-gem material, commonly called In- 
dian goods," was processed as cuttables. 
India apparently is consuming more than 
the estimated 26 million carats in the world 
supply, and is using a substantial portion of 
the natural industrial stones; 38 million 
carats in 1984. The Indian Ministry of 
Commerce and the Hindustan Diamond Co., 
Ltd. have agreed to develop a sawn-goods 
industry to provide more cutting material 
for the cottage industry. Sawn goods are 
being processed mainly by Belgium and 
Israel, and their excess supply could be 
made available to India, especially for the 
cheaper and small sizes. India's exports of 
cut and polished diamonds were 5 million 
carats with a value of $584 million. 

Israel.—Imports of rough diamond were 
$881 million, a 1396 increase compared with 
that of 1988. Exports of cut and polished 
diamonds were $1,035 million, a 3.5% de- 
crease compared with that of 1983. Israel 
produced more small stones and larger 
stones than in the recent past, and its 
traditional medium range was less in de- 
mand. It also had firmly established itself 
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as the main source of fancy cuts, especially 
marquises. The trend toward movement of 
manufacturing activities to smaller plants 
continued. Sales to the United States repre- 
sented about one-half of Tel Aviv's diamond 
exports.?* 

Ivory Coast.—The Ivory Coast Syndicate 
(ICS) recently completed a second field pro- 
gram on its 1,800-square-kilometer conces- 
sion in the Sanwi region in the southwest. 
ICS consisted of three Canadian companies, 
Eden Roc Mineral Corp., Golden Rule Re- 
sources Inc., and Dibi Resources Inc., which 
together held a 49% interest, with the state- 
owned Société pour le Développement Min- 
iére de La Cote d'Ivoire holding the balance. 
Eden Roc recommended diamond drilling in 
the Afema sector, pilot plant processing of 
Asupiri River alluvials, and bulk sampling 
of alluvials where a diamond occurrence 
was located. Further ground work over the 
anomalies also was recommended.: 

Liberia.—Liberia's diamond production 
declined 27% to 240,000 carats, 45% of 
which was gem quality, and the balance 
industrial quality. Total value was $11 mil- 
lion, a 36% decrease compared with the 
$17.2 million in 1983.25 

More than one-half of the diamonds ex- 
ported from Liberia were believed to have 
originated in Sierra Leone and Guinea, 
because of the availability of hard currency 
in Liberia. Exporters must have a Govern- 
ment license. 

Namibia. —DeBeers CDM ty.) Ltd. con- 
tinued mining operations at a reduced rate 
and produced 930, 200 carats of diamond 
from the beach placers, a 3% decrease 
compared with that of 1983. However, over- 
burden stripped increased to 19.3 million 
tons, a 1296 increase compared with that of 
1983. A bedrock vacuum cleaning unit was 
commissioned with encouraging results. 
Seawall construction had advanced the 
high-water mark to 260 meters seaward, 
and mining was taking place 200 meters 
beyond the original high-water mark. The 
Namibian Government increased the tax on 
diamond mining to 55%, and CDM pointed 
out that its tax burden in 1984 will climb to 
750 of profits. 

Sierra Leone.—British Petroleum Co. 
Ltd. sold its 49% interest in Sierra Leone's 
National Diamond Mining Co. (DIMINCO) 
for $8.5 million. DIMINCO is now virtually 
state-owned. Negotiations for the financing 
of the $100 million Kono kimberlite project 
collapsed at yearend. An estimated 70% of 
Sierra Leone’s diamond production is gem 
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quality, and smuggling and illicit mining 
has intensified.?* 

South Africa, Republic of.—De Beers' 
Consolidated Mines represented 94% of 
South African diamond production, and 
mined 22.1 million tons of ore with a recov- 
ery of 9.5 million carats of diamond. The 
Finsch diamond mine, the Republic of 
South Africa's largest and richest source of 
diamond, treated 5.1 million metric tons of 
ore and produced 4.9 million carats, 65% 
gem quality, and the balance industrial 
quality. The Finsch ore grade of 95 carats of 
diamond per 100 metric tons of ore was the 
highest of all other South African diamond 
mines. Finsch underground mine develop- 
ment has progressed to the 680-meter level. 
As the mine shifted from open pit to under- 
ground mining, the last phases of open pit 
mining produced a lower grade material, 
and resulted in an ore grade of 95 carats per 
100 metric tons in 1984, compared with 100 
carats per 100 metric tons in 1983.2 

De Beers’ Namaqualand Div. recovered 
high-quality gem diamonds from marine 
alluvial deposits along the Namaqualand 
coast similar to those produced by CDM 
north of the Orange River in Namibia. 
Production was from farm concessions 
Tweepad, Karreedoornvlei, Koingnass, and 
Langhoogte. The Annex Kleinzee plant has 
been temporarily suspended since 1982. De 
Beers was awarded several prospecting 
leases off the Namaqualand coast, totaling 
over 9,000 square kilometers in 1984. 

Ocean Diamond Mining Ltd. initiated a 
beach mining project off the coast of Nami- 
bia near CDM operations. An air-lift suction 
dredge will excavate diamondiferous grav- 
els to a washing plant. The company ex- 
pected to produce about 3,000 carats per 
month of over 95% gem-quality stones.*° 

Tanzania.—The famous Mwadui dia- 
mondiferous kimberlite mine in Tanzania is 
one of the largest kimberlites ever found in 
the world. Production of diamond, 70% gem 
quality, decreased to 262,000 carats in 1984. 
Results from a completed $30 million min- 
eralogical survey performed by Geosurvey 
Ltd. of Nairobi, Kenya, indicated the pres- 
ence of new diamond-bearing deposits. The 
Dar Madine al-Umma Ltd. a private 
Egyptian-Arab mineral resource develop- 
ment company, was considering the devel- 
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opment of the newly found diamond re- 
sources.?! 

U.S.S.R.—Soviet annual diamond produc- 
tion in recent years has.been constant at a 
level of 10.7 million carats, 40% of which 
was gem quality and cheap Indian goods, 
with the balance industrial stones. À major 
diamond mining complex on the Lena River 
had been temporarily closed for moderni- 
zation for some time and was reopened in 
1984. The new Anabar diamond placer mine 
on the Ebelyakh River, long delayed be- 
cause of the severe weather conditions and 
permafrost, was commissioned in 1983.32 

A large diamond weighing 291.6 carats 
was found at the Udachnaya Mine in the 
Yakutsk A.S.S.R. This was the second larg- 
est stone ever found in the U.S.S.R., and it 
was likely to remain in the country. 

The U.S.S.R. heavily sold cut diamonds, 
especially good-quality rounds in medium 
sizes, mainly in the Antwerp market, dur- 
ing two periods in May and October 1984. 
This caused considerable disruption in the 
cutting industries of Belgium and Israel, 
which produced comparable goods, because 
Soviet prices were 10% to 15% below mar- 
ket levels. A conservatively estimated $300 
million in cut stones entered Europe, $200 


million of which came through Antwerp, 


and generated badly needed foreign ex- 
change for the U.S.S.R.** 

Zaire.—Zaire became the world's largest 
producer of diamonds with a total of 18.5 
million carats, a 54% increase compared 
with that of 1983. This included 5.2 million 
carats of gem and oheap gem quality. Artis- 
anal mining almost doubled its production 
from 5.9 to 10.7 million carats. Production 
from the Bakwanga deposits has enabled 
Zaire to be the world's largest producer of 
industrial diamond (Congo boart) since the 
alluvial deposits were discovered in 1918. 
Société Miniére de Bakwanga's (MIBA) new 
100,000-cubic-meter-per-month bucket 
dredge was in production, and had the 
capacity to produce 1 million carats of 
diamond per year. MIBA's 1983 production 
was 5.5 million carats and was sold to 
Britmond-Zaire, a De Beers' affiliate, for 
$48 million. Only 3.5% of this production 
was classified as gem quality, but it sold for 
$21 million, 44% of MIBA’s revenue. 
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GEM STONES 


The Zairian Government's 1982 decree 
liberalizing diamond production and mar- 
keting by private Zairians, resulted in some 
abatement of illegal mining and smuggling. 
Total diamond exports increased from $72 
million in 1982 to $139 million in 1983. The 
Société Zairoise de Commercialisation de 
Minerais was abolished by Presidential de- 
cree in 1984, and as a result, both MIBA and 
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La Générale des Carriéres et des Mines du 
Zaire were to be responsible for their own 
marketing. Britmond is the sole buyer of 
MIBA diamonds with a floor price of $8.55 
per carat. Britmond stated that in the first 
half of 1984 the market value of the dia- 
monds was below the floor price, attributing 
the decline to the theft of the more valuable 
stones, a continuing problem. 


TECHNOLOGY 


Geological research of the West Kimber- 
ley Province in Western Australia indicated 
that diamonds are found in lamproites as 
well as kimberlites. Seventy new discoveries 
of lamproite on the southwest border of the 
Kimberley craton have been made. This 
was the first recognition of a primary ter- 
restrial source of diamond other than kim- 
berlite. Different properties and tectonic 
settings for these two diamond-bearing 
rocks has given a new and expanding geo- 
logic horizon, with different major ele- 
ments, trace elements, indicator minerals, 
and geophysical responses.** 

A research team at Cornell University 
has used a Q-switched YAG laser beam to 
melt a diamond surface at high pressure. 
This experiment was the first phase in 
investigations to determine whether molten 
carbon can exist in the earth’s interior.*’ 

Microscopic diamonds, the largest of 
which was about 30 micrometers, have been 
formed during the gas-phase decomposition 
of a mixture of methane and hydrogen in a 
microwave plasma, by the Hitachi Research 
Laboratory, Ibaraki, Japan. Diamond, a 
very good electrical insulator and heat con- 
ductor, could be a very important substrate 
for integrated circuits.3* 

The General Electric Research and Devel- 
opment Center in Schenectady, New York, 
produced gem-quality synthetic jadeite with 
a diamond-making press in samples large 
enough to be cut into gems.?* 

Soviet scientists at Kharkov University, 
developed a  geobotannical prospecting 
method for location of diamondiferous kim- 
berlites. Some well-known deposits in the 
Yakut A.S.S.R. were tested and showed 
excellent geological delineation.“ 
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Gold 


By J. M. Lucas! 


Despite the effects of lower 1984 gold 
prices compared with that of 1983, domestic 
gold mine production increased for the fifth 
consecutive year as new gold mines began 
production and established mines maintain- 
ed or improved existing capacity. 

In both the United States and overseas, 
the search for new gold deposits and the 
development of recent discoveries continued 
at about the same level of intensity as in 


1983. The strong momentum of gold explo- 
ration activity was especially evident when 
compared with that of most other mineral 
commodities. 

The demand for gold and gold products 
in the international marketplace forged 
ahead. Among the principal end-use sectors, 
the jewelry and arts category registered the 
greatest increase in consumption. 


Table 1.—Salient gold statistics 


United States: 
Mine production. |... thousand troy ounces . 
Value ` -2-2-2-2 WORT. thousands. . 


Percentage derived from: 
Precious metals ores.. .. . . . |... .. 
Base-metal ores . . : M 
Plac ers? e 
Refinery production: 
Domestic and foreign ores 
thousand troy ounces. 


Secondary (old scrap) - sh acl a at e COS Sugeest 
Exports: 

Refine - .do z 

Other -222a 6 Lk do 
Imports for consumption: 

Refine ee dcs 1v 

Oher ou ates. K ale ntis do 
Gold contained in imported coins do 
Net deliveries from foreign stocks in Federal 

Reserve Bank US dat do 

Stocks, Dec. 31: 

Industry! // do 

Futures exchange | d. 
Department of the Treasury: 

Gold medallion sales. do 

Olympic gold coin sales do 
Consumption in industry and the arts do 
Price:“ Average per troy ounce 
Employment? | . ... 

World: 


thousand troy ounces _ 
million troy ounces. . 


Mine production. 
Official reserves® 
Revised. 


Estimated. Preliminary. 


1Unfabricated refined gold held by refiners, fabricators, and dealers. 


?Sales program began July 15, 1980. 

3I[ncludes coins sold in 1982 and 1983 for delivery in 1984. 
*Engelhard Industries quotation. 

Mine Safety and Health Administration. 


1980 1981 1982 1983 1984 
970 1,379 1,466 71,956 2.059 
$594,050 $633,918 $550,968 $829,514 $742,517 
66 11 80 83 87 
32 27 17 14 11 
2 2 3 3 2 
787 805 719 892 751 
2.184 1,610 1.444 1.380 1.310 
4.702 5,238 1,637 1,881 3,482 
1,417 1,199 1,333 1,258 1,499 
4,090 4,164 4,238 3,599 6,032 
452 488 682 994 1,837 
3,081 2,612 2,908 1,948 2.769 
1.785 1.181 1.330 -220 381 
812 635 116 630 773 
4.998 2.449 2,303 2,530 2,359 
338 189 63 634 419 
2x e MA m 3156 
3,215 3,216 3,423 r3 061 3,082 
$612.56 $459.64 $375.91 $424.00 $360.66 
5,500 7.500 6.800 5.200 5,000 
1 39,179 141.257 43,083 P44.882 €46,035 
1,149.6 "1,150.0 1,145.1 11, 143.0 1,141.5 


Held by market economy country central banks and Governments and international monetary organizations. Source: 


International Monetary Fund. 
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Table 2.— Volume of U.S. gold futures trading 


(Million troy ounces) 
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Exchange Location 
Chicago Board of Trade Chicago 
Commodity Exchange Ine New Vork 
International Monetary Market Chicago 
Mid-America Commodity Exchange do 


1A division of the Chicago Merchantile Exchange. 


Domestic Data Coverage. Domestic 
mine production data for gold are developed 
by the Bureau of Mines from two separate, 
voluntary surveys of U.S. operations. Typi- 
cal of these surveys is the lode- mine produc- 
tion survey of gold, silver, copper, lead, and 
zinc mines. Of the 112 lode gold producers 
in operation to which a survey request was 
sent, 53% responded, representing 97% of 
the total mine production shown in tables 1, 
3, 4, 6, and 7. Production for the nonre- 
spondents was estimated, using reported 
prior year production levels, adjusted by 
trends in employment and other guidelines 
such as company annual reports, the news 
media, and State agency reports. 

Legislation and Government Pro. 
grams.—The Office of Federal Supply and 
Services of the General Services Adminis- 
tration (GSA) issued a final ruling clarify- 
ing agency responsibilities and reporting 
requirements in the Governmentwide pre- 
cious metals recovery program. The ruling, 
effective January 19, 1984, expanded the 
options for agency participation in the U.S. 
Department of Defense Metals Recovery 
Program. GSA is responsible for the initia- 
tion and development of the Government- 
wide precious metals recovery programs, 
exclusive of those programs issued and ad- 
ministered by the Department of Defense. 
Each agency generating precious. metal 
scrap is required to submit a consolidated 
report on its recovery activities annually, 
on a fiscal-year basis.? 

Beginning January 1, 1984, the Internal 
Revenue Service (IRS) required reporting by 
coin dealers and brokers on certain sales of 
South African krugerrand, Canadian maple 
leaf, and Mexican 1-ounce? gold coins. Bro- 
ker reporting under section 6045 of the IRS 
code required information reporting on 


1980 1981 1982 1983 1984 
7.15 1. 1.96 10.15 9.73 
788.72 1,041.67 1,212.40 1,038.28 911.55 
254.35 251.82 153.35 99.40 88 
14.86 15.59 12.73 11.59 2.02 
-- 1,065.08 1,310.55 1,380.44 1,159.42 924.18 


sales of property that could be delivered to 
satisfy a contract approved for trading by 
the Commodity Futures Trading Commis- 
sion.* 

Legislative actions and programs af- 
fecting gold mining were enacted by several 
States during the year. For the first time in 
Nevada, State-authorized industrial devel- 
opment bonds, the interest on which is free 
of State taxes, were issued to help finance 
development of a gold- and silver-mining 
operation. 

In South Dakota, a bill was passed reduc- 
ing the State's precious metals severance 
tax, thereby reducing the previous 6% sev- 
erance tax on gross receipts to 2% and 
imposing an 8% tax on net profits. The 
change, which became effective July 1, 
1984, was expected to encourage mine devel- 
opment. 

In midyear, amendments to Idaho's 
Dredging Mining Act were enacted to ac- 
complish the following goals: mandate the 
restoration of lands explored or mined 
by placer or dredging methods; provide 
changes in bonding requirements; give the 
State Board authority to reject permit-bond 
applications; and establish a dredge and 
placer mining account with monies raised. 

A law was passed in Alaska allowing 
Alaskan placer gold miners to receive 
grants of State funds up to $100,000 to study 
and test new mining techniques aimed at 
reducing water pollution resulting from 
mining operations. If the new technology is 
effective, the miner repays the State by 
passing the new process on to other miners. 
However, grant monies expended on failed 
technology convert to loans that must be 
repaid to the State. Similar grants were also 
offered to miners to encourage the develop- 
ment of new water recycling techniques. 


DOMESTIC PRODUCTION 


Domestic gold exploration, stimulated in 
the early 1970's by the removal of restraints 
on the private ownership of gold, continued 


at a steady pace during 1984. Many mining 
and exploration companies, impacted by the 
continuing slump in demand for copper and 


GOLD 


other metals, directed their attention to- 
ward precious metals exploration with gold 
as the principal target. Nevada continued to 
attract the greatest share of the attention of 
those companies and individuals, both do- 


mestic and foreign, whose interests were 


tied to the search for new gold deposits. 
Reflecting the successes of earlier explora- 
tion efforts as well as the occurrence of 
geological environments favorable to the 
formation of commercial quantities of gold, 
Nevada, with production of about 1 million 
troy ounces, enjoyed its fifth consecutive 
year as the Nation's premier source of 
newly mined gold. 

Of the Nation's total gold production, 
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92% was attributed to the 25 leading pro- 
ducers. The average recovery grade of gold 
ores processed from lode mine sources was 
0.06 ounce per short ton, while placer grav- 
els yielded an average of 0.007 ounce per 
cubic yard washed. 

Refinery production of gold from import- 
ed and domestic ores declined substantially, 
reflecting in part a decline in the proc- 
essing of gold-bearing copper ores. The pro- 
duction of refined gold from old scrap con- 
tinued to decline from the high level of 
production recorded during 1980 when his- 
torically high gold prices attracted a large 
volume of scrap to the market. 


Table 3.—Mine production of gold in the United States, by State 


(Troy ounces) 


State 1980 
Ii A 12,881 
CECJ;;— ³ÜWA6³iꝛA d . 79,631 
California. | .. |... .. _____ 4,078 
Colorado -L 39,447 
IM.. 8 
Montana ___________________ 48,366 
Nevada - ------------------- 278,495 
New Mexico 15,847 
Oe. 8 
South Carolina _______________ M 
South Dakota ______________.._ 261,642 
Tennessee Ll 
Re aw EC 179,538 
Washington W 
CCC 969,782 


1981 1982 1983 1984 
26,531 30,513 39,523 23,232 
100,339 61.050 61,991 51,548 
6,271 10,547 38,443 85,858 
51,069 64,584 63,063 60,010 
W W W 
54,267 75,171 161,436 181,190 
524,802 757,099 "914,531 997,508 
65,749 W W W 
2,830 W 322 W 
278,162 185,038 309,784 310,527 
227,706 174,940 238,459 W 
W W W W 
1,379,161 1,465,686  — ^ 71,956,400 2,058,784 


"Revised. W Withheld to avoid disclosing company proprietary data; included in "Total." 


Alaska.—Gold production in Alaska re- 
ported to the Bureau of Mines was 23,232 
ounces, compared with 39,523 ounces re- 
ported for 1983. However, an informal an- 
nual survey of Alaskan gold producers be- 
gun several years ago by the Alaska State 
Division of Geological and Geophysical Sur- 
veys again suggested that a much larger 
total may have actually been produced. The 
State’s survey indicated that about 175,000 
ounces was recovered; this figure compares 
with similarly derived figures for 1983 and 
1982 of 169,000 ounces and 174,900 ounces, 
respectively. The value of 1984 production 
was estimated by the State at $63 million, 
compared with about $70 million for 1983 
and nearly $68 million for 1982. The lower 
1984 value reflects gold’s lower price rather 
than reduced production. Annual expendi- 
tures for all metallic mineral exploration, 
mostly for gold, reported by the State for 
the years 1981 through 1984 were $64 mil- 
lion, $43 million, $31 million, and $20 mil- 
lion, respectively. Placer mining activity, 


the mainstay of Alaskan gold production, 
continued at a high level during 1984. 
About 300 placer operations were active 
during the height of the summer operating 
season. One interesting sidelight of Alaskan 
placer mining in recent years has been the 
occasional documented recovery of dia- 
monds in placer operations along Crooked 
Creek in central Alaska; a stone found in 
1984 weighed 1.4 carats. Environmental 
problems associated with placer mining, 
such as perceived threats to water quality 
and marine life, were featured prominently 
in news media releases from Alaska during 
the year. | 

An increasing interest in the potential for 
commercial gold in Alaska's offshore placer 
deposits resulted in the filing of numerous 
applications with various governing agen- 
cies for offshore exploration permits. For 
example, Power Resources Corp. of Lake- 
wood, CO, sought permits to dredge 8,600 
cubic yards per day in Norton Sound, near 
Nome, beginning in the summer of 1985. In 
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1984, another Colorado firm, Aspen Explo- 
ration Corp., requested permits necessary to 
explore in selected areas of Cook Inlet. 
Noranda Exploration Inc. conducted inves- 
tigations in the area offshore from the 
Yakataga Beach deposits. South of Juneau 
in the Gastineau Channel, Juneau Mining 
Co. continued preparations to recover gold 
and silver from mill tailings in or near the 
channel. 

According to the Alaska Department of 
Natural Resources, the operators for Cam- 
index Mines, WGM Inc. and SUM Re- 
sources, recovered 20,000 ounces of gold 
from the Valdez Creek joint-venture proper- 
ty, in south-central Alaska. This production 
reportedly represents the largest gold pro- 
duction from any one Alaskan producer in 
over 25 years.5 

At Livengood, about 80 miles north of 
Anchorage, Livengood Placers Inc. (8096 
owned by Callahan Mining Corp.) entered 
into an arrangement with the bankruptcy 
trustee for Galaxy Minerals Inc., the former 
lessee of Livengood's property, under which 
a contract operator, Alaska Placer Develop- 
ment, wil clean up gold-bearing gravel 
remaining in the pit area previously worked 
by Galaxy. By order of the trustee, on-site 
plant and equipment belonging to Galaxy 
was sold at auction in October. 

The joint owners of the Grant Mine, in 
the Ester Dome area near Fairbanks, con- 
tinued work aimed at returning the old 
underground mine to productive status. 

On Admiralty Island, southwest of Ju- 
neau, Noranda Mining Inc. discovered a 
new ore body at its developing Greens Creek 
silver, gold, lead, zinc, and copper deposit. 
Underground development and engineering 
studies were proceeding toward a targeted 
startup date of 1987. Several other lode gold 
mines, including old workings centered 
around the Chichagof Mines on Chichagof 
Island, underwent further rehabilitation 
during 1984. 

Arizona.—The recent economic difficul- 
ties of Arizona's copper producers, which 
also recover gold as an important byprod- 
uct, were reflected in the State's lower gold 
production. Gold developments in the State 
were essentially a repeat of the 1983 activi- 
ties, with exploration for precious metals by 
corporations and individuals being focused 
on the mining districts of Cochise, La Paz, 
Maricopa, Mohave, Pima, Santa Cruz, Yav- 
apai, and Yuma Counties. 

The Small Mines Div. of Phelps Dodge 
Corp., which has directed its interests in 
recent years toward developing ore bodies 
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that may be quickly and inexpensively 
brought on-stream, recovered 2,600 ounces 
of gold and 104,000 ounces of silver during 


-the year from various properties, principal- 


ly in Cochise and Greenlee Counties. 

In midyear, Consolidated Mining and 
Milling Ltd. of Tucson constructed heap- 
leaching facilities to recover gold from the 
dump at the old Yuma Mine adjacent to the 
Saguaro National Monument, west of 
Tucson. However, problems associated with 
gaining suitable access to the minesite and 
objections on environmental grounds led to 
a court-ordered closure near yearend. 

Declining gold and silver prices plus envi- 
ronmental problems reportedly led Tomb- 
stone Exploration Inc. to close its open pit 
gold and silver mine at Tombstone. 

In Maricopa County, Goldsil Mining and 
Milling Co. continued exploration, metal- 
lurgical testing, and plans for both open pit 
and underground development at the Mys- 
tic Mine property. The property was recent- 
ly held and explored by the former Ranch- 
ers Exploration and Development Corp. of 
Albuquerque, NM, and its joint-venture 
partner, American Copper & Nickel Co. 
Inc., a subsidiary of Inco Ltd. of Toronto, 
Ontario, Canada. 

Echo Bay Mines Ltd. of Edmonton, Alber- 
ta, Canada, entered into an agreement with 
a subsidiary of Magic Circle Energy Corp. of 
Oklahoma City, OK, to explore the old Con- 
gress Mine, about 65 miles north of Phoe- 
nix, in Yavapai County. A drilling program 
yielded a number of good gold values. 

California.—The thousands of abandoned 
past producers in the Mother Lode and 
elsewhere continued to be the focus of 
attention. Exploration and development 
drilling was in progress at numerous sites, 
and metallurgical testing and heap-leaching 
trials were being conducted at others. Sev- 
eral mines began production in the State 
during the year, and several others delayed 
opening for a variety of reasons. 

A zoning change was approved in Yolo 
County, north of San Francisco, to allow 
Homestake Mining Co. to construct a reser- 
voir and proceed with its planned open pit 
mining. The company should bring the new 
3,000-ton-per-day McLaughlin gold mine on- 
stream in early 1985. Homestake’s success- 
ful approach to solving the complex devel- 
opmental problems associated not only with 
opening a new mine in a populated area but 
one that fell within the jurisdiction of three 
separate county governments (Yolo, Lake, 
and Napa Counties) was commended in 
remarks before the U.S. House of Repre- 
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sentatives.* When fully in production in late 
1985, the mine was expected to produce 
more than 200,000 ounces of gold per year. 
To process McLaughlin's complex ores, a 
patented pressure oxidation process em- 
ploying autoclaves was developed. 

In Imperial County, Gold Fields Mining 
Corp., a wholly owned subsidiary of Consoli- 
dated Gold Fields PLC of the United King- 
dom, moved forward with its plans to con- 
struct a relatively large open pit heap leach 
gold mining operation at Mesquite, 35 miles 
east of Brawley. Mining operations there 
were scheduled to commence in early 1986. 
Exploration of the Mesquite property delin- 
eated a large, flat-lying, disseminated-type 
gold deposit and, based on this result, a 
preliminary decision to proceed was made 
in June 1984. Gold production at Mesquite 
during the first 3 years was expected to 
average 100,000 ounces per year. Ore was 
scheduled to be mined at the rate of 2 to 3 
million tons per year. 

In 1984, Chemgold Inc., the U.S. subsid- 
iary of Glamis Gold Ltd. of Vancouver, 
British Columbia, Canada, completed its 
second full year of production at its open pit 
Picacho Mine. This open pit, heap leach 
operation was reported by the company to 
be producing at a rate of about 2,000 ounces 
per month toward yearend. Production for 
the 1983-84 fiscal year ending July 31, 1984, 
was just over 13,000 ounces. Near yearend, 
Chemgold acquired the old Yellow Aster 
Mine in Kern County. Exploration there 
was proceeding. 

The ABM Mining Group of Vancouver, 
British Columbia, Canada, continued explo- 
ration of three prospects in the Mother 
Lode. Through its subsidiary, Inca Re- 
sources Inc., the group reached the permit- 
ting stage with its Rich Gulch Prospect in 
Plumas County while another subsidiary, 
Sonora Gold Corp., proceeded with the drill- 
ing required to further delineate reserves at 
the old Crystalline, Harvard, Dutch-App, 
and Jumper Mines, which together were to 
comprise the new Jamestown Mine. The 
mine, originally scheduled for production in 
late 1984, was expected to start up in 1986 
at a rate of about 120,000 ounces of gold and 
140,000 ounces of silver per year. Sonora 
acquired the Jamestown properties in 1983 
from New Jersey Zinc Exploration Co. In 
1984, ABM, through another subsidiary, 
Goldenbell Resources Inc., was also explor- 
ing an ore body, the Pine Tree-Josephine 
property, located in Mariposa County be- 
tween Mariposa and Coulterville. 

Placer Services Corp. postponed indefin- 
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itely its plans to open the San Juan Ridge 
gold property. Community opposition, a use 
permit considered too restrictive by the 
company, and low gold prices toward year- 
end reportedly contributed to the decision. 
The new mine had been expected to produce 
38,000 ounces of gold per year. À request by 
Gold Fields Mining for a special-use permit 
to do exploration drilling on its remote gold 
prospect near Shingle Springs reportedly 
sparked a controversy with El Dorado Coun- 
ty residents opposed to mining and culmin- 
ated in the passage of a November ballot 
initiative requiring a 10,000-foot buffer zone 
around any future open pit mining oper- 
ations. The Surface Mining Initiative, called 
Measure A was to go into effect in 1985. 
However, continuing opposition to the ini- 
tiative reportedly may lead to legal chal- 
lenges. 

A cease-and-desist court order issued in 
September 1983 against Noranda Grey Ea- 
gle Mines Inc., as a result of a cyanide leak 
from the holding pond at the Grey Eagle 
Mine in Siskiyou County, was dropped in 
October 1984 in exchange for an agreement 
between the company and the North Coast 
Regional Water Quality Control Board, 
whereby the company would undertake a 
30-year cleanup and reclamation program 
at the minesite following closure in about 2 
years. 

Colorado.—In 1984, the old London Mine, 
near Fairplay, east of Climax, continued to 
be explored and developed by joint owners, 
Cobb Resources Corp. of Albuquerque, NM, 
and HNG Resources Inc. A feasibility study 
to confirm ore reserves and plan future mill 
construction was commissioned in Novem- 
ber; plans called for construction of a 500- 
ton-per-day mill capable of later expansion 
to 1,500 tons per day as mining develop- 
ments warranted. 

In July, Hecla Mining Co. of Wallace, ID, 
suspended underground gold exploration in 
the Cripple Creek-Victor mining district of 
Teller County. Sampling had indicated that 
further exploration work was unwarranted. 
Hecla performed the work under an August 
1983 agreement with Texasgulf Inc., where- 
by Hecla assumed active management of 
properties held by Texasgulf and the Gold- 
en Cycle Gold Corp., which together oper- 
ated as the Cripple Creek and Victor Gold 
Mining Co. Elsewhere in the Cripple Creek 
District, Silver State Mining Corp. of Victor 
and Nerco Minerals Co. of Portland, OR, 
formed a joint venture to continue devel- 
opment of Silver State’s Iron Clad Mine. 
Nerco, as operator of the property, planned 
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to increase production at the mine from 
20,000 ounces per year to over 60,000 
ounces. 

In Boulder County, northwest of Denver, 
Gold Hill Mining Co., a joint venture be- 
tween the mine's owners and Cosmos Re- 
sources Ltd. of Vancouver, British Colum- 
bia, Canada, moved toward an early 1985 
startup at the Cash Mine. The company was 
to mine telluride gold ore from the former 
producer, which had been closed since 1964. 

In March 1984, Standard Metals Corp. of 
New York, operator of Colorado's largest 
gold mine, the Sunnyside Mine at Silverton, 
filed for protection from its creditors under 
chapter 11 of the Federal bankruptcy code. 
Losses attributed to subsidiary companies 
reportedly prompted the filing, which was 
not expected to immediately affect the min- 
ing operations. 

Idaho.—With the completion of a feasibil- 
ity study and construction of minesite facili- 
ties ongoing, Coeur d'Alene Mines Corp. 
moved another step closer to the planned 
spring 1986 startup of the proposed open 
pit, heap leach operation at Thunder Moun- 
tain, 40 miles east of McCall in Valley 
County. The new mine will be centered 
around the ore body of the old Sunnyside 
Mine, formerly a prominent producer. Also 
in Valley County, near Stibnite, seasonal 
operations progressed during 1984 at the 
West End Gold Mine. The operators of the 
mine, Superior Oil Co. of Houston, TX, a 
subsidiary of Mobil Oil Corp., reportedly 
processed 500,000 tons of ore during the 
operating season between May and Novem- 
ber. Superior Oil, together with its joint- 
venture partner, TRV Minerals Corp. of 
Vancouver, British Columbia, Canada, re- 
portedly recovered about 28,000 ounces of 
gold and nearly 12,000 ounces of silver from 
the heap leach operation. Toward yearend, 
TRV was negotiating the possible purchase 
of Mobil's 7596 interest in the property. 

A number of large and small placer min- 
ing operations were active throughout Ida- 
ho during the summer season. In the Lees- 
burg Basin about 10 miles west of Salmon, 
the largest operation, that of Leesburg Land 
and Mining Inc. of Denver, CO, managed 
some intermittent mining late in the season 
following construction of a new plastic-lined 
settling pond to prevent leakage of sedi- 
ment-laden water into nearby Napias 
Creek. Near Murray, ID, north of the Coeur 
d’Alene mining district, operators of the 
Golden Chest claims, Trans-Atlantic Pacific 
Inc. and Golden Chest Inc., reportedly pro- 
duced some placer gold. 
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Many companies actively exploring for 
precious metals in Idaho during 1983 
maintained their interests during 1984. 
Queenstake Resources Inc. and its joint- 
venture partner, Western Resources Inc., 
began exploration and evaluation of their 
5,700 claims in the Neal District of Elmore 
County, southeast of Boise. 

Montana.—Both exploration for metallic 
minerals and metal production from small 
mining operations were reduced somewhat 
from the levels of 1983. Similarly, fewer 
small placer mines operated during 1984 
than in 1983. On the other hand, overall 
gold production in the State surpassed pro- 
duction of 1983, largely as a result of in- 
creased performance and recovery efficien- 
cies at the new Golden Sunlight Mine, 
which began production in February 1983. 
According to the mine owner, Placer U.S. 
Inc., production at the new mine, near 
Whitehall, increased from nearly 80,000 
ounces in 1983 to about 97,000 ounces in 
1984. Placer U.S. also reported that mill 
throughput increased from 1.6 millon tons 
in 1983 to almost 1.9 million tons in 1984. 
Development of the open pit continued 
during the year as did studies aimed at 
developing the mine’s deep West Mineral 
Hill Zone. 

In Phillips County in north-central Mon- 
tana, Pegasus Gold Inc. continued to pro- 
duce gold and silver from its heap leach 
operation, which processes extremely low- 
grade ore extracted from two separate open 
pit mines, the Zortman and the Landusky. 
The combined production of the two mines, 
located about 2 miles apart, was about 
70,000 ounces. In August, Pegasus merged 
with Montoro Gold Inc. Montoro continued 
to develop its 3,000- to 4,000-ton-per-day 
open pit, heap leach property to be known 
as the Beal Mine at German Gulch, south of 
Butte. | 

Near Lewiston, in central Montana, Gold- 
en Maple Mining and Leaching Co. of 
Kellogg, ID, poured its first bar of gold in 
September, at its new open pit Gilt Edge 
Mine. 

Near Helena, in Jefferson County, Cen- 
tennial Minerals Ltd. of Vancouver, British 
Columbia, Canada, and U.S. Minerals Ex- 
ploration Co. of Arvada, CO, continued 
studies directed toward opening their joint- 
venture Montana Tunnels project. A detail- 
ed feasibility study and metallurgical tests 
were concluded near yearend, and a deci- 
sion was made to begin production at a rate 
of about 167,000 ounces of gold per year by 


late 1986. Silver, lead, and zinc were also to 
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be produced as byproducts. 

In 1984, north of Gardiner in Park Coun- 
ty, Homestake and American Copper & 
Nickel filed joint-venture plans with State 
and Federal agencies to pursue develop- 
ment of their property at the old mining 
camp of Jardine in the Absaroka Range. 

According to a State report on mining 
activities in Montana, several old mines in 
the State were reopened for exploration 
during the year; among these were the old B 
and H Pete and Joe Mine, in Madison 
County, by Winchester Gold Corp. of Spo- 
kane, WA, and the old Spotted Horse Mine, 
in Fergus County.? 

Nevada.—In 1984, 11 of the 25 leading 
gold-producing mines in the Nation were 
located in Nevada. Exploration activity con- 
tinued at a relatively brisk pace, and a 
number of new discoveries and mine open- 
ings were announced during the year. 

Near the town of Carlin, in Eureka Coun- 
ty, north-central Nevada, Carlin Gold 
Mining Co., a wholly owned subsidiary of 
Newmont Mining Corp., began development 
of its new Gold Quarry Mine during the 
first quarter. The ore body, 10 miles south of 
the company's Carlin Mine, was discovered 
in 1980 and has since been under extensive 
metallurgical and engineering study. Dur- 
ing 1984, about 8 million tons of overburden 
at Gold Quarry was removed to expose the 
new ore body. Facilities to process the ore 
were to be completed in the third quarter of 
1985 with production scheduled to begin at 
that time. With more than 8 million ounces 
of gold, the deposit is the second largest in 
the State. In 1984, production from the 
Carlin Mine of nearly 158,000 ounces, ac- 
cording to Newmont Mining, was down a 
small amount from that of 1983, reflecting a 
decline in ore grades from the Carlin, Blue 
Star, and Maggie Creek pits as well as 
declines in both tonnage and grades of ores 
processed by heap leaching. 

Freeport Gold Co., a wholly owned subsid- 
iary of Freeport-McMoRan Inc., reported 
that gold production at its 70%-owned En- 
field Bell Mine, at Jerritt Canyon, north of 
Elko, amounted to 243,000 ounces, down 
from the 262,000 ounces produced during 
1983, but still well above the design capacity 
of 200,000 ounces. Conversion of the original 
dual-circuit mill in late 1983 to a single ore- 
treating system treating lower grade (0.220 
ounce per ton) ore was the principal reason 
for the lower production total. Under the 
new system, gold recoveries were increased 
from 86% in 1983 to about 91% in 1984. 
Total ore mined reached a record-high level 
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during the year, and mill throughput rose 
11% over that of 1983, exceeding the daily 
design capacity of 2,750 tons by nearly 600 
tons. The remaining 30% interest in the 
Jerritt Canyon property is held by FMC 
Gold Corp., a subsidiary of FMC Corp. In 
1984, Freeport Gold's search for additional 
gold reserves was focused on the Jerritt 
Canyon area and also on Big Springs in 
northern Nevada, where the company was 
conducting engineering and metallurgical 
studies to better define the potential re- 
serves of this deposit. 

On October 19, following a 4-month con- 
struction period within an overall span of 
23 months from acquisition to gold produc- 
tion, Lacana Gold Inc. of Reno, a 70%- 
owned subsidiary of Lacana Mining Corp. of 
Toronto, Ontario, Canada, officially opened 
its new Relief Canyon gold mine. The new 
mine, east of Lovelock, in Pershing County, 
will employ open pit mining methods fol- 
lowed by heap leaching to recover approx- 
imately 24,500 ounces of gold per year. The 
same week that Relief Canyon opened, La- 
cana Gold, together with its joint-venture 
partners, opened a second new gold mine, 
the Dee Mine, 57 miles northwest of Elko 
and 12 miles northwest of the Carlin Mine. 
The new open pit property, expected to 
produce 40,000 ounces of gold per year, was 
developed by Lacana Gold and its partners, 
Dome Mines Exploration (U.S.) Ltd., Ray- 
rock Mines Inc. (a subsidiary of Rayrock 
Resources Ltd. of Toronto, Ontario, Cana- 
da) and J. S. Livermore; together, the 
partners formed the Cordex Syndicate from 
which the operator, Dee Gold Mining Co., 
was established. Unlike at the Relief Can- 
yon property, gold recovery at the Dee Mine 
entailed both heap leaching and conven- 
tional cyanide milling processes. Shortly 
after the opening of the Relief Canyon and 
Dee properties, production began at the 
Preble deposit, under development also by 
Lacana Gold with partners Rayrock Mines 
and United Siscoe Mines Inc. The partners 
together constitute the Pinson Mining Co., 
operator of the Pinson gold mine, northeast 
of Winnemucca. The Preble deposit, 15 
miles south of the Pinson open pit, was to be 
mined by open pit methods with higher 
grade ores to be processed at the Pinson 
mill; lower grade ores were to be heap 
leached. Production was expected to be 
about 17,000 ounces per year. Early in the 
year, Pinson began testing its new CX Zone, 
an ore body discovered immediately north- 
east of the Pinson pit. Near Hawthorne, 
Lacana Gold and Westley Mines Ltd. in- 
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vestigated the feasibility of opening their 
Santa Fe gold and silver prospects; bulk 
heap-leaching tests were in progress at 
yearend. 

In November, the Duval Corp., the min- 
ing subsidiary of Pennzoil Corp. began 
production at its new Fortitude gold and 
silver mine adjacent to its Battle Mountain 
Mine in Lander County. The new mine was 
expected to yield, when fully eperational, 
200,000 ounces of gold and more than 
250,000 ounces of silver per year. In terms of 
gold reserves, Fortitude, discovered in 1981, 
is the fifth largest deposit in Nevada. 

Cominco American Incorporated's open 
pit Buckhorn Mine in Eureka County 
started up in June but was shut down in 
November for modification of the ore- 
handling and crushing equipment. The 
modification was to be completed in early 
1985, and a decision about reopening the 
mine was to be made then. The small heap- 
leaching operation, which utilizes a cement 
agglomeration step to enhance the effective- 
ness of the leaching process, had been under 
development since 1983. The mine was de- 
signed to yield and process gold ore at a rate 
of 750,000 tons per year. East of Reno, in 
‘Storey County, the Gooseberry Mine of 
ASARCO Incorporated and Ican Resources 
reached full production capacity in 1984 of 
350 tons of gold and silver ore per day; 
improvements in the leaching circuit of the 
mill reportedly paved the way for greater 
productivity. At Manhattan, 50 miles north- 
east of Tonopah, Tenneco Minerals Co. 
started production at its Manhattan open 
pit gold and silver mine; the mine had been 
closed since early 1982. In 1984, in Lander 
County, Minex Resources Inc. of Riverton, 
WY, poured its first bar of gold recovered 
from heap-leaching operations at its new 
open pit Fire Creek Mine. 

In Humboldt County, Standard Slag Co. 
of Reno and Youngstown, OH, began pro- 
duction at its new 3,500-ton-per-day open 
pit, heap-leaching gold and silver operation. 
The néw mine, known as the Lewis Mine, 
began production in August and was the 
first mining project to be developed in the 
State with the aid of industrial development 
bonds. 

At the beginning of the year, the Miner- 
als Div. of FMC Corp. announced the discov- 
ery of a major gold and silver deposit at 
Paradise Peak near Gabbs, in Nye County. 
Preliminary tests at the Paradise Peak 
project indicated reserves in excess of 1 
million ounces of gold and 43 million ounces 
of silver. Further testing and environmen- 
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tal assessment were proceeding toward 
yearend with a startup date targeted for 
mid-1986. In late 1984, Atlas Corp. an- 
nounced that a substantial quantity of gold- 
bearing ore had been discovered by surface 
drilling on its Gold Bar properties in Eure- 
ka County; commercial open pit production 
was expected to begin before the end of 
1985. 

The ownership status of several oper- 
ations was changed or modified during 1984 
with foreign corporations, chiefly Canadian, 
as prominent new partners in several trans- 
actions; the most notable change was the 
purchase by Echo Bay Mines of The Louisi- 
ana Land and Exploration Co.’s wholly 


owned subsidiary, the Copper Range Co. 


Copper Range held a 50% interest in, and 
was the operator of, the Round Mountain 
gold mine in Nye County. The change in 
ownership was scheduled to become effec- 
tive January 1, 1985. Additionally, during 
1984, Homestake acquired Felmont Oil 
Corp., owner of a 25% interest in the Round 
Mountain property. The remaining 25% 
interest was held by Case, Pomeroy and Co. 
of New York. 

Oregon.—Most producers listing gold as a 
principal product produced on an intermit- 
tent or seasonal basis. According to an 
annual review of activities prepared by the 
State,’ production of lode gold was mainly 
from Silver King Mines Inc.'s Iron Dyke 
Mine in Baker County; the Thomason Mine, 
also in Baker County, which has been op- 
erated on a seasonal basis for the past 6 or 7 
years; and the Pyx Mine in Grant County, 
operated seasonally since 1980. During 
1984, a number of small placer mines oper- 
ated in Baker and Grant Counties and in 
the southwestern Oregon counties of Jose- 
phine and Douglas. 

According to the State report, production 
at the old Iron Dyke Mine was about 6,000 
tons, averaging 0.26 ounce of gold, 1.4 
ounces of silver, and 2.3% copper per ton. 

American Copper & Nickel continued ex- 
ploration in the Susanville and Sunrise 
Butte Districts of Grant County and at the 
Bald Mountain-Ibex Mines area of Baker 
and Grant Counties, where nearly 13,000 
feet of drilling was performed under a joint 
venture with Nerco of Portland. Rayrock 
Mines continued exploration for additional 
reserves at the Turner-Albright gold and 
base metal massive sulfide deposit in Jose- 
phine County. The search for epithermal- 
type gold deposits was continued in Mal- 
heur County in eastern Oregon and Lake 
County in south-central Oregon; companies 
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that have been involved there included 
Homestake, Manville Corp.  Freeport- 
McMoRan, The Anaconda Minerals Co., 
and Meridian Land and Minerals Co., the 
exploration arm of Burlington Northern 
Inc. 

South Dakota.—According to Home- 
stake, the Homestake Mine at Lead, the 
Nation’s largest underground gold mine, 
produced 295,941 ounces of gold, 3.8% below 
the 307,494 ounces produced in 1983. Home- 
stake’s average cost of production in 1984 
was $324 per ounce compared with $301 in 
1983. During 1984, the average grade 
dropped by 9.8%, and this was a major 
contributor to the higher per ounce produc- 
tion cost. Production began at the mine’s 
open pit test site at Terraville. Surface ore 
production totaled 202,000 tons at an aver- 
age grade of 0.054 ounce per ton. Total gold 
production from the open pit was 10,958 
ounces with a mill recovery of 88%. Test 
milling was to continue through 1985 while 
evaluation of test results were to determine 
the feasibility of beginning commercial pro- 
duction. | 

During 1984, Homestake announced 
plans to begin work on its Ragged Tops gold 
project adjacent to Spearfish Canyon, near 
Savoy in Lawrence County. Mining activi- 
ties were expected to be conducted for 5 
years, and a total of 870,000 tons of ore— 
15,000 tons per month during peak activ- 
ity—was to be crushed on-site and trans- 
ported to existing processing facilities at 
Lead. 

Also in Lawrence County, at the Bald 
Mountain project, a 50-50 joint venture 
between Homestake and Wharf Resources 
(USA) Inc. of Helena, MT, a tentative agree- 
ment was reached on the course to be 
followed by the partners in developing the 
Foley Ridge portion of the project. Adjacent 
to Bald Mountain, Wharf Resources applied 
for and was granted permits necessary to 
allow the company to operate its new Annie 
Creek open pit, heap leach operation on a 
year-round basis, thereby increasing its an- 
nual ore production from 500,000 to 800,000 
tons. À new pumping system was installed 
that will reportedly allow the leaching proc- 
ess to proceed uninterrupted throughout 
the year. Heavy summer rains forced a 
temporary shutdown of the leaching oper- 
ations to avoid exceeding the holding capac- 
ity of leachate ponds. 

Early in the year, Viable Resources Inc. 
and St. Joe American Corp., a subsidiary of 
the Fluor Corp., entered into a joint venture 
to further evaluate Viable's carbonate min- 
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ing properties. An extensive geochemical 
and drilling program had been completed 
earlier, and metallurgical studies indicated 
that a large low- grade ore body amenable to 
heap leaching existed at the Lawrence 
County prospect. Near Lead, Lacana Min- 
ing of Toronto, Ontario, Canada, reported 
that preliminary work at the Gilt Edge 
property had indicated proven and probable 
open pit reserves of mixed oxide and oxide- 
sulfide material of 5.7 million tons grading 
0.057 ounce of gold per ton. Large-scale 
metallurgical testing was in progress at 
yearend. 

Utah.—As a consequence of the continu- 
ing slump in the world's copper markets, 
Kennecott reduced its mining operations at 
the Bingham Canyon Mine near Salt Lake 
several times during the year. The reduc- 
tion in copper output also affected the 
output of gold, which is recovered as an 
important byproduct. 

In July, Getty Mining Co., a wholly own- 
ed subsidiary of Texaco Oil Co., completed 
the first full year of production at its new 
Mercur gold mine about 25 miles south of . 
Tooele. In March, Sunshine Mining Co. 
resumed shipments of gold and silver ore 
from the Trixie Mine near Eureka. Sun- 
shine operated the mine under a lease 
purchased from Kennecott in April 1983. 
Production in 1984 was the first from the 
East Tintic mining district since 1982, when 
Kennecott closed the mine. 

Washington.—In 1984, interest in gold 
was again directed toward developments 
around Wenatchee in Chelan County where 
Asamera Minerals (U.S.) Inc. and its part- 
ner, Breakwater Resources Ltd., both affili- 
ates of Canadian companies, continued to 
develop the new $50 million Cannon Mine, 
scheduled to begin production in 1985. Full 
production, expected near yearend 1985, 
was scheduled at an estimated rate of 
150,000 to 180,000 ounces per year plus 
subordinate quantities of silver. By yearend 
1984, most of the major underground facili- 
ties were in place and construction of the 
new 2,000-ton-per-day flotation mill was 
well advanced. Further evaluation of the 
mine's B-Reef ore bodies reportedly increas- 
ed the proven and probable ore reserves to 


. more than 5 million tons averaging 0.214 


ounce of gold per ton. New underground 
facilities completed include a production 
shaft, 5,000 feet of decline, 2,000 feet of level 
development, and an underground crusher. 
The results of metallurgical and pilot plant 
studies reportedly indicated that gold recov- 
eries of 86% to 92% at the new mill should 
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be obtainable. Construction of a tailings 
impoundment dam was underway at year- 
end. The joint venture expanded its explora- 
tion and land acquisition activities to se- 
lected associated properties in the area of 
the Cannon Mine, and by yearend, the 
partners controlled more than 4,000 acres. 

Part of the B-Reef Zone is held by United 
Mining Corp., which in midyear merged 
with Silver Strike Resources Ltd. of Van- 
couver, British Columbia, Canada, and at 
the same time finalized an option agree- 
ment with Tenneco Inc. to explore Wenat- 
chee area properties. Subsequent drilling by 
Tenneco in the B-Reef holdings reportedly 
cut mineralized ground assaying as high as 
1.35 ounces per ton over 51 feet. 

The excitement generated by the We- 
natchee developments attracted numerous 
individual and corporate gold seekers to the 
lower Wenatchee Valley. Among the many 
companies with a land position and with 
active exploration programs underway were 
Teck Resources (U.S.) Inc., Weaco Resources 
Ltd., Templar Mining Co., Seagold Ltd., and 
Del Norte Chrome Corp.; many other areas 
of Chelan County with gold potential also 
received attention. 

Following discovery of additional gold 
and silver reserves at the Knob Hill Mine 
near Republic in Ferry County, Hecla, re- 
versing its earlier announced decision to 
close the mine, extended operations for at 
least 2 more years. Hecla also milled ores 
from the nearby Seattle Mine, operated by 
Crown Resources Corp. and its joint-venture 
partners. Crown conducted exploration at 
the Granny property near Curlew and con- 
ducted heap-leaching tests on ore from the 
South Penn Mine near Republic. Heap 
leaching of gold and silver ore was contin- 
ued at the Gold Dike Mine, near Danville in 
Ferry County, by Vulcan Mountain Inc. 
Leaching was begun on 10,000 tons of gold 
and silver ore mined from the Minnie Mine 
near Twisp in Okanogan County. 

Exploration was conducted around many 
of Washington's numerous former gold- 
producing mines and gold prospects; in 
addition to activity in Chelan County, most 
of the activity was concentrated in the 
Okanogan Highlands of Stevens, Ferry, and 
Okanogan Counties. Rexcon Inc. of Spokane 
continued exploration and drilling at its 
Junction Reef Prospect in Lincoln County. 
Mining and exploration activities in the 
State during the year were summarized by 
the Washington State Department of Natu- 
ral Resources.? 

The U.S. Bureau of Mines, in conjunction 
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with the Washington State Department of 
Natural Resources, published a series of 
multicolor maps showing Federal lands 
within the State and their availability for 
mineral exploitation. Copies of Geological 
Map GM-30 and its accompanying report, 
entitled "Availability of Federal Land for 
Mineral Exploration and Development in 
the State of Washington," are available for 
a $1 postage charge from the Division of 
Geology and Earth Resources, Department 
of Natural Resources, State of Washington, 
Olympia, WA 98504. 

Other States.—Near Ishpeming, MI, Cal- 
lahan Mining moved into the final stages of 
development and construction at its new 
Ropes Gold Mine, targeted for production in 
mid-1985. The 7,216-foot decline to the ore 
zone was completed near yearend 1984, and 
the inactive Humboldt Mining Co.'s iron ore 
flotation mill, 16 miles from the mine, was 
purchased; renovation to convert the mill to 
process gold ore at a rate of 2,000 tons per 
day was underway at yearend. The total 
capital cost of the new mine was expected to 
be about $20 million, and production was 
expected to be 30,000 to 60,000 ounces per 
year. 

In northern Minnesota, at least six major 
exploration and mining companies were 
actively exploring the greenstone belts in 
Beltrami, Itasca, Koochiching Lake, Lake of 
the Woods, Roseau, and St. Louis Counties. 
The greenstones are believed by some ob- 
servers to be geologically similar to those 
hosting the recently discovered deposits in 
nearby Hemlo, Ontario, Canada. The Kerr- 
McGee Corp. of Oklahoma reportedly drill- 
ed up to 150 holes and did some sample 
trenching on 1 of its properties near Ely. 
The company reportedly also held leases on 
lands in Koochiching, Lake of the Woods, 
and St. Louis Counties. Several companies 
exploring for gold and base metals in the 
northern counties in 1983 withdrew during 
1984. 

In the South Pass area of the southern 
Wind River Range of Freemont County, 
WY, a flurry of exploration and claim- 
staking activity occurred during the sum- 
mer when 2,000 acres of previously with- 
drawn land was released for mineral entry. 
Several small lode and placer operations 
were active during 1984 in the area. | 

In April, Freeport-McMoRan executed a 
lease-option agreement with Louisiana 
Land and Exploration and Superior Mining 
Co. to begin exploration at the Bald Moun- 
tain copper and precious metal deposit in 


Aroostook County, ME. In Penobscot Coun- 
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ty, Getty Mining was drilling and investi- 
gating its polymetallic-precious metal prop- 
erty, 10 miles north of Petten. 

Some of the companies actively exploring 
for gold in North Carolina included AMAX 
Exploration Inc., Asarco, Amselco Minerals 
Inc., Cominco American, Gold Fields Min- 
ing, Newmont Exploration Ltd., Petromet 
Resources Ltd., Phelps Dodge, Tenneco, and 
Texasgulf. Cominco American, with its 
joint-venture partner, Yellowknife Bear Re- 
sources Inc., conducted an underground 
sampling program at the old Howie gold 
mine in Union County. Gold Fields Mining 
carried out sampling and drilling at the old 
Sawyer Mine in Randolph County and at 
‘the old base and precious metals mines 
around Gold Hill, southeast of Rockwell in 
Rowan County. In Montgomery County, 
Tenneco conducted geophysical surveys and 
did some drilling, while to the west, in 
Cleveland County, Texasgulf carried out a 
drilling program at the old Kings Mountain 
Mine. In November, Petromet Resources 
signed an option agreement on the old 
Portis gold property in Franklin County, 48 
miles northeast of Raleigh. The company 
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expanded an earlier trenching and drilling 
program to establish minable reserves in 
the main ore zone; a drill hole in the main 
zone reportedly intersected 12 feet of ore 
averaging 0.54 ounce per ton, and another 
hole cut 15 feet averaging 0.35 ounce per 
ton. The Portis Mine produced approxi- 
mately 50,000 ounces between 1835 and its 
last year of operation, 1935. 

In South Carolina, Piedmont Mining Co. 
of Charlotte, NC, was reported to be moving 
toward a targeted early 1985 startup at the 
old Haile Mine near Kershaw in Lancaster 
County. Amselco was reportedly investigat- 
ing gold development possibilities around 
the old Brewer Mine in Chesterfield Coun- 
ty. 

Exploration activity in some other South- 
ern States, though less evident than in prior 
years, nonetheless continued. The old gold- 
producing areas of Georgia, Alabama, and 
Virginia continued to attract the attention 
of both corporate and individual gold seek- 
ers, although by and large the year's lower 
gold prices tended to reduce the level of 
activity, compared with that of 1982-83. 


Table 4.—Mine production of gold in the United States, by month 


(Troy ounces) 
Month 1980 1981 1982 1983" 1984 

UTE os Ste eem essa 8 11,922 98.887 106.956 131.338 138,844 
Februar — 78.301 93.385 109,407 128,604 143,149 
Marchi oou e ded boit uh Ce 87,040 115,200 138,066 150,265 172,082 
POU MESS ³ ᷓꝗↄ²;q ], e a a N E a 89,477 110,366 136,674 158,487 164,840 
ö; ee ee Bd ah. tea M 93,054 108,291 143,212 175,805 180,800 
JUDS.. i. om ore ae s - = 83,219 119,676 116,925 174,808 192,917 
///) ³ÜiWin.] ] K e RUM eek: 59.595 126.675 114.845 175,386 184,308 
A ³ð 8 21,130 125, 505 114,538 187,670 180,854 
September | . 2222252. 13,888 124,629 109,024 184,878 176,271 

§;'—wU put Le uM E e i e ee 84,161 123,201 127,928 179,297 184,103 
November. ... 2. 2s 62h ee eee —Tę 83,366 119,386 127,843 162,082 172,153 
December. 2.63.5 So mw m. eU we koe 102,569 113,960 120,268 147.780 168,463 

Total sc. uuu "T "T s 969,782 1,379,161 1.465.686 1.956.400 2,058,784 
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Table 8.—Gold produced in the United States by cyanidation! 


5 To and Leaching in open heaps or dumps? 
" osed | 

n Ore treated B M id Ore treated Gold recovered 

(short tons) (troy ounces) (short tons) (troy ounces) 

1980 JJ; tk ee epee 7,869,153 483,113 3,910,427 120,142 
. ͥA·A hr el ch RECREATION 7,023,836 648,334 8,875,392 264,408 
%õ·§˙%ê ß ĩ . D Pane 1,616,036 110,688 12,294,232 391,033 
1983 | | 2222222222222 11,317,285 1,086,205 16, 178,533 499, 403 
•öĩ; ⁵ð⁵ m x ¼ͤ 8 12,063,871 1,136,504 19,857,613 524,553 


"Revised. 

! May include small quantities recovered by leaching with thiourea, by bioextraction, and by proprietary processes. 
Includes autoclaves. ZEE 

3May include tailings and waste ore dumps. 

*May include small quantities recovered by gravity methods. 


Table 9.—Gold produced at placer mines in the United States, by method of recovery! 


Material Gold recoverable 
| Mines : washed J 
Method of recovery produc- Washing (thousand poate Value SE E 
: plants i san (thou- ied 
| | ing cubic troy 2a per cubic 
| yards) ounces Sands) . yard 

Bucketline dredging: 

1980... ee as Ai e ree 2 3 2170 3 $1,719 $10.111 

Ee a Mo MT E E A Mes OSES 3 5 22,190 15 6,731 3.073 

) eee ec tala A ee 6 8 4,702 22 8,130 1.729 

Iĩõĩ7?0ẽ TEE SEET y tcl PON 3 4 4,785 30 12,512 2.615 

II/ ar tga Se et 3 4 5,461 33 11,757 2.153 
Dragline dredging: 

| Se eS ͤ K ee TEN 3 11 355 46 3,379 55.780 

NOS Pees ciate Oak ae eh ] . RNE 1 7 330 43 1,200 513.023 

)))) 8 3 14 329 *3 1,188 518.960 

33. 88 2 13 3110 43 1,333 53.481 

| bs 5 See eR et EEE md eT A epee 4 15 3126 44 1.593 512.617 
Hydraulicking: 

e pee Ns ee Bo o cic Ec e ate ce 14 14 453 4 2,657 5.869 

JJJJJ•öð0õ munie e eL 86 7 7 113 1 526 4.678 

I)))J.ü;üöüü mei Le 4 4 17 ($) 139 8.026 

p DE C E LS I S 1 1 3 (ê) 117 43.342 

| o. ARE eee 8 1 1 28 (9) 90 3.220 
Nonfloating washing plants: 

r sad E es DO ROE 7 10 3314 44 2,605 7.811 

IJköͤ ³ A eS 9 13 3894 49 4,438 4.869 

1982. cc ¾˙ wr 10 11 805 13 4.8 6.000 

/•ö§ö˙ð PUDOR IR 16 r6 1961 118 17,450 17.750 

II)! ( ³ Lir LE 8 8 302 3 1,036 3.345 
Underground placer, small-scale mechanical 

and hand methods, suction dredge: 

198078 ouo eic e e i ERES 2 2 3 ($) 33 12.473 

VOB Mes at 5 te net mt ie oS he ese utt 6 7 108 1 401 3.728 

J.;·³—öͤÜ..; de Lr cic PE 15 15 30 ($) 174 5.848 

IUS e ³˙ W ee e i. 28 24 3167 43 1,431 7.831 

j|: MMC hs ee EAE 10 11 225 1 2.017 
Total placers:“ 

s). E 28 40 2 3994 417 10,394 57.220 
TOS] aed itur ur K 26 39 2 33,335 429 13,296 53.719 
II)) ERE RTO 38 52 5,584 438 14,460 52.475 
IJ. ĩ K aen fee r35 148 T 36.026 r 454 722,849 r 53.792 
1984 ui Lune ee 26 39 36,142 441 14,930 52.426 


Revised. 

'Data are only for those mines that report annually on the Bureau of Mines voluntary survey; there are many more, 
usually smaller and less well-established operations, mainly in Alaska, that do not report. 

Does not include platinum-bearing material from which byproduct gold was recovered. 

SExcludes tonnage of material treated at commercial sand and gravel operations recovering byproduct gold. 

“Includes gold recovered at commercial sand and gravel operations. 

Gold recovered as a byproduct at sand and gravel operations is not used in calculating average value per cubic yard. 

SLess than 1/2 unit. 

"Data may not add to totals shown because of independent rounding. 
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Table 10.—U.S. refinery production of gold 


(Thousand troy ounces) 


Raw material 1980 1981 1982 1983 1984 

Concentrates and ores: 
DomestiC ——— o ee es Se 773 801 718 885 747 
J õͤ ͥ ⁰¹-w m ⁵ CA aee 14 4 1 7 4 
Old scrap? __________- hah Pc eat ap eta ena 2,184 1,610 1,444 1,380 1,310 
New scrap ____________________________- L 1,640 1,475 1,596 71,598 1,721 
Total us lent ] A 8 4,612 3,890 3,760 79,810 3,182 

TRevised. | 


'Excludes upgrading of U.S. Government-owned 
2, 321 ,981 ounces in 1980 and 2,476,628 ounces in 1981. 


old (mostly coin gold) by the U.S. Assay Office, amounting to 
fining activity terminated in Sept. 1981. 


2Data may not add to totals shown because of independent rounding. 


CONSUMPTION AND USES 


U.S. demand for gold in its various forms 
at an estimated 3.1 million ounces was only 
fractionally greater than similar data re- 
corded in 1983. As in previous years, gold's 
use in jewelry and the arts was dominant 
(about 53% of total demand). Gold's indus- 
trial uses, as in electronic products, special- 
ty alloys, and aerospace applications, ac- 
counted for about 35%. Of the remaining 
12%, virtually all was absorbed in dental 
applications. 

Gold coins and medallions of U.S. Govern- 
ment mintage absorbed by the domestic 
market during the year included nearly 
500,000 ounces of newly struck U.S. Depart- 
ment of the Treasury Medallions, part of 


the Celebrated American Artist Series, and 
156,000 ounces contained in the new olym- 
pic gola coin, the first official gold coin 
minted in the United States in over 50 
years. 

The intensity of gold futures trading ac- 
tivity on the Nation’s commodity exchanges 
was somewhat less than during the period 
from 1979 through 1983, when contracts 
totaling over 1 billion ounces per year were 
traded. The reduced contract volume traded 
during 1984 apparently reflected policy ad- 
justments by several traders, expanded co- 
operation between domestic and foreign 
markets, and the increasing popularity of 
alternative investment vehicles. 


Table 11.—U.S. consumption of gold,' by end use 


(Thousand troy ounces) 
End use 1980 1981 1982? 1983? 1984? 
Jewelry and the arts: 

Karat gold- - ------------------------——- 1,249 1,420 1,638 11,410 1,384 
Fine gold for electroplatin ggg 30 24 17 18 18 
Gold-filled and other 226 286 301 237 225 
ü ⁵ĩð2U⁊¼³ĩ ² rte ed d 1,505 1,730 1,954 71,665 1,627 
Dental. .—— LL Ns Na 341 314 358 360 363 

Industrial: 
, ß hd es aa 38 50 64 44 42 
Fine gold for electroplating. g — 592 528 389 344 415 
Gold-filled and other! 657 633 649 1644 628 
7!;ö§;à—.! ů • PkÄE ! e n lE orn 1.287 1.210 1.102 11.032 1.084 
Small items for investment! 82 22 9 r3 8 
Grand totals?vʒwdl 2 22 L Lll 3,215 3,276 3,423 13,061 3,082 

r Revised. 


18 old consumed in fabricated products only; does not include monetary bullion. 


Mata may include estimates. 


Data may not add to totals shown because of independent rounding. 


*Fabricated bars, medallions, coins, etc. 
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STOCKS 


Official.—Domestic bullion stocks at 
yearend were down nearly 600,000 ounces 
from that at yearend 1983. This decline 
probably largely reflects diversion of bul- 
lion to satisfy the minting requirements of 
official coin and medallion programs. 

Official gold reserves of the market econo- 
my countries, including stocks held by the 
International Monetary Fund (IMF) and the 
Bank for International Settlements, totaled 
1.142 billion ounces at yearend compared 
with yearend 1983 stocks of 1.143 billion 
ounces. IMF stocks at yearend 1984 of 103 


million ounces were unchanged for the 
fourth consecutive year. | 

Commercial.—Industrial stocks of re- 
fined gold at yearend registered an increase 
of 140,000 ounces over stocks on hand at 
yearend 1983, perhaps reflecting both an 
optimism for continued improvement in the 
business climate and gold's relatively favor- 
able price levels toward yearend 1984. 
Stocks of gold on hand at the Nation's 
futures exchange at the close of the year 
were little changed from those reported at 
the end of 1983. 


Table 12.—Yearend stocks of gold in the United States 


(Thousand troy ounces) 


Indust 
Futures echangnee n! 
Department of the Treasury! |... 
Earmarked gold]! 


— —— =e — — = =e —— —— —— —— —— —— — — —— H — H — 


Includes gold in Exchange Stabilization Fund. 


1980 1981 1982 1983 1984 
872 635 776 630 773 
4,998 2,449 2,303 2,530 2,359 
264,330 264,116 264,046 263,406 262,814 
350,640 348,555 341,402 337,873 


2Gold held for foreign and international official accounts at New York Federal Reserve Bank. 


PRICES 


The price of gold on international mar- 
kets, although generally lower in 1981-84 
than the record-high level of $850 per troy 
ounce reached in early 1980, remained well 
above levels established -prior to 1980. The 
Engelhard Industries-London daily final 
price per ounce of refined gold began 1984 
at $383, peaked at nearly $406 in early 
March, then declined steadily toward year- 


end, reaching the year’s low of $307.90 on 
December 20. The average for the year was 
$360.66 compared with the 1983 average of 
$424. Improvements in the U.S. and world 
economic outlook plus increasing value of 
the U.S. dollar beginning in midyear appar- 
ently contributed to gold’s price decline 
during the second half of the year. 


GOLD 423 
Table 13.—U.S. gold prices! 
(Dollars per troy ounce) 
Period Low (date) High (date) Average 
C uA EI ELE 481.50 (Mar. 18) 850.00 (Jan. 21) 612.56 
Ill 8 391.25 (Aug. 4) 599.25 (Jan. 6) 459.64 
IURE hi ³˙A i E D CLP i ace 276.75 (June 21) 481.00 (Sept. 7) 375.91 
J; ͤõͤĩ²1Ü01 x. ͤ 8 374.65 (Nov. 21) 509.25 (Feb. 15) 424.00 
1984: 
January ~- .-------------------——- 365.10 (Jan. 24) 383.00 (Jan. 3) 371.29 
February nec 8 376.00 (Feb. 14) 399.25 (Feb. 28) 386.36. 
I ³ð A Stench er tet 385.75 (Mar. 28) 405.85 (Mar. 5) 394.66 
III t 8 376.20 (Apr. 30) 387.20 DE 1) 381.98 
JJ ((V 371.90 (May 8) 386.80 — (May 30) 377.68 
J/7//ôöĩÄ—⸗gkfkf d 8 368.30 June 18) 394.15 June 1 and 5) 378.06 
Maly ete Soe eee ee 33540 July 23) 37040 July 2) 346.84 
August... 339.40 (Aug. 1) 354.40 (Aug. 14) 348.09 
September ern 335.65 (Sept. 17) 348.15 (Sept. 24) 341.31 
7/ö%%ͤ;»õÜ1»» 8 333.90 (Oct. 31) 348.90 (Oct. 3) 340.57 
Novemberkr‚ 329.40 (Nov. 28 and 30) 350.85 (Nov. 13) 341.54 
December 2 2.5.26 307.90 (Dec. 20) 332.40 (Dec. 4) 319.50 
ͤĩôàẽE Aiea tm A eh eels ase XX XX 360.66 
XX Not applicable. 
!Engelhard Industries daily quotation. 
FOREIGN TRADE 


The growing strength of the U.S. dollar in 
foreign exchange during the year was re- 
flected by an increase in net imports of 
many commodities and products. Gold in 
one form or another was among those com- 
modities that registered substantial gains in 
net inflow during the year; net imports of 
refined metal were nearly 70% greater than 
net imports of 1983. Conversely, the United 
States was, as in 1983, a net exporter of 
gold-bearing waste and scrap materials, 


which, in large part, went to overseas refin- 
ers and semirefiners. Some of these same 
materials probably returned later as im- 
ports of refined or partially refined gold in 
one form or another. 

Gold imported in bullion coins such as the 
South African krugerrand and the Canadi- 
an maple leaf amounted to nearly 2.8 mil- 
lion ounces during 1984, up nearly 4296 over 
comparable 1983 imports. 
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WORLD REVIEW 


World gold mine production continued to 
grow in 1984, with the Republic of South 
Africa accounting for nearly 50% of the 
world mine output, and Brazil, Canada, 
China, the U.S.S.R., the United States, and 
58 other countries accounting for the re- 
mainder. 

In its annual summary of world gold 
supply and demand, Consolidated Gold 
Fields reported that the supply of gold 
(excluding most secondary gold) available to 
commercial purchasers in the market econ- 
omy countries was about 46 million ounces, 
or nearly 3 million ounces greater than that 
available during 1983.10 Of the 1984 total, 
about 37 million ounces was mined in the 
market economy countries, 6.6 million 
ounces originated as net trade with central- 
ly planned economy countries such as Chi- 
na, North Korea, and the U.S.S.R., and net 


sales of gold to the market from official or 


governmental sources amounted to about 
2.7 million ounces. Most of the gold entering 
the world market from the Republic of 
South Africa, the U.S.S.R., and several oth- 
er producing countries continued to be trad- 
ed through long-established outlets in 
Switzerland, the United Kingdom, and oth- 
er Western European countries. 

According to Consolidated Gold Fields' 
report, the consumption of gold in the 
commercial sector of the market economy 
countries during the year was about 39.6 
million ounces, an increase of about 4.2 
million ounces over the demand level esti- 
mated for 1983, and the highest figure since 
1979. Gold consumed in 1984 in the market 
economy countries was divided, in millions 
of troy ounces, with 1983 demand in paren- 
theses, between the following end-use cate- 
gories: jewelry, 26.3 (19.1); electronics, 3.9 
(3.3); dental, 1.6 (1.7); other industrial and 
decorative uses, 1.7 (1.7); medallions and 
unofficial coins, 1.4 (1.0); and official coins, 
4.2 (5.3). 

Australia.— Despite relatively lower gold 
prices, a number of companies with gold 
properties under study in Australia, and 
particularly in the State of Western Austra- 
lia, began production or opted to commit 
the funds necessary to bring their proper- 
ties to productive status. Some established 
producers also directed funds toward ex- 
panding the capacity of their existing oper- 
ations. 

In northeast Queensland at yearend, the 
new Kindston gold mine, 7095 owned by 
Placer Development Ltd., was nearing com- 
pletion, several months ahead of schedule. 


The new open pit mine, to be Australia's 
largest gold mine with a forecasted first 
year's production of over 250,000 ounces, 
was expected to come on-stream in January 
1985. The average production of gold over 
the first 5 years was expected to be 196,000 
ounces per year, at an estimated cost, using 
the February 1985 exchange rate of US$137 
per ounce. The development included con- 
struction of a dam on the Copperfield River, 
14 miles from the minesite and a 185-mile- 
long powerline to deliver electricity to the 
mine from the coastal city of Townsville. 

Elsewhere in Queensland, Central Coast 
Exploration NL, began mining operations 
in 1984 at the Croyden gold deposit. The 
Mount Morgan Ltd. and Anglo American 
Gold Pty. Ltd. mill tailings retreatment 
operation was again the largest gold produc- 
er in the State. Freeport of Australia Pty. 
Inc, a subsidiary of Freeport-McMoRan, 
reported that its exploration efforts at the 
Gympie Prospect had been particularly en- 
couraging. Several drill holes had yielded 
assay values of about 0.05 to 1 ounce of gold 
per ton, and further drilling was planned. 
Freeport-McMoRan’s joint-venture partners 
are Southland Mining Ltd. and Gympie 
Eldorado Gold Mines Pty. Ltd. Other gold 
prospects that were under evaluation in the 
State included the placer deposits in the 
Palmer River region of north Queensland, 
old lode mines at Day Dawn and Last 
Chance, and prospects at Mount Rawdon, 
Mount Leyshon, Selwyn, and Starral. 

In the State of New South Wales, Renison 
Goldfields Consolidated Ltd., the Australian 
subsidiary of Consolidated Gold Fields of 
the United Kingdom, continued drilling and 
evaluation of its Peak Hill gold prospect. 
The company also conducted similar explo- 
ration at its jointly held Beaconsfield proj- 
ect in Tasmania. Near Wagga Wagga, New 
South Wales, British Petroleum Ltd., to- 
gether with its 75%-owned Seltrust Hold- 
ings Ltd., explored the Temora gold pros- 
pect. 

Western Mining Corp. Holdings Ltd. 
(WMC) began a major percussion drilling 
program in conjunction with its ongoing 
exploration of the historic Bendigo Gold- 
field in the State of Victoria. The company 
reported that results obtained by midyear 
were encouraging and that drilling was 
continuing. WMC's Stawell joint venture, 
50% with Central Norseman Gold Corp. 
N.L., began production near yearend and 
became Victoria's major producer. Con- 
struction at a 220,000-ton-per-year, carbon- 


GOLD 


in-leach gold treatment plant was complet- 
ed, and treatment of ores mined from both 
the open pit and underground operations 
began in August. Production was expected 
to be about 26,000 ounces per year. In the 
State of South Australia, WMC continued 
feasibility studies on the jointly held Olym- 
pic Dam deposit, one of the largest deposits 
ever found in Australia. 

In Australia's Northern Territory, Reni- 
son Goldfields and its partner, Enterprise 
Gold Mines NL, announced an agreement, 
subject to environmental approval and a 
final partnership agreement, to proceed 
with development of the Pine Creek gold 
mine. The mine was expected to start pro- 
ducing gold in 1985 at a rate of about 57,000 
ounces per year. In 1984, in the Tanami 
(central-western region of the Northern 
Territory), North Flinders Mines Ltd. began 


underground exploration at the Granites. 


gold project. A feasibility study to consider 
mining the Granites deposit was scheduled 
for completion in 1985. Peko-Wallsend 
Ltd's Warrengo Mine at Tennant Creek 
was again the Northern Territory's leading 
producer, yielding nearly 59,000 ounces of 
gold in the 1983-84 financial year. Copper 
and bismuth concentrates were byproducts. 
In January 1984, the company began shaft- 
sinking operations at its developing Argo 
Mine (formerly known as Explorer 46) just 
outside of Tennant Creek. 

The State of Western Australia, which 
accounted for more than 80% of Australia's 
gold production, was again Australia's prin- 
cipal center for gold exploration, develop- 
ment, and expansion activity. Exploration 
was especially directed toward those small- 
to medium-size gold deposits amenable to 
open pit mining. 

Several Western Australian properties 
began production or expanded their mining 
or treatment capacity during the year. The 
Nevoria Mine of Southern Goldfields Ltd. 
and Jingillic Minerals NL at Marvel Loch 
was commissioned in December. The mine 
was expected to yield about 27,000 ounces of 
gold per year. Near Leonora, the old Sons of 


Gwalia Mine was reopened as an open pit: 


by Sons of Gwalia N.L. Nearby, Forrest 
Gold, a subsidiary of CRA Ltd., began open 
pit mining at the Tower Hill gold mine and 
produced nearly 17,000 ounces of gold. 
About 80 miles north of Meekathara, at its 
Horseshoe Lights property, Barrack Mines 
Ltd. completed conversion of its treatment 
plant from vat leaching to carbon-in-pulp. 
South of Meekathara, Metana Mineral 
N.L.’s Reedy Mine was commissioned in 
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June and was scheduled, when fully opera- 
tional, to produce about 26,000 ounces of 
gold per year. Further north, in the Pilbara 
region, near Marble Bar, Kitchener Mining 
NL and partners began mining at the Bam- 
boo Creek Mine. Both open pit and under- 
ground methods were to be used. Retreat- 
ment of the old dumps at Wilnna by West- 
ern Alluvials Pty. Ltd. started in June, and 
by yearend, over 9,000 ounces of gold had 
been recovered. At Kalgoorlie, Central. 
Kalgoorlie Gold Mines began production, 
mostly from small pits on its leases held 
within the town limits. The company pour- 
ed its first gold in September. Other mines 
beginning production in Western Australia 
included the Great Victoria Mine of Great 
Victoria Mines Ltd. and the Porphyry Mine, 
belonging to Edjudina Gold Mines Pty. Ltd. 

Mines nearing production status in West- 
ern Australia at yearend included the Har- 
bour Lights Mine of Esso Exploration and 
Production Australia Inc. and its partners; 
the Paddington Mine at Broad Arrow, just 
north of Kalgoorlie, by Pancontinental Min- 
ing Ltd.; the Broad Arrow joint venture by 
Samantha Exploration NL and partners; 
and the Bluebird Prospect near Meeka- 
thara, under development as an open pit by 
Endeavor Resources Ltd. 

Many other properties throughout West- 
ern Australia, though less developed than 
the aforementioned, were expected on- 
stream by 1985 or 1986. Perhaps the most 
interesting of these developing properties 
was the recently discovered Boddington de- 
posit 75 miles southwest of Perth. The 
discoverers, the Worsley Alumina Consor- 
tium, completed preliminary plans for min- 
ing and treatment of the large deposit, 
which is closely associated with the consor- 
tium’s bauxite deposit. The plans call for 
developing a 3-million-ton-per-year open pit 
operation utilizing carbon-in-pulp recovery 
and incorporating special handling proce- 
dures to effectively deal with the high clay 
content of the ore. Preliminary estimates of 
the extent and quality of the deposit suggest 
that a yield of about 170,000 ounces per year 
may be anticipated. The consortium is a 
joint venture between Reynolds Alumina 
Australia Ltd. (40%), Shell Co. of Australia 
Ltd., BHP Co. Ltd., and Kobe Alumina 
Associates (Australia) Pty. Ltd. 

Western Australia’s largest gold produc- 
ers, Kalgoorlie Mining Associates (KMA) 
and WMC, were responsible, through their 
various holdings, for much of the State’s 
production during 1984. KMA operated two 
mines in Kalgoorlie; the largest, the Mount 


428 


Charlotte operation at the east end of the 
town's center, together with the company's 
nearby Fimiston Mine produced 194,302 
ounces of gold, including metal recovered 
from cleanup and miscellaneous sources. At 
Mount Charlotte, the new concrete-lined 
Cassidy shaft was extended to 3,800 feet and 
numerous improvements were made at sur- 
face facilities. WMC's extensive gold oper- 
ations at Kalgoorlie, Kambalda, Lancefield, 
Norseman, and Mount Magnet, and not 
including production at affiliated KMA 
mines in Kalgoorlie, amounted to 275,228 
ounces. 

Brazil.—The classic gold rush that began 
in earnest in 1980 following the discovery of 
the rich Serra Pelada deposit in Brazil's 
northern State of Pará continued through- 
out most of 1984, although with less intensi- 
ty than the 1980-83 period. A number of 
reports covering the gold rush in Brazil 
were released during 1984. One report," 
noted that during the summer over 1,000, 
mostly hand-built, floating suction dredges 
were working on the underwater placer 
gold deposits along the Rio Madeira, which 
flows northeastward out of the Andes 
Mountains. Gold-bearing rivers such as the 
Tapajós and others were similarly populat- 
ed. 

At the Serra Pelada Mine, a 6-month 
closure of the huge hand-dug open pit, 
followed by violent clashes between police 
and individual prospectors, known as gar- 
impieros, demanding its reopening, and 
problems associated with pit slope instabili- 
ty and uncontrollable water incursions com- 
bined to lower the mine's estimated produc- 
tion to about 70,000 ounces from the 400,000 
or so ounces estimated to have been recov- 
ered during 1983. In 1984, Mineração Morro 
Velho S.A. (MMV), an indirect subsidiary of 
the Anglo American Corp. of South Africa 
Ltd. (AAC), which operated two gold-mining 
complexes in the States of Bahia and Minas 
Gerais, continued work aimed at expanding 
its annual production capacity to nearly 
300,000 ounces per year by 1986. Much of 
the expansion entailed reopening of the old 
Raposos Mine and construction of a new 
mine at Cuiba, both in Minas Gerais. Ex- 
tractive metallurgical tests were conducted 
on the ores from both properties to deter- 
mine the processes required to effect opti- 
mum gold recoveries. MMV's principal op- 
eration was the old Morro Velho Mine near 
Nova Lima. The company continued to 
concentrate its gold exploration efforts in 
Minas Gerais as well as in the States of 
Goiás and Bahia where further exploration 
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took place and resulted in studies being 
extended to parts of the Amazon Basin. Also 
in Minas Gerais, the Republic of South 
Africa's General Mining Union Corp. Ltd. 
(Gencor) reached a decision to spend $90 
million to bring its Sao Bento gold mine into 
production by early 1987. Gencor, with its 
Brazilian partners, expected to recover 
nearly 60,000 ounces per year from the new 
underground operation. 

North of Serrinha, in the State of Bahia, 
Cia. Vale do Rio Doce, the Brazilian state 
mining company, through its exploration 
arm, Rio Doce Geologia e Mineracao S.A. 
(Docegeo), continued exploration and devel- 
opment of its recently discovered Araci 
Mine, also known as the Fazenda Brasileiro. 
An open pit, heap-leaching operation pro- 
ducing about 16,000 ounces per year was 
planned. About 100 miles further north, 
Docegeo was investigating an alluvial de- 
posit at Fazenda Mary while further inland 
at Salabo, near Serra Pelada, the company. 
was negotiating with a private company to 
develop another alluvial deposit. Docegeo 
was also investigating lode gold deposits in 
Pará's Serra das Andorhinas area. In other 
gold-related developments, the Brazilian 
Government concluded a number of joint- 
venture agreements with domestic and 
foreign corporations searching for gold 
throughout the country, and the Brazilian 
press reported that the Casa da Moeda do 
Brazil (the mint) in the State of Rio de 
Janeiro would begin gold-refining oper- 
ations capable of producing standard 400- 
ounce “Good delivery" gold bars with a 
purity of 0.9999 fine. The objective of inter- 
nalizing the process was to eliminate the 
need to export gold for refining and thereby 
increase the value received from sales. Once 
converted to “Good delivery" status, Brazil- 
ian bullion reserves become a more liquid 
asset in international financial transactions 
than bullion of a less acceptable quality. . 

Canada.—The spotlight continued on 
gold developments in the Hemlo, Ontario, 
area on the Trans-Canada Highway, 23 
miles east of the town of Marathon, on the 
north shore of Lake Superior. Noranda 
Mines Ltd. and its partners, Golden Sceptre 
Resources Ltd. and Goliath Gold Mines Ltd., 
were rapidly developing their new Golden 
Giant gold mine. Nearby, the Teck Corp. 
and its partner, International Corona Re- 
sources Ltd., were constructing their new 
Corona project. To the west, a third compa- 
ny, Lac Minerals Ltd. of Toronto, progress- 
ed toward an April 1986 startup of its 


Williams property, to be developed using a 
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combination of open pit and underground 
mining methods. The Hemlo properties held 
by Teck-Corona, Noranda-Goliath-Golden 
Sceptre, and Lac Minerals all cover differ- 
ent portions of one large ore body. By 
yearend 1984, Noranda and its partners 
were nearing completion of the five-com- 
partment shaft targeted for a first-stage 
depth of about 3,300 feet, and construction 
of the 1,100-ton-per-day concentrator and 
surface support facilities was nearly com- 
plete. The new mill was constructed to 
accommodate a later expansion to about 
3,300 tons per day. Mining at the Golden 
Giant, originally scheduled to begin in 
December, was postponed until early 1985 
owing to a change in shaft-sinking contrac- 
tors. Feed for the new mill will initially 
come from a newly discovered ore zone, 
minable by open pit methods, 1.5 miles west 
of the main development area. Noranda 
expected to be recovering about 280,000 
ounces of gold per year from the Golden 
Giant by 1987 with final production at a 
rate of about 330,000 ounces per year ex- 
pected later. The company anticipated that 
its gold production costs would be among 
the lowest in the world. 

Construction at the Teck-Corona proper- 
ty, which began in November 1983, essen- 
tially parallels that underway at the Golden 
Giant and includes a four-compartment 
shaft scheduled for a final depth of 3,800 
feet by late 1985. In evaluating its Hemlo 
claims, Teck's exploration efforts during 
1984 produced over 40 miles of diamond 
drill core. Exploration by numerous other 
companies for extensions to the Hemlo 
deposit continued throughout the southern 
part of the region. In December, Lytton 
Minerals Ltd., of Toronto, reportedly discov- 
ered what might turn out to be the long- 
sought Hemlo extension on its Peekongay 
property, located at Heron Bay, 10 miles 
west of Hemlo. However, further explora- 
tion will be required to determine if there is 
any positive geological relationship between 
Peekongay and Hemlo. 

At Dobie, Ontario, in the Kirkland Lake 
area, Inco (65%) and Queenston Gold Mines 
Ltd. (85%) began mining at their new 500- 
ton-per-day McBean Mine. The mine was 
expected to produce about 20,000 ounces per 
year. The new Detour Lake gold mine, 120 
miles northeast of Timmins, Ontario, of 
Campbell Red Lake Mines Ltd. and Amoco 
Canada Petroleum Co. Ltd., which began 
production in late 1983, experienced some 
metallurgical and milling problems, and as 
a consequence, production during 1984 was 
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lower than earlier anticipated. Full produc- 
tion was expected to be 200,000 ounces per 
year. 

In the Northwest Territories at Contwoy- 
to Lake, 56 miles south of the Arctic Circle, 
Echo Bay Mines increased the capacity of 
its Lupin mill by 50%. The Lupin Mine had 
begun production in October 1982 and as a 
result of the expanded mill capacity and an 
increase in the efficiency of recovery oper- 
ation, gold production in 1984 was near- 
ly 182,000 ounces, compared with about 
118,000 ounces in 1983. The 50% increase in 
production capacity during 1984 was accom- 
plished with a total operating cost increase 
of only 13%. The company expected to 
improve its 1985 yield to about 200,000 
ounces. 

Gold mining and exploration activity in 
the Province of Quebec continued at a high 
level during 1984. The effect of weakening 
gold prices toward yearend continued to be 
offset by the positive effects of provincial 
tax incentives that encouraged investment 
in mining. In August, Société Miniére Lou- 
vem Inc. opened its new Chimo gold mine at 
Val d’Or, east of Rouyn, and in July, the 
new 880-ton-per-day mill at the Dest-or 
Mine, 25 miles north of Rouyn, was started 
up by Aiquebelle Resources Inc. A number 
of mines and prospects were in various 
stages of preproduction development else- 
where in Quebec; for example, Corporation 
Falconbridge Copper moved toward an 
early 1985 startup at its new 827-ton-per- 
day Lac Shortt Mine in northwestern Que- 
bec. 

In the Province of Saskatchewan, Flin 
Flon Mines Ltd. began production at its new 
Rio Mine and mill complex, Saskatchewan's 
first producing gold mine in nearly 40 years. 
The new mine will produce about 9,000 
ounces of gold per year. 

China.—Since the ban on sales of gold 
jewelry in China was lifted in October 1982, 
sales of 14- to 18-karat gold jewelry have 
soared, with sales of higher karatage gold 
products reportedly gaining substantially 
during the second half of 1984 and account- 
ing for 65% of overall sales. Increasing 
affluence in China as well as the restoration 
of some traditional Chinese customs were 
reportedly responsible for much of the in- 
crease. Young couples increasingly pre- 
ferred to give gold rings and necklaces as 
tokens of engagement. Gold jewelry tended 
to be purchased by the Chinese more for its 
intrinsic value than for its ornamental qual- 
ities. 

Estimated gold production continues to 
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increase each year as more and more Chi- 
nese are encouraged to prospect. An esti- 
mated 100,000 former peasants were report- 
edly involved in the search for gold during 
1984, with more than 50% considered as 
individual gold panners and the remainder 
working in small mines run by local govern- 
ments and collectives. Gold-mining special- 
ists regularly visited many gold-mining ar- 
eas to encourage further production by 
providing expertise and guidance to small 
miners and prospectors in matters such as 
prospecting, mine development, and equip- 
ment requirements. Rewards for new dis- 
coveries and for increased performance in 
mining and recovery were offered as incen- 
tives by some local and Provincial govern- 
ments. Minting and sales of official gold 
coins was an increasingly popular method 
of earning foreign exchange. 

Shandong Province was again the princi- 
pal gold-producing Province, with new dis- 
coveries and mining activity reported there 
as well as in Guangdong, Heilingjiang, Jilin, 
Qinghai, Shanxi, and Sichuan Provinces. 

Colombia.—In an attempt to stimulate 
greater domestic gold production and to 
discourage smuggling of gold outside of the 
country, Colombia's National Bank was re- 
ported to be paying a 30% premium on 
doméstically produced gold. Smugglers at- 
tracted by the higher prices were reportedly 
bringing some in from neighboring coun- 
tries. Bijou Mines and Oils Ltd., of Trenton, 
Ontario, Canada, reportedly began placer 
mining operations in May at its 3,750-acre 
deposit, 45 miles from Medellín. Bijou also 
maintained ownership of three other Co- 
lombian placer deposits totaling about 8,000 
acres. In December 1983, a proposal by 
Phelps Dodge to reopen the old Marmato 
gold mines was accepted by the Govern- 
ment of Colombia. A feasibility study was 
begun in 1984 for the construction of a 300- 
ton-per-day mill. Reopening of the mines, in 


the western Caldas Department, would be 


through a joint venture between Phelps 
Dodge; Colombia's state-owned mining com- 
pany, Empresa Colombiana de Minas; and 
various private investors. 

Dominican Republic.—Rosario Domini- 
cana S. A., operator of the Pueblo Viejo gold- 
silver mine, was reportedly continuing a 
study aimed at determining the economic 
feasibility of developing the large gold- 
silver-bearing sulfide reserves underlying 
the mine's diminishing oxide zone. Plans to 
develop a pilot plant to test the response of 
the sulfide ore to various precious metals 
recovery techniques were ongoing at year- 
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end. 

Ghana.—The Government of Ghana and 
Ashanti Goldfields Corp. (Ghana) Ltd. 
(AGO), owned 55% by the Government and 
4596 by Lonrho Ltd. of London, negotiated a 
4-year, $158 million loan from a consortium 
of banks led by the International Finance 
Corp. to restore the productivity of AGC 
gold mines and rehabilitate the gold-mining 
operations in the country's Obuasi region. 
The objective of AGC was to increase pro- 
duction from the 260,000-ounce level achiev- 
ed during fiscal year 1983-84 to 400,000 
ounces during fiscal year 1989-90, a level 
last achieved by the mines in the mid- 
1970’s. The two principal components of the 
project were (1) a 5-1/2-year program to sink 
three new shafts and (2) a 3-year program of 
rehabilitating and replacing existing plant 
and equipment as required as well as ac- 
quiring new machinery needed to expand 
capacity. Concurrent with the AGC im- 
provements, efforts were to be undertaken 
to expand the country's gold ore reserves 
through an intensification of exploration. 

Papua New Guinea.—Papua New Guin- 
ea's largest gold producer, Bougainville 
Copper Ltd., at its large open pit copper and 
gold mine at Panguna in the Crown Prince 
Range of north-central Bougainville Island, 
reportedly produced 503,898 ounces of gold 
during 1984, down nearly 75,000 ounces 
from production reported in 1983. Produc- 
tion at the mine, the country's largest 
private employer, declined because of lower 
grades of ore mined plus a labor strike that 
halted production for 16 days. Measured ore 
reserves at yearend reportedly were 744 
million tons bearing 0.0134 ounce of gold 
per ton; this compares with the 1983 year- 
end millhead grade of 0.0160 ounce per ton. 

On the mainland of the Island of New 
Guinea, Ok Tedi Mining Ltd. began mining 
the gold-rich cap at its gold-copper mine at 
an elevation of 7,000 feet in the rugged Star 
Mountains near the country's border with 
Indonesia. Despite numerous difficulties, 
such as a massive landslide, tailings pond 
leaks, and continuous problems associated 
with access to the remote site, construction 
of the new $1.5 billion facility was complet- 
ed on time, with startup operations on 
schedule. Ore processing began in August, 
and the first gold was produced in Septem- 
ber. Total production for the year was 
19,000 ounces. The company proposed sub- 
stantial changes in the timing and scope of 
future project development in light of antic- 
ipated metals prices. The Government of 
Papua New Guinea objected to the propos- 
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als, and at yearend, negotiations with the 
Government as to the future of the project 
were continuing. In the Wau Valley north 
of Port Moresby, New Guinea Goldfields 
Ltd. (NGG), purchased in 1982 by Renison 
Goldfields and Consolidated Gold Fields, 
both of Australia, treated over 250,000 tons 
of oxidized ore at its newly developed open 
pit mine to produce nearly 9,000 ounces of 
gold and 6,000 ounces of silver. An addition- 
al 2,058 ounces of gold and 1,736 ounces of 
silver were produced from associated alluvi- 
al workings, and tributors, independent 
contract miners, produced an additional 
3,663 ounces of gold and 3,022 ounces of 
silver. NGG completed construction of a 
new 770-ton-per-day gravity-amalgamation 
mill in April 1983. A recovery of about 83% 
was realized from the ore, whose major gold 
content is in the 20- to 100-micrometer-size 
fraction. Pending favorable exploration re- 
sults, the company was studying the feasi- 
bility of introducing carbon-in-pulp technol- 
ogy to increase the gold recovery. 

In 1984, exploration was continued at the 
Porgera joint venture, near Mount Hagen 
in the Central Highlands, by Placer (PNG) 
Pty. Ltd. and its partners, Mount Isa Mines 
Ltd. and Renison Goldfields. Placer (PNG) 
reported the discovery of a new ore zone, 
identified by widespread visible gold and of 
considerably higher grade than other zones 
thus far discovered elsewhere in the deposit. 
Assays performed on the diamond drill 
cores reportedly encountered some gold val- 
ues in excess of 1 ounce per ton. On Misima 
Island, southeast of the New Guinea main- 
land, Placer (PNG), together with its part- 
ner, CRA Exploration Pty. Ltd., completed 
an economic analysis of their gold-silver 
project; a decision to begin a feasibility 
study in 1985 was under consideration at 
yearend. 

In 1984, on Lihir Island, just north of the 
island of New Ireland, Kennecott Explora- 
tions (Australia) Ltd. and its partner, Niugi- 
ni Mining Ltd., continued drilling and ex- 
ploration of their recently discovered gold 
prospect in the Linetz-Lamond area adja- 
cent to the coast. 

Peru.—The large increase in gold produc- 
tion, in part, reflected a 15% increase in 
gold-bearing copper production as well as 
increased production from placer gold de- 
posits, which account for an estimated 50% 
of the country's production. Much of Peru's 
placer gold originated from placer mines 
located in the southeastern jungle region 
centered around the Madre de Dios and 
Inambari Rivers. Among the companies 
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successfully pursuing placer gold there 
in 1984, South American Placers Inc., a 
Panamanian-registered company, reported 
that large increases in its placer gravel 
reserves, as a result of extensive explora- 
tion along the Rio Pukive and Rio Cachive 
in the Madre de Dios area, may support as 
many as three dredging operations; funding 
for a proposed dredging program was being 
sought. Exploration for new gold placer 
deposits as well as vein-type lode gold depos- 
its was conducted by both state-owned min- 
ing firms and by private corporations, both 
foreign and domestic. The potential for the 
recovery of residual gold and silver from 
waste and tailings dumps at numerous 
abandoned mining properties using new, 
more efficient recovery techniques was not 
overlooked. One company, Cía. Minero 
Otuzco S.A., recovered gold and silver val- 
ues from old tailings at a mill in northern 
Peru usng a carbon-in-pulp recovery system 
of U.S. design. 

Philippines.—Despite problems in the 
copper sector that included increasing 
world supplies of copper, reported Philip- 
pine gold production, chiefly a byproduct of 
copper mining, declined by only about 5% 
from production reported in 1983. | 

The Benguet Corp., the country's oldest 
mining company and its largest gold pro- 
ducer, produced 102,000 ounces of gold from 
its four adjacent underground gold mines 
near Baguio City in the Province of Benguet 
and 144,000 ounces from its Dizon copper- 
gold mine in Zimbales Province. At the 
Baguio operations, the company began heap 
leaching low-grade ore from its newly open- 
ed Cal Horr open pit and from underground 
development rock that had previously been 
discarded as waste. Benguet expects this 
new facility to recover 500 ounces of gold 
per month. The company was engaged ei- 
ther singly or through joint ventures in a 
number of gold development and explora- 
tion projects throughout the islands during 
the year. 

Atlas Consolidated Mining and Develop- 
ment Corp. began construction of its new 
Masbate heap leach plant project in June, 
and following test runs in September, began 
commercial operations in October, produc- 
ing 1,470 ounces of gold and 1,224 ounces of 
silver by yearend. The ore being treated by 
the new leaching facility generally contain- 
ed less than 0.044 ounce per ton. Full-scale 
annual production was expected to yield 
5,800 ounces of gold and 4,100 ounces of 
silver. Atlas Masbate open pit operation 
produced nearly 80,000 ounces of gold and 
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over 70,000 ounces of silver during the year, 
exceeding production goals by 7% and 36%, 
respectively. The company's combined gold 
production from Masbate and its copper- 
gold operations on Cebu Island amounted to 
189,532 ounces in 1984. 

South Africa, Republic of.—Nearly 96% 
of all South African gold production during 
the year was produced by the 34 mines and 
] metallurgical recovery operation that 
were members of the Chamber of Mines of 
South Africa. The total ore milled, includ- 
ing ore milled by producers of byproduct 
and coproduct uranium, amounted to 111.5 
million tons, averaging 0.19 ounce of gold 
per ton; in 1983, 101.1 million tons, aver- 
aging 0.22 ounce per ton, was milled. Work- 
ing costs for South African gold mines in 
1984 averaged'? $203.14 per ounce and rang- 
ed from $103.36 per ounce at East Driefon- 
tein to $412.99 per ounce at East Rand 
Proprietary. Production by the six major 
mining groups was as follows, in million 
ounces: AAC, 7.8; Gold Fields of South 
Africa Ltd. (GFSA), 4.4; Gencor, 3.7; Rand 
Mines Ltd., 2.1; Johannesburg Consolidated 
Investment Co. Ltd. (JCD, 1.6; and Anglo- 
Transvaal Consolidated Investment Co. 
Ltd., 1.83. Mines that were not Chamber of 
Mines members produced about 602,000 
ounces. | 

The largest producing mines, in millions 
of ounces of gold output, were Vaal Reefs 
with 2.7, Driefontein Consolidated with 2.4, 
Western Holdings and Western Deep Levels 
with 1.2 each, and Kloof with 1.0. Estimates 
of fully developed or block-out gold ore 
reserves reported by the Chamber of Mines 
at the close of 1984 totaled 487 million tons, 
containing, on average, about 0.31 ounce of 
gold per ton. | 

In a move reportedly aimed at optimizing 
the operating efficiency of several gold 
mines in the Orange Free State, AAC 
announced at yearend a proposal to merge 
four neighboring mines, thereby creating 
the world's largest single gold mine. The 
four mines involved in the proposal were 
Free State Geduld, President Brand, Presi- 
dent Steyn, and Western Holdings. The 
combined production of these four proper- 
ties amounted to over 3.6 million ounces. 
Objections to the proposal were reportedly 
voiced by the Government of the Republic 
of South Africa as well as by investors 
concerned about their interests in the indi- 
vidual properties. 

As a consequence of the poor internation- 
al market for uranium oxide as well as the 
year's generally poorer gold prices, several 
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mines that produce both gold and uranium, 
either one as the principal product, experi- 
enced difficulty in maintaining the viability 
of their operations. Early in the year, citing 
poor market conditions as well as continu- 
ing problems associated with geological 
faults and water incursions, Gencor an- 
nounced that St. Helena Gold Mines Ltd., a 
corporate member of the Gencor Group, 
would close its Beisa Section, a mine where 
gold is produced as a byproduct of uranium 
mining. Production at the mine ceased in 
October. 

According to its 1984 annual report, AAC 
experienced favorable results with its re- 
cently introduced vibroseis geological sur- 
veying technique. The new technique re- 
portedly led to an intensification of gold 
exploration activity in both the Orange 
Free State and in the Transvaal. Encourag- 
ing results were obtained especially in re- 
solving problems of interpretation of geolog- 
ical structures. GFSA began drilling for 
possible gold occurrences on the perimeter 
of the Witwatersrand Basin and elsewhere, 
and JCI reported that an intensive drilling 
program on two areas in the Theunissen 
District of the Orange Free State had re- 
turned promising results. 

Krugerrand sales on world markets dur- 
ing the year were reported by the Interna- 
tional Gold Corp. to have amounted to over 
2.6 million ounces. Cumulative sales of 
krugerrands since 1970 reached nearly 43 
million ounces by yearend. 

Many of the problems that beset the 
Republic of South Africa during 1983 con- 
tinued to plague the country’s gold produc- 
ers throughout 1984, especially during the 
second half of the year. The effects of the 
persistent drought on the country’s mining 
sector, though not as severe as in other 
sectors such as agriculture, nevertheless 
continued to worry the industry in general. 
The South African economy and the gold- 
mining sector in particular were under 
continued pressure, not only from declining 
international dollar prices for gold, but 
from rising domestic labor and working 
costs plus currency inflation, which at year- 
end was reportedly running at about 13%. 
Interest rates on new capital required by 
producers to expand productive capacity 
reached prohibitively high levels toward 
yearend, and some producers were forced to 
postpone or forego planned expenditures. 

Production costs, operating profits, and 
prices received by producers for their prod- 
uct in terms of the South African rand were 
the highest seen in many years. However, 
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the economic performance of gold producers 
in terms of U.S. dollars continued to depre- 
ciate as the year progressed. The value of 1 
rand in terms of U.S. dollars declined by 
about 23% between yearends 1983 and 1984. 

Beginning on April 1, the Government of 
the Republic of South Africa, to help in 
offsetting losses in revenue owing to re- 
duced agriculture and exports earnings, 
increased the surcharge on taxes paid by 
the gold producers on their production from 
15% to 20%. Concurrently, however, the 
Government announced a delay in imple- 
menting plans put forth in 1983 to termi- 
nate the Gold Mines Assistance Act where- 
by marginal producers receive state aid to 
continue mining operations. 

On September 17, 1984, the recently 
formed National Union of Mineworkers 
(NUM) stayed off the job in the first legal 
strike by black workers in South African 
history. Seven of the eight mines affected by 
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the walkout were owned by AAC. On Sep- 
tember 18, the Chamber of Mines and NUM 
announced that union members had accept- 
ed a restructured wage offer, apparently 
somewhere between the 25% increase de- 
manded by NUM and the 14.4% increase 
put into effect on July 1 by the Chamber. 
Gold production apparently was not affect- 
ed by the walkout. 

U.S.S.R.—Net deliveries of gold from the 
centrally planned economy countries to the 
market economy countries during the year 
were estimated at about 6.6 million ounces 
compared with 3.0 million ounces delivered 
during 1983.3 

Toward yearend 1984, the U.S.S.R.’s prin- 
cipal gold and currency trading outlet, the 
Wozchod-Handelbank AG in Zurich, Switz- 
erland, reportedly experienced consider- 
able, but incompletely assessed, financial 
losses. 


Table 16.—Gold: World mine production, by country! 


(Troy ounces) 


Country? 1980 1981 1982 1983P 19849 
Argentina... a ERES 10,622 14,751 20,319 23,314 24,000 
Australia cee erase Sn tune de LLL LLL 547.687 590.737 866,815 983,522 1,200,000 
Bl ³ĩV ⁵ ag fb EU 52,075 66,372 40,146 49,217 42,000 
Brazil€? |. . | |  . — 1.300.000 1,200,000 1,500,000 71,750,000 1,750,000 
Bur uni ee as 130 €100 €100 272 300 
Cameroon "^ um „ 72 316 136 261 250 
Canada |. |. F ĩ ² ÄÄu 8 1,627,477 1,672,893 2,081,230 2,363,411 2,614,300 
Central African Republic 2,000 1,386 1,000 2,492 2,500 
Chile. . |. 2 .... FFC 219,773 400,479 543,569 570,971 560,000 
China et eS et eee 225,000 1,700,000 1,800,000 1,850,000 1,900,000 
Colombia _____________. 2 510,439 529,214 472,674 438,579 735,000 
ONDO ut a L o ui 8 m 48 83 261 250 
Costa Ricae - m 18,000 20,000 21,000 30,000 35,000 
Dominican Republic 369,603 407,813 380,254 348,065 330,000 
Ecuador ____________. TM 225 2.347 2,300 643 1.000 
El Salvador | |  ...... 2,492 3,883 3,300 650 650 
Ethiopia* J S 9.000 411,930 12,000 14.000 15.000 
E rok Stes odd kx in M 23.939 30,595 46.821 r €40,000 45,000 
Finland, uae ð 41,828 31,893 36,780 25,080 25,000 
France 2 2 222222 Wes ey TU AA sat Be ey tal re A 31,39] 36,362 67,967 71,659 75,000 
French Guiana |. EN 4,000 4,000 4,000 4.000 4.000 
Gabone ee "D — 4553 550 550 550 550 
Germany, Federal Republic of.. 2.964 3,051 1.813 21,900 1.500 
Ghana -— m = 353.000 341.000 331.000 r €280,000 260,000 
Guyana. LLL LL -—— 11,003 19,263 1,041 4,607 6,000 
Honduras - 2.027 1.579 1.711 2.151 2.200 
Hung are 0 0 oo oou. 60,000 60,000 50,000 30,000 20,000 
India? s NDA 78.834 79,875 71.935 70.158 68.000 
Indonesia METER "m NE 154.970 151,820 69.160 14,640 18,200 
Japan |... nn ¢ R 102,339 99,242 104,136 100,921 4103,519 
Kenya . ... E F 125 100 21 100 100 
Korea, Nor tn 2. 160.000 160.000 160,000 160,000 160,000 
Korea, Republic of) „ as eae ee 141.218 143.147 55.750 12,083 10,000 
Liberia r ik f° se ae 7,243 r 716,120 712,656 715,400 710,500 
Madagascar |. |... 9 "o 4114 110 110 110 110 
Malaysia: 
Peninsular Malaysia a m m 2 4,621 5,691 5,814 5,192 6,000 
// ium an LLL. T 60.998 169,503 80.945 82.662 82.000 
Sarawak kt 7380 167 26 162 100 
Malie "P 10,000 16,000 13,000 13,000 13.000 
Mexico ...  . . T176.089 198.594 214.349 198.177 205.000 
NewZealand | |. | | | | .. be ees 6,419 6,071 7.775 9.667 10.000 
Nicaragua - 759.984 761.913 54.384 46,428 34,000 
Papua New Guinea | | |. 451,707 540,325 563.538 582.000 835.000 


See foot notes at end of table. 
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Table 16.—Gold: World mine production, by country! —Continued 
(Troy ounces) 
Country? 1980 1981 1982 1983P 1984* 

FFF » Ü —¹Üäſ teu ceu LS EUR ne Bee hs 142,041 161,590 157,667 165,576 199,000 
Philippines - ---------------—-—--————— 643,806 753,451 834,439 812,333 4772,931 
11 rouen ² .nwꝛ ½m•mͥm ͤ— 8 8,855 10,931 6,783 9,603 49,100 
Romania 11 ß E MEE 65,000 65,000 65,000 65,000 65,000 
FI ³ð—W 8 944 1.204 286 623 600 
SierraLeone? | . — 407 3,435 8,729 e9 000 9,000 
Solomon Islanldes s 1,093 1,050 1,318 *1,100 42,572 
South Africa, Republic off 21,669,468 21, 121,157 21,355,111 21,847,310 121,904, 900 
7777§öðÕ ˙0= ⁊V•.ẽk¼ pid E 08,154 98,381 109,858 162,296 160,000 
Sudan menus ecu 8 300 300 400 500 1,500 
Sine 888 350 1823 599 482 500 
SWedeD e ¼ . 8 €70,000 €70,000 77,160 102,880 100,000 
6: a e 8 13,278 56,695 71,770 52,361 437,794 
c eee gee 246 *400 *600 *800 *1,900 
USSR at neuen uec UR cr e 8,300,000 8,425,000 8,550,000 8,600,000 8,650,000 
United States: ee T 969,782 1,379,161 1,465,686 1,956,400 42,058,784 
Venezuela 13,565 127,810 27,993 r egg, 200 34, 000 
r 106,226 1135, 387 135,229 r €135,000 140,000 
TNs eiu ud ðↄð dd ⁵ð d doe 40,864 64,430 62,233 147,885 £80,303 
/// eel Ee, ee cst 10,576 10,545 13,439 10,160 412,185 
Zimbabwe__----------------—--—-————- 368,000 371,000 426,000 453,000 470,000 

jer E EE eet ——D T39,179,296 "41,257,496 43,082,814 44,882,480 46,035,098 

“Estimated. Preliminary. Revised. 


1Table includes data available through June 4, 1985. 


2Gold is also produced in Bulgaria, Burma, Czechoslovakia, the German Democratic Republic, Guinea, Norway, Poland, 
Senegal, Thailand, and several other countries. However, available data are insufficient to make reliable output 


estimates. 


3Officially reported figures are as follows, in troy ounces: Major mines: 1980—131,432; 1981—140,691; 1982— 148,408; 
1983 — 199,206; and 1984—not available. Small mines (garimpos): 1980—310,704; 1981—414,744; 1982—671,982; 1983— 


1,526,775; and 1984—not available. 
*Reported figure. 
5Refinery output. 


$SExcludes production from so-called people's mines,” but includes gold recovered as byproduct of copper mining. 
These figures are based on gold taxed for export and include gold entering Liberia undocumented from Guinea and 


Sierra Leone. 


Production series for Mexico revised since 1980 to reflect mine output data published for each State and municipality. 
3Excludes estimates of gold produced in Sierra Leone, which is moved through undocumented channels for sale in 


Liberia. 


TECHNOLOGY 


Bureau of Mines research continued to be 
directed toward improving the technology 
of leaching low-grade gold ores. The Bureau 
reported a procedure for facilitating gold 
recovery from those low-grade ores fre- 
quently found to be contaminated with 
small quantities of mercury.'* The proce- 
dure, one that employs the addition of 
calcium sulfide to the grinding circuit, is 
useful in limiting the amount of mercury 
that is extracted during leaching of gold 
ores and for eliminating mercury from the 
cyanide leach solution. A comprehensive 
State-by-State review of 118 domestic gold 
and silver heap- and dump-leaching oper- 
ations was published by the Bureau. The 
report also discusses current leaching tech- 
nology and research and the various tech- 
niques employed to recover gold and silver 
from leaching solutions. Emerging in situ 
leaching technology is briefly discussed and 
various State and Federal permitting re- 
quirements are presented. 


A report summarizing mineralogic obser- 
vations of naturally occurring gold-silver 
nuggets from Western Australia illustrated 
that dissolution of the metals, usually in the 
presence of iron oxides, is a relatively fre- 
quent occurrence—especially during peri- 
ods of lateritization.'* The report went on to 
note that since the advent of the modern 
metal detector, numerous nuggets (many in 
excess of 30 ounces) have been recovered 
near the surface in chemically favorable 
zones within the lateritic weathering pro- 
file. 

A geochemical study conducted over two 
gold ore bodies in Nevada indicated that 
geochemical anomalies for gold and associ- 
ated trace elements, derived from samples 
of iron-rich rock fracture coatings, were 
typically more intense than those determin- 
ed from rock samples for the same ele- 
ments." The large enhancement in geo- 
chemical response afforded by sampling 
fracture coatings may prove to be a valu- 


GOLD 


able technique in the search for buried, 
disseminated gold deposits. 

An ion-beam etching technique was devel- 
oped to fabricate micrometer-sized gold 
strip lines employed in complex micro- 
electronic circuitry as  low-resistance 
paths.'* The gold strip lines, 3 micrometers 
thick, 13 micrometers wide, and 1.5 centi- 
meters long, are fabricated using argon ion- 
beam milling procedures. 


! Physical Scientist, Division of Nonferrous Metals. 
pE Register. V. 49, No. 13, Jan. 19, 1984, pp. 2246- 
9 4 1 


3Ounce refers to troy ounce. 

*U.S. Department of the Treasury, Internal Revenue 
1 Public Affairs Division. News release, June 8, 

SEakins, G. R., and T. K. Bundtzen. Alaska Minerals 
Activity Summary, 1984. Min. Eng., Soc. Min. Eng. AIME, 
v. 37, No. 5, May 1985, pp. 401-402. 

$U.S. House of Representatives. Extension of remarks by 
Representative Vic Fazio on Tribute to Homestake Mining 
Co. Congr. Rec., v. 130, No. 92, pt. 2, June 29, 1984, 
p. E3193. 

"McClernan, H. G. Mining and Mineral Developments in 
penne iaa: Mont. Bur. Mines Geol., MBMG 150, 1984, 

pp. 
5Brooks, H. C., L. Ramp, M. L. Ferns, and J. J. Gray. 
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Mineral Industry in Oregon, 1984. OR Dep. Geol. and 
Miner, Ind. OR Geol., v. 47, No. 4, Apr. 1985, pp. 39-46. 

?Bunning, B. B. New Developments in Mining and 
Mineral Exploration in Washington, 1984. WA Div. Geol. 
and Earth Res. WA Geol. Newsletter, v. 13, No. 1, Jan. 
1985, pp. 1-12. 

10BuBoulay, L. Gold 1985. Consolidated Gold Fields PLC, 
London, May 1985, 59 pp. 

11Gall, N. The Last Gold Rush. Harper's Mag., v. 269, 
No. 1615, Dec. 1984, pp. 59-65. 

12Values have been converted from South African rands 
R) to U.S. dollars at the rate of R1.00 = US$0.6954 for 1984, 
as shown in Int. Financial Stat., v. 38, No. 5, May 1985, 
p. 412. 

13Work cited in footnote 9. | 

14Sandberg, R. G., W. W. Simpson, and W. L. Staker. 
Calcium Sulfide Precipitation of Mereury During Cyanide 
Leaching of Gold Ores. BuMines Rl 8907, 1984, 13 pp. 

I5Camberlan, P. G., and M. G. Pojar. Gold and Silver 
Leaching Practices in the United States. BuMines IC 8969, 
1984, 47 pp. 

1s Mann, A. W. Mobility of Gold and Silver in Lateritic 
Weathering Profiles: Some Observations From Western 
dU ERI Econ. Geol., v. 79, No. 1, Jan.-Feb. 1984, pp. 38- 
4 


17Crone, W., L. T. Larson, R. H. Carpenter, T. T. Chao, 
and R. F. Sanzolone. Comparison of Iron Oxide-Rich Joint 
Coatings and Rock Chips as Geochemical Sampling Media 
in Exploration for Disseminated Gold Deposits. J. Geo- 
chem. Explor., v. 20, No. 2, Apr. 1984, pp. 161-178. 

18Gee, C. M., and G. D. Thurmond. Optical Technology 
for Microwave Applications (1984). Wideband Traveling- 
Wave Electro-Optic Modulator. SPIE (Soc. Photo-Opt. 
Instrum. Eng.), v. 477, pp. 17-22. 
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Graphite 


By Harold A. Taylor, Jr.! 


Apparent consumption of natural graph- 
ite increased 50% in 1984 to 51,000 short 
tons. An amorphous graphite was mined 
domestically for the third consecutive year. 
All natural graphites, including crystalline 
flake, were in more than adequate supply 
even as demand by industrial users recover- 
ed along with the economy. Prices of im- 
ported graphites decreased from those of 
1983, two of the prices to a significant 
degree. 

Production of manufactured graphite in- 
creased 16% to 263,000 tons valued at $629 


million. Production of graphite fibers in- 
creased 51% to 1,397 tons valued at $75 
million. 

Domestic Data Coverage.—Domestic pro- 
duction data for synthetic graphite are 
developed by the Bureau of Mines from a 
voluntary survey of domestic producers, 
titled "Synthetic Graphite." Of the 38 oper- 
ations to which a survey request was sent, 
95% responded, representing 100% of the 
total production data shown in table 4. 
Production for the two nonrespondents was 
believed to be small and was not included. 


Table 1.—Salient natural graphite statistics 


1980 1981 1982 1983 1984 
United States: 
Productiooonsnsn short tons. . ER = W 
Apparent consumption! ---------- do— 52,438 254,815 242,815 24.151 251,147 
J) ͤͤͤ 8 „ 8, 11,8344 10,335 9,435 7,096 
Valüé ci ino ees thousands_ $3,695 ,A83 ; $3,455 $2, 
Lnporte sd consumption short tons 61,318 365,659 353,150 43,586 358,24 
JSC thousands 815,765 2619,093 2815,676 — ?$11,921 2$14,579 
World: Production J3J%%CCCͤ000Ä0»*5Ä—᷑³ E short tons 657,728 650,193 621,187 P636,995 *631,842 
*Estimated. Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data. 


1Excludes domestic production, which was relatively small. 


Mata do not include artificial graphite. 


Legislation and Government Pro- 
grams.—There were no acquisitions or dis- 


posals of strategic graphite in 1984. 


Table 2.—U.S. Government stockpile oals and yearend stocks of natural graphite 


n 1984, by type 
(Short tons) 

National 

Type Goal stockpile 

. inventory 
Madagascar crystalline flake _____ _- CPP 20,000 17,841 
Sri Lanka amorphous luuadddũhg „ 6,300 5,443 
Crystalline, other than Madagascar and Sri Lanka __ „ 800 1,933 
Nonstockpile-grade, all types — - - - - - - - - ~~~ ~~ ee ias 985 


Source: General Services Administration. Inventory of Stockpile Materials as of Dec. 31, 1984. 
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DOMESTIC PRODUCTION 


United Minerals Co. began producing siz- 
able amounts of low-grade amorphous 
graphitic material by open pit mining from 
the claims of National Minerals Corp. near 
Townsend, MT, in 1982. Production in 1984 
was significantly lower than in previous 
years. Graphite Sales Inc. marketed the 
material, which averaged 25% fixed carbon 
and was marketed to a variety of users. The 
material was not beneficiated before sale, 
but merely dried, crushed, and sized. At a 
lower production level, such as that of 1984, 
the reserves that the firm estimated at over 
2 million tons would last even longer than 
previously thought. Other domestic deposits 
of graphite received little or no attention. 

Output of manufactured graphite increas- 
ed 16% to 263,000 tons, at 35 plants, with a 
likelihood of some unreported production 
for in-house use. 

Production of all kinds of graphite fiber 
and cloth increased 51% to 1,397 tons. 

The Wickes Co. emerged from bankruptcy 
during the year, and as part of the process 
sold its Graphitar product line, thereby 


leaving the graphite industry entirely. The 
successor firm with the Graphitar line is 
called U.S. Graphite Inc. 

Dixon Ticonderoga Co., formerly the 
Joseph Dixon Crucible Co., closed its Jersey 
City, NJ, operations and its crucible plant 
in Philadelphia, PA. 

Avco Corp., a conglomerate that BEoducos 
high-modulus graphite fiber, was acquired 
by Textron Inc. in December. No immediate 
changes in the business were announced. 

Superior Graphite Co. bought a plant at 
Russellville, AR, from The Dow Chemical 
Co., increasing its production capacity to 
3.000 tons per year of graphite electrodes 
and 17,000 tons per year of extruded and 
baked carbon shapes. The 95,000-square-foot | 
plant was acquired under a lease-purchase 
agreement and was brought back on-stream 
in February 1985. The plant had been closed 
since 1983 and was used by Dow to make 


graphite anodes for its electrolytic chlorine 


cells before it converted to permanent metal 
anodes. 


Table 3.—Principal producers of manufactured graphite in 1984 


Company Plant location Product! 

Airco Carbon, a division of Airco Ine Niagara Falls, xXx Anodes, electrodes, crucibles, motor 
Ds unu ll eA ou e etes Punxsutawney, PA brushes, refractories, unmachined 
TO usc e x ee t. CFC shapes, powder. 

Ashland Petroleum Co., Carbon Fibers Div Ashland, KX. High- modu lus fibers. 

Avco Corp., Avco Specialty Materials Div Lowell aaa Do. 

m Carborundum Co., Graphite Products Sanborn, NX „ unmachined shapes, 

cloth. 

Gis Corp., Celanese Research Lab Summit, NJ _________~_ 

High-modulus fibers. 
———— ao ———- Rock Hill Sc. 

Fiber Materials In Biddeford, ME... High- modulus fibers and cloth. 

Fiber Technology Cord Provo ,UT C 

BF Goodrich Co., Engineered Systems Div., Santa. Fe Springs, A Other. 


Super Tem mp Operation. 


Great Lakes Carbon Cork Elizabethton, CC 


)))) ei fas a Morganton, NCMMW Anodes, electrodes, powder, crucibles, 
Dou seu ee Niagara Falls, NY ______ cathodes, en modius fibers, 
e ie de ee Ozark, R unmachined shapes, other powder. 
et ( Rosamond, CA 
Hercules Ine Salt Lake City, UT e High-modulus fibers 
H Materials Group, ARMCO Inc Gardena, CAA Cloth and high-modulus fibers. 
Hysol Grafil co Sacramento, CAA High- modulus fibers. 
Ohio Carbon Oo Cleveland, GR- Motor brushes and unmachined shapes. 
sod Inc., Minerals, Pigments & Metals Easton, PA Other. 
Polycarbon Inc North Hollywood, CA Cloth. 
Sigri Carbon Cord Hickman, KY . ...... Electrodes and other. 
The Stackpole COD. Carbon Div ______ Lowell, aA High-modulus fibers, anodes, motor 
Do eS ae ars PP ORDERS St. Marys, PA brushes, unmachined shapes. 
Superior Graphite ooo Russellville, AR... 
Powder and other. 
ue doe M UN E Hopkinsville, KX 
Ultra Carbon Corp ______________ Bay City, MI__________ Other. 
Union Carbide Corp., Carbon Products Div Clarksburg, WV _______ 
DG ers i das ete te a Clarksville, C. 
Di hy ws ss 8 Columbia, TN Sce Anodes, electrodes, unmachined shapes, 
Docuit ies Fostoria, OH- --------- motor brushes, edge cloth, 
DO usc uer ef ee eee Greenville, Sc. high-modulus fi other. 
77 ee use Niagara Falls, X 
Bo no 2lcec att Yabucoa, PR... 


1Cloth includes low-modulus fibers; electric motor brushes include machined shapes; crucibles include vessels. 
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Table 4.—U.S. production of manufactured graphite, by use 
1983 1984 
Use Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) 
Synthetic graphite products: 
a JO PRO eee PER 4,178 $11,311 4,680 $14,133 
JJ))))n)n)VVVöĩ5? x 86 W W M "m 
Cloth and fibers (low-modulus) 22 --- 188 14,217 223 17,979 
Crucibles, vessels, refractories |... W W W W 
Electric motor brushes and machined shapes W W W 
Heide A 8 153,742 370,450 177,116 398,180 
Graphite articles a: 35,481 es 39,895 
High-modulus fibers - —-—-------------------—-- 139 33,854 1,174 56,636 
Refractoriinesessss „ W W W W 
Unmachined graphite shapes- - „ 10,691 50,422 12,738 58,601 
)))) ue icem Sa BE LU E 28,636 29,712 37,263 36,635 
OCB ee ee Se wr eee el, ses eM 198,174 545,447 233,194 622,059 
Synthetic graphite powder and scrap ________________-— 29,487 1,312 29,911 ; 
Grand total .—— 227,661 552,819 263,105 628,727 
W Withheld to avoid disclosing company proprietary data; included with Other. 
Table 5.—U.S. production of graphite fibers 
l 55 High- modulus fibers Total 
Year Quantity Quantity Quantity 
(short ^ (thousands) (Short 8 (short deus 
tons) tons) tons) | | 
1ößÜ 8 153 $9,400 48 $4,615 201 $14,075 
e AL en ie 154 10,600 52 4,690 206 ,290 
1918. ucl ae ne 163 11,376 37 3,870 200 15,246 
7ö˖Äð⁊ 8 136 8 49 4,330 185 13,130 
| c PRENNE ·hk- — r 8 141 8,720 149 11,804 290 20,524 
jl (aa erg ny ee 169 10,089 194 13,031 363 23,120 
ISRÜ ̃ oe e ie Ee 169 11,254 306 17,379 475 28,633 
198 UPPER E NER: 216 15,293 409 21,759 625 37,052 
1982... onu ee E 212 17,706 605 30,091 817 47,797 
11. ------ es 188 14,217 139 33,854 927 48,071 
I!; ⁵ 8 223 17,979 1.174 56, 636 1,397 14,615 


Union Carbide Corp. retrofitted its graph- 
ite electrode production facilities with com- 
puters. Of particular interest is the auto- 
mated pin production line that uses robots 
in its Columbia, TN, plant and the com- 
puter-controlled rotary hearth furnaces in 
its Clarksville, TN, plant. The firm views 
the future graphite electrode market quite 
positively, particularly when the difficult 
markets of the last few years are 
considered.? 


Ashland Petroleum Co. brought a 30-ton- 
per-year-capacity high-modulus graphite fi- 
ber plant on-stream in late 1984 at Cat- 
lettsburg, KY. Capacity was to be rapidly 
expanded to 100 tons per year and then to 
300 tons per year in 1986. The product, 
*Carboflex," is a material with a somewhat 
lower modulus and lower price that is slated 
for the insulation and brake lining market. 
The fiber is made from a specialty petrole- 
um pitch. 


CONSUMPTION AND USES 


Reported consumption of natural graph- 
ite decreased 3% to about 35,200 tons. The 
three major uses of natural graphite— 
refractories, foundries, and brake linings— 
accounted for 61% of reported consumption, 
compared with 54% in 1983. 

A new market for graphite fiber is in the 
cathodic protection of reinforcing steel in 


concrete bridge decks. Salt damage to the 
bridge deck or other concrete structure can 
be prevented by installing conductive plat- 
inized wires and graphite fibers in slots cut 
in the deck and then surrounding them by a 
conductive polymer. A low-voltage direct 
current is run through the conducting ma- 
terial to make the steel cathodic and thus 
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immune to attack by negative ions, such as 
chloride, that promote corrosion. Other sys- 
tems exist that do not use graphite fiber. 
One using coke breeze has been tried and 
one using liquefied zinc is about to be tried. 
Natural graphite is now being produced 
by a large number of countries compared 
with the situation 10 years ago, when China 
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only a small mine, and Canada did not 
produce at all. Several important new uses 
have become prominent, particularly the 
use of crystalline flake graphite in carbon- 
magnesite brick and graphite-alumina re- 
fractories. The use of graphite in lubricants 
and as expandable graphite has also been 
increasing.’ 


was a minor source of graphite, Brazil had 


Table 6.—U.S. consumption of natural graphite, by use 


Crystalline Amorphous! Total? 
Use Quantity Value Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) (short tons) (thousands) 
1983 

Batteries W W W W 2,027 $3,699 
Brake linings ..........- 986 $928 2,371 $2,006 3,358 2,934 
Carbon products 411 675 349 517 760 1,192 

Crucibles, retorts, stoppers, 
sleeves, nozzles... 1,984 1,307 c NON 1,984 1,307 
Foundries*____________~— 432 630 6,791 2,518 7,223 3,148 
Lubricants» ___________~_ 1,392 1,657 2,203 1,266 3,595 2,923 
r esos 1,448 2,014 298 164 1,745 2,178 
Powdered metals 450 636 172 337 622 973 
Refractories ____________ W W W W 8,902 8,650 
Rubbe rr 260 324 101 72 361 396 
Steelmak ing 270 127 2,571 727 2,841 854 
Other? _______________ 1,111 1,080 1,549 1,159 2,660 2,239 
Withheld uses... 2,533 2,184 8,397 4,565 st. — 
r 11.277 12.162 24.802 13,331 36,079 25,493 

1984 

Batteries W W W W 931 1.563 
Brake lini nns 1,156 1,045 2,869 2,496 4,025 3,541 
Carbon products? |... _ _ __ 316 660 249 328 565 988 

Crucibles, retorts, stoppers, 
sleeves, nozzles_________ 1,953 1,858 (7) 6 1,953 1,864 
Foundries*_____________ 2,337 1,285 4,804 1,810 7,141 3,095 
Lubricants °_ vv 1,170 1,763 1,365 1,216 2,535 2,979 
Pencils 1,557 2,121 356 257 1,913 2,378 
Powdered metals 363 567 196 356 559 923 
Refractories ____________ W W W W 10,461 4,200 
Rubb err, 184 211 232 140 416 351 
Steelmak ing 326 142 1,739 798 2, 065 940 
Other 2 299 498 2, 306 2,123 2,605 2,621 
Withheld uses 2,472 3,523 8,920 2,240 E aes 
Total^— a cle 12,135 13,674 23,037 11,769 35,172 25,443 


W Withheld to avoid disclosing company proprietary data; included with Withheld uses." 

1Includes mixtures of natural and manufactured graphite. 

Data may not add to totals shown because of independent rounding. 

Includes bearings and carbon brushes. 

*Includes foundry facings. 

5Includes ammunition, packings, and seed coating. 

‘Includes paints and polishes, antiknock and other compounds, soldering and/or weld, electrical and electronic 
products, mechanical products, magnetic tape, and small packages. 

"Less than 1/2 unit. 


PRICES 


Graphite prices are often negotiated be- 
tween the buyer and seller, and are based 
on purity and other variable properties. 
Therefore, published price quotations are 
given as a range of prices. Another source of 
information for graphite prices is the aver- 
age customs value per ton of the different 
imported classes. However, it should be 


noted that these mainly represent ship- 
ments of unprocessed graphite. : 

The average prices of crystalline flake 
and Sri Lan lump graphite imports 
were little changed in 1984, while the prices 
of the other kinds dropped significantly. 
Prices for crystalline flake dropped by 8% 
to $509 per ton. Prices for Mexican amor- 


GRAPHITE 


phous graphite dropped by 29% to $40 per 
ton. Prices for all types of Sri Lankan lump 
graphite dropped by 8% to $1,065 per ton. 
Prices for other natural graphite (mostly 
fine crystalline flake and dust) dropped by 
18% to $462 per ton. 

Average prices for natural graphite at the 
point of consumption changed by only a 
small amount in 1984. The price for crys- 
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talline graphite (mostly crystalline flake, 
some crystalline dust, and a little lump 
graphite) was $1,127 per ton, up 5% from 
$1,078 in 1983. The price for amorphous 
graphite (including small amounts of 
amorphous-synthetic graphite mixtures) 
was $511 per ton, down 5% from $537 in 
1983. 


Table 7.—Representative yearend graphite prices! 


(Per short ton) 
1983 1984 
Flake and crystalline graphite, bags: 
hi8 15 co ee A a ³ A ea d t Late $54-$1,542 $54-$1,542 

Germany, Federal Republic oo 318. 3,175 286- 3,084 

hö ⅛·¹ͥ e nanc E AAA d C LL a 21- 544 - 72 

777 ur ete ea es, 88 181- 635 181- 816 

6ß11˙Ü¹ PH 0 ⁰ ʒt 888 499- 1,367 272- 1,361 
Amorphous, nonflake, cryptocrystalline graphite (80% to 85% carbon): 

Korea, Republic of (bags) 82- 109 82- 109 

México (bulk) ͤͤ a fo a as ⁰y 64- 91 64- 109 


F. o. b. foreign port or border. 


Source: Engineering and Mining Journal. V. 185, No. 12, Dec. 1984, p. 27. 


FOREIGN TRADE 


Exports of both natural and artificial 
graphite decreased. Exports of graphite 
electrodes totaled 58,027 tons worth $92.2 
million, of which 9,064 tons ($14.0 million) 
went to Brazil, 7,581 tons ($13.2 million) to 
Canada, 7,218 tons ($6.9 million) to Norway, 
6,125 tons ($9.6 million) went to Venezuela, 


and the balance to other destinations. 


Imports of natural graphite increased 
34% to 58,246 tons. Imports of natural 
graphite from China gained by 50% to 
15,232 tons, while imports from Canada and 
Mexico rebounded toward levels last seen in 
1981 and 1982, respectively. 


Table 8.—U.S. exports of natural and artificial graphite, by country 


Natural! Artificial Total 
Country Quantity Quantity Quantity 
(short Value (short Value (short Value 
tons) tons) tons) 
1983: 

Canada -—-------------—- 3,848 $1,203,364 1,103 $374,076 4,9951 $1,577,440 
Germany, Federal Republic of 2,339 651,463 142 ,298 2,481 703,761 
r as et tes 83 27,873 59 38,934 142 : 
JADEN Gs ae mune 239 225,916 577 425, 096 816 651,012 
Mexico ------------—--— 961 399,436 114 46,904 1,075 446,340 
Netherlands 34 4,973 186 95, 736 220 100,709 
United Kingdom 453 166,110 123 133,003 576 299,113 
Venezuela |... 348 235,845 35 37,912 383 273,757 
Other ns 88 1,130 539,869 2,177 893,334 3,307 1,433,203 

e mes 9,435 3,454,849 4,516 2,097,293 13,951 5,552,142 

1984: 

Canada 3,490 1,162, 208 1.725 643,558 5,215 1,805,766 
Germany, Federal Republic of 103 307 147 59,853 250 99,160 
I/ ec T 16 9,402 21 20,134 37 29,536 
PP! »» 201 262,934 529 742,514 730 1,005,448 
Mexico _______________ _ 1,972 612,157 271 116,148 2,243 728,305 
Netherlands 17 24,913 43 28,446 60 53,859 
United Kingdom . 202 136,464 155 111,990 407 248,454 
Venezuela ______________ 301 177,294 36 37,102 337 214,396 
e ei 744 382,762 1,299 1,026,470 2,043 1,409,232 

rr 8 7,096 2,807,441 4,226 2,786,215 11,322 5,593,656 


1! Amorphous, crystalline flake, lump or chip, and natural, not elsewhere classified. 
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Table 9.—U.S. imports for consumption of natural graphite, by country 


. Other natural 
Crystalline Lump or 1 
flake chippy dust crude and Amorphous Total 
Count 777 T ! iam eso. D 
id Quan- value Quan- Value Quan Value Quan- Value Quan- Value 
( huh (thou- ( EEA (thou- ( Lt (thou- ( A (thou- ( S (thou- 
tons) tons) 98 tons) Sands) tons) Sands) tons) sands) 
FJ dace Ee ey 10,771 $7,056 767 $1,140 11,268 $5,835 30,349 $1,645 253,150 2$15,676 
1983: 
Argentina ix CR et e 58 24 - Bie 58 24 
Austria Bo. Hc us TM - n 11 3 11 3 
Belgium- Luxembourg 1 1 FDA Ten phi zd EN i 1 1 
Brazil .......-.-- 1,642 1,196 Sd — 1447 830 he. _. 8,089 2.026 
Canada ___________ 7 7 xd ies 953 623 5 960 630 
Chin ae 3.684 1.740 PS — 89311 1,393 3, 152 200 10,147 3,333 
Franctdc - ES T" ME "M 617 X fe m 17 358 
Gambia . pios Sa os 5 — dn 5 6 
Germany, Federal Re- 
public --------- 3) 1 RET xd 838 856 " us 838 857 
Hong Kong M SER i x esis M 230 12 230 12 
India 116 58 m m 100 71 ET TS 216 129 
pu. F EN c an E (3) 3 e = (3) 3 
Japan _____~_______ Dum RES ae ES 79 38 TN MEN 79 38 
Korea, Republic of- zo eae a hs 20 3 20 3 
Madagascar 1.486 796 are -- 1,061 836 E _. 3,153 1,632 
Malaysia 40 31 me ba ue x 40 1 
Mexico TES uem Uo = 380 265 21,744 1,211 22,124 1.476 
Netherlands met Ee e e 7 oe =e 7 
Nor waꝓy yy E ae =s x 56 16 sige an 56 16 
South Africa, Republic of lee EM mM EN 419 242 2 RPE 419 242 
Sri Lanka = as 751 870 TE 8 E HN 761 870 
Sweden "e um Ne eis 8 19 e us 8 19 
Switzerland Mm b is dem o 2 4 "E E 4 
Taiwan ___________ 58 36 a Ne AN =e 520 45 578 81 
United Kingdom TN me m ks 40 64 e es E 40 64 
Zimbabwe. .......- E" D EE ies 137 59 nd ES 137 59 
Total. Serta 7,034 3,866 751 870 10,124 5,711 25,677 1,474 748,586 711,921 
1984: 
Austria Ec m" S eee ets T 82 7 32 7 
Belgium- Luxembourg N e s 8 AS e 1 2 
T1 2, 203 1.492 m bs 513 238 2 —— 2,716 1,730 
Canada ___________ 2,116 1,068 muc EN 412 263 28 1,331 
Chinae‚e. 4,602 1,812 Seas -. 4,829 1,665 5,801 284 15,232 3,761 
Denmark E OM (3) 2 =o ae (3) 2 
France... ---- 362 218 M - 80 45 aua ia 442 258 
Gambia 220 83 Ll E e vM "s s 220 83 
Germany, Federal Repub- 

10 Of oce i 20 62 em 12s 840 691 EXS HS 860 753 
Hong Rong aes NS ue NN 897 214 "T "A 897 214 
India- - ĩ ²˙ AA 77 38 EE Be 332 211 EM ioc 409 249 
ye nd SA mcs 2x cir 2a 6 ave oe 1 
Japan ___________ 182 131 bie P 213 291 $ nte 455 422 
Korea. Republic of- "m eee pu: ee = 2a 53 12 53 12 

dagascar -------- 828 481 EPE —— 2,173 97 ae -. 38001 1,458 
Mexico EN ae TE A 1,943 995 25,922 1,025 27,865 22, 
Netherlands 3) (5) En LL 3 1 DM M 3 1 
Norway __ ? r 4 1 des d 150 61 rs Eee 154 68 
3 dd F Es PS aa Te 9 16 ga as 9 16 
Singapore a med el Ese 34 17 oes MN 34 17 
South A Africa, Republic of = ens z 1,200 645 "o M" 1,200 645 
Sri Lanka 2z zd 892 950 e m es = 892 950 
Sweden 2 Mes REP TM 28 59 C T 28 59 
Switzerland ___.____ ee E T a 3 5 ps MM 3 5 
Taiwan ds za S: Ke 901 268 s TE 901 268 
United Kingdom 105 66 nee MT 122 106 ee ees 227 172 
Zimbabwe. ndm Lors — = 80 73 NE Me 80 73 

Total! ........ 10,720 5,455 892 950 14,823 6,849 31,808 1,329 758,246 714,579 


1Data may not add to totals shown because of independent rounding. 
2Data do not include artificial graphite. 
Less than 1/2 unit. 
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Table 10.—U.S. imports for consumption of artificial graphite and graphite electrodes, by 


country 
Artificial graphite Graphite electrodes 
Country Quantity Value Quantity Value 
(short tons) (thousands)  (shorttons) (thousands) 
1983: 

A c cuir ee EE cc (1) $25 ne "s 
JJ lee cus uer ee eie one 1 aye "S 
ir ĩ⁵ĩ² ure Lor nem ĩ³ = 36 eri Ee" 
Canada- o o otc ecu LU E aM LL E iE ot dT 1,214 292 146 $816 

H ]˙imA¼ ⅛⁰˙ꝛptd mmm m de eMe dea 198 259 50 8 
)))é»Ü—Ü ! v ⁊ . M RT 2 7 ENS 8 
Germany, Federal Republic of „ 57 324 2,915 4,203 
Cö·Ü˙Üéẽꝛ̃ yd LA ACIEM LA er "e is 2,416 3,187 
Japan S. ones vocem inc ee 231 1,592 23,113 43,124 
Netherlands! 40 56 he ae 
Ik ³ð— ho ee Se 76 86 aoe ors 
Sweden- nate se ah ase et eed he ny ia 15 33 me a 
Switzerland 2. ee eee ee ee 3,308 5,387 us DS 

United Kingdom |... - --—--------------—--——- 31 x 
G'fM!!!!!lnl˖l 8 E A 4,887 5,029 
777ôöÜ].ð t onu 8 5,142 8.128 34,127 57,040 
1984: 

M ³ðͤ ĩ (1) 25 (1) 16 
))Cͤõ ³˙¹àAA ee (!) 27 998 1,915 
Brazil neces lur ³ ecu "m Da 116 29 
Cunadg- is ee a ae naa 995 239 3,801 4,188 
CB. oe o co ou ²⁰˙ ůmw es SU A r 467 625 557 900 
EIBHOB.— -—- cnc oe aoe et é 270 350 8,096 7,061 
Germany, Federal Republic off 3,670 564 2,409 4,212 
TS OPERE RC eS Lo Er 20 30 
171 | Seen ge pr ep 8,551 10,598 
i ENERO d 443 3,065 37,704 64,092 
JJ. ⅛5h 0 2 eir. ee " 15 15 
Netherlands 7 110 6,164 2,021 
PTJ77rrüüüũͤ ³W.0AwꝛA ³ðK y a e S de e 42 10 
h;!!! ee itt 247 350 852 1,177 
CUC ee aoe ee pM ee -— m 74 115 
SWedell cnc riora LU. 8 —- 54 27 
Switzerlaslllll Idi 4,332 6,454 269 233 
IJ ͤſu0ͥ mm t dA 1 9 20 60 
United Kingdom n 23 89 2,244 2,021 
hero c no loud ⅛²- Uf: Tt ne i ey ee Me ces 15 
Jö CS RON ETC CREARE ERR 10,456 11,906 11,988 98,735 


lLess than 1/2 unit. 


?Data may not add to totals shown because of independent rounding. 


WORLD REVIEW 


World demand for graphite dropped 
slightly, and world supply continued to be 
adequate. Japan, however, increased its de- 
mand for and therefore imports of natural 
graphite very substantially. 

China.—Sales of coarser Chinese crystal- 
line flake were reportedly being linked to 
sales of finer grades, particularly crystal- 
line dust. Consumers are resisting this be- 
cause they are often unable to use or 
market the finer material and hence have 
to consider it as part of their cost in buying 
crystalline flake. 

For the first time in many years, compre- 
hensive information on the Chinese graph- 
ite industry was published in an English- 
language journal. China has large deposits 
of both crystalline flake graphite and amor- 
phous graphite and a large mining and 


processing industry. The graphite deposits 
being worked generally have gently dipping 
beds of thin to medium thickness; the 
graphite is extracted with natural stoping 
by horizontal slicing or overhead lean slic- 
ing. After mining, the crystalline flake 
graphite is beneficiated by flotation, but the 
amorphous graphite is simply crushed and 
screened to yield minus 200-mesh or minus 
325-mesh products. The crystalline flake 
flowsheet can be summarized as follows: the 
ore is first crushed and ground, then sub- 
jected to scavenging flotation, with the tail- 
ings being processed for the recovery of 
rutile and pyrite. The rough graphite con- 
centrate is reground four times and put 
through a cleaner circuit five times to 
obtain a final concentrate. The concentrate 
is then dewatered, dried, air classified to 
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remove fines, and screened to separate the 
large flakes. Some of the equipment, such as 
the rougher flotation machine and the hori- 
zontal centrifugal mill for regrinding the 
graphite concentrate, is of local design. 
High-purity specialty graphite products are 
also produced. 

China consumes about 70% of its own 
production. Of its total consumption, 3096 is 
used in casting and foundry, 3096 to protect 
slag in steelmaking, 15% in pencils, 10% to 
12% in electricity conducting materials, 7% 
to 8% in refractories, and the balance in 
other uses. 

Czechoslovakia.—A new flotation plant 
was built at Male Urbno to process the ore 
from the Konstantin Microcrystalline 
Graphite Mine near Stare Mesto pod Snez- 
niken. The plant produces six types of 
graphite products that contain 40% to 85% 
graphite and are used mainly for foundry 
purposes. The mine was opened in 1971 and 
has reserves of 550,000 tons of ore averaging 
30% to 40% graphite, one-half of which can 
be mined by open pit methods. The ore 
occurs as a graphitic schist layer ranging 
from 15 to 65 feet in thickness that is part of 
a synclinally folded metamorphosed sedi- 
mentary sequence of Ordovician Age. 

France.—Shortly after dropping out of 
another graphite fiber project, Pechiney 
bought a 32.5% share in the Société des 
Fibres de Carbon plant now being built by 
its former joint owners, Toray Industries 
Inc. of Japan and Société Nationale Elf 
Aquitaine, who will now own 35% and 
32.5% of the project, respectively. The 
plant, having a capacity of 330 tons per 
year, was scheduled to be commissioned in 
1985. 

Vesuvius Crucible Co. concluded a pur- 
chase agreement for a fused silica refracto- 
ry plant in northern France that will partly 
be converted to the production of graphite- 
alumina refractories. 

Germany, Federal Republic of.—The En- 
ka subsidiary of Akzo Zout Chemie Neder- 
land BV of the Netherlands announced that 
it would build a 390-ton-per-year-capacity 
graphite fiber plant at Oberbruch, to come 
on-stream in 1986. The high-modulus fiber 
would be made from a polyacrylonitrile 
(PAN) precursor and will be marketed in 
Europe. The processing technology will be 
obtained from Toho Beslon Ltd. of Japan 
and its associate, Celanese Corp. 

Israel.—Kibbutz Afikim came on-stream 
in 1984 with a medium-sized capacity graph- 
ite fiber plant that uses PAN as a raw 
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material. The fiber is being distributed in 
the United States by Fiber Materials Inc. of 
Biddeford, ME. 

Italy.—The sole Italian producer of 
graphite, Stá. Talco e Grafite Val Chisone 
S.p.A., closed its amorphous graphite mine 
near Pinerolo. 

Japan.—In 1984, Japan outdistanced the 
United States in graphite importation by a 
wide margin for the first time. Imports of 
crystaline flake and Sri Lankan lump 
graphite rose from 28,384 tons in 1983 to 
38,856 tons in 1984, of which 35,184 tons 
originated from China, 1,731 tons from Sri 
Lanka, 1,019 tons from Madagascar, 584 
tons from Zimbabwe, and the balance from 
other sources. Amorphous graphite imports 
rose from 24,436 tons in 1983 to 46,408 tons 
in 1984, of which 33,983 tons came from the 
Republic of Korea, 12,153 tons from North 
Korea, and the balance from other sources. 
Imports of graphite, of which 75% or more, 
by weight, can pass through a 105-micro- 
meter mesh sieve rose from 6,919 tons in 
1983 to 8,441 tons in 1984, of which 7,825 
tons came from China and the balance from 
other sources. Imports of graphite, particu- 
larly crystalline flake, have been increasing 
rapidly in the last 5 years because of the 
growing use of carbon-magnesite refracto- 
ries. 

Exports of graphite electrodes rose from 
105,395 tons in 1983 to 122,21" tons in 1984, 
of which 33,688 tons went to the United 
States, 13,926 tons to the U.S.S.R., 10,849 
tons to the Republic of Korea, 6,710 tons to 
Venezuela, and the balance to other desti- 
nations. 

Major new capacity in graphite fiber was 
announced or came on-stream in 1984. 
Kureha Chemical Industry Inc. announced 
plans to double its present plant capacity to 
550 tons by 1985. Its product is a lower 
modulus fiber made from petroleum pitch. 
Fuji Oil Co. began marketing its lower 
modulus fiber made in a 5-ton-per-year pilot 
plant in Yokohama that uses ultraheavy 
petroleum pitch as a starting material. 
Nippon Oil Co. is marketing the same kind 
of fiber from its pilot plant of the same size. 
Two more oil companies have built even 
smaller pilot plants. 

U.S.S.R.—New information on the major 
Soviet graphite operation appeared in 1984, 
which also covered the development of the 
industry, and the mining and the recovery 
of graphite.“ Accounting for 75% of national 
production, the Zaval'yevsky graphite com- 
plex is located near Gayvoron, Kirovograd 
Oblast, Ukrainian S.S.R., and produces 
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crystalline flake, much of it fine. The oper- 
ation, which consists of an open pit mine, a 
beneficiation plant, and a chemical purifica- 
tion plant, produces 90% of the nation's 
colloidal graphite preparations, or about 
1,375 tons. It also produces 1,100 tons per 
year of graphite-based lubricants and 3,850 
tons per year of high-purity graphite prod- 
ucts containing from 99% to 99.9% fixed 
carbon. The new information shows that 
production of crystalline flake graphite at 
the operation first began in 1934 on a small 
scale, was interrupted by World War II, and 
continued at a rate of less than 5,000 tons 
per year into the 1950's. Major expansion 
followed and by 1967 the operation was 
producing 40,000 tons of graphite per year. 
The Zavalyevsky graphite deposit and 
mine are situated in the southwestern part 
of the Ukrainian Shield. The deposit is 
comprised of a number of bodies that range 
from 10 to 120 feet thick and dip steeply, 
ranging from 80“ to 90°; the bodies 
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are found from 100 to 1,100 feet below the 
surface. The reserves of “explored” graphite 
in this deposit total 110 million tons; the ore 
runs from 5% to 8% contained graphite and 
will reach 12% at times. 

There are several other important mines 


besides the Zaval'yevsky. The Tayginskoye 


Mine at Kyshtym in the Urals produces 
crystalline flake; it was a major mine and 
produced about as much graphite as the 
Zaval'yevsky in the mid-1960's. However, its 
costs rose until they were about 70% higher 
than the Zaval’yevsky and hence output has 
declined to a much lower level. This shows 
that the Soviets will decrease graphite pro- 
duction at a mine when the costs increase 
significantly. An underground mine at No- 
ginsk produces amorphous graphite. Anoth- 
er small graphite mine operates at Taskaz- 
gan, Uzbekistan S.S.R. A number of former- 
ly important deposits have become depleted 
and the mines closed, such as the ones at 
Bogotol and Boyevka. 


Table 11.—Graphite: World production, by country! 


(Short tons) 
Country? 1980 1981 1982 1983P 1984* 

Argentina - - ------------------——- 2 13 22 22 
AUSTA aoaaa ⁊ð v 40,454 26,243 26,953 44,553 44,100 
Brazil (marketable )) 23,473 19,289 16,990 22,000 22,000 
i e cL eue 482 1,568 308 220 250 
7;;Cĩ*1¹·bĩ A o LC t LL 176,000 203,000 204,000 204,000 204,000 
Czechoslovakia __________________ 56,100 756,100 156, 100 156,100 56,100 
Germany, Federal Republic of __________ 56,270 59,024 512,845 11,023 9.900 
India (mine)® |... . 760,580 180,240 57,735 €38,600 44,100 
i01 ep TE E 88 4,362 3,897 3,538 2,034 er 
Korea, North® ___________________ 28,000 28,000 28,000 28,000 28,000 

Korea, Republic of: 
Amorphouun ss 65,209 31,533 29,033 35,903 33,000 
Crystalline flake ________________ 1,575 928 691 766 660 
Madagascar_____________________ 13,506 14,698 16,925 14,934 14,300 

Mexico: 

Amorphounssss— 49,059 45,351 37,886 47,034 44,100 
Crystalline flakkʒae 384 1,270 1,989 1,828 1,700 
Norway eu ⅛˙•»ꝛmꝛ m ee 11,471 9.552 78,213 8,885 8,800 
Romania 2.222522 Rumi oe eos ces r 713,779 13,800 13,800 13,900 13,700 
Sri LankB zones 8,591 8,348 9,704 6,094 6,600 
r aoe Sea eg a es 2,286 1,984 694 95 110 
Bi 88 NA NA 3,704 3,704 3,600 
USSR eee ß ee 8 "88.000 177,000 783,000 T88,000 88,000 
United States______________._____ TEN PIS W W W 
Zimbabwe ______________________ 8,141 12,366 9,066 r *8,800 8,800 
Total sorun ont cnc Ete ™657,728 "650,193 621,187 636,995 631,842 
*Estimated. Preliminary. Revised. NA Not available. W Withheld to avoid disclosing company proprietary 


ata. 
1Table includes data available through May 21, 1985. 


?In addition to the countries listed, Namibia may have produced graphite during the period covered by this table, but 
output is unreported, and available general information is inadequate for formulation of reliable estimates of output 


levels. 


*Does not include the following quantities sold directly without beneficiation, in short tons: 1980—6,600; 1981—17,988; 


1982—6,758; 1983— not available; and 1984—not available. 
*Data are for fiscal year beginning Apr. 1 of that stated. 
5Data represent estimated marketable product derived 


from raw graphite mined indigenously, assuming that 


marketable output equals one-half of officially reported raw graphite production. 
Indian marketable production is about 10% to 20% of mine production. 


? Reported figure. 
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The U.S.S.R. also has a sizable synthetic 
graphite electrode plant. However, the Sovi- 
ets rely very heavily on natural graphite, 
and very minimally on synthetic graphites. 
The plant, located at Linevo, south of Novo- 
sibirsk, began operating in 1977 with a 
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capacity of 110,000 tons of graphite elec- 
trodes plus 60,000 tons of carbon electrodes. 
The raw material for the plant is anthracite 
that is obtained from a nearby mine and 
also from the Donets Basin 2,000 miles 
away. 


TECHNOLOGY 


A Bureau of Mines study on natural 
graphite dealing mostly with crystalline 
flake graphite but also covering Sri Lankan 
lump graphite and Mexican amorphous 
graphite was published. The study develops 
engineering and cost data on major graph- 
ite deposits in the market economy coun- 
tries as part of an effort to delineate world 
graphite reserves and resources. The report 
describes the mines and deposits briefly and 
presents the method of data acquisition and 
analysis.* 

The Ontario Research Foundation devel- 
oped a new flowsheet and plant design for 
production of crystalline flake graphite. 
Autogenous grinding was found to be the 
key step to liberating the graphite without 
flake deterioration. When combined with 
flotation and tabling, it can produce a 
coarse graphite with a purity of 91.596 
carbon with 95% retained on a 48-mesh 
screen. À higher purity fine can be produc- 
ed with further regrinding, elutriation, and 
flotation of the material. The proposed 
plant would handle 500 tons of ore per day.’ 

Researchers at Michigan Technological 
University made progress in developing 
high-strength cold-worked metal matrix 
composites. This is an important area of 
research because the difficulties encount- 
ered in making metal matrix composites 
with graphite fiber have prevented the 
commercialization of any graphite fiber 
metal matrix system. The structure of the 
liquid phase sintering materials was ex- 
amined, and some theoretical explanations 
of the microstructure obtained were propos- 
ed. Some guidelines for development of 
high-strength metal matrix composites 
were drawn up, which could be applied to 
graphite fiber metal matrix composites.* 

A new competitor and substitute for 
graphite fiber and similar high-technology 
materials was developed. It is a class of 
materials called "ordered polymers," be- 
cause the molecules gain strength and stiff- 
ness by being physically ordered in a 
straight line. The polymer is spun into a 
fiber from solution. The resulting fiber has 
greater strength than graphite fiber but not 


quite the stiffness. Making a composite of 
the polymer is difficult because of low 
interpolymer compatibility, but a laborato- 
ry technique was developed in 1984. A 
number of universities and firms are doing 
further research. 

A study of the possible substitution of 
polymeric materials for critical materials 
showed that graphite fiber composites can 
be used to lessen the domestic needs for 
chromium. Substitution of graphite fiber 
composites and other polymeric materials is 
possible for chromium-bearing stainless 
steels in equipment for handling corrosive 
chemical substances and in decorative 
items such as automotive trim. In the deco- 
rative items, the composites could substi- 
tute for both the stainless steels and the 
chromium-plated products. Substitutions 
for cobalt, manganese, and platinum-group 
metals were deemed to be not feasible.’ 

A new method for graphitizing electrodes 
was developed that reduced by one-half the 
amount of electricity required for produc- 
tion. This is important because the cost of 
electricity is the major portion of the cost of 
producing the electrodes. The technique 
used is the longitudinal method of graphi- 
tizing by direct resistance heating. The 
energy savings resulted from carefully con- 
trolling the electrical input and from keep- 
ing the heating time as short as possible. 
Large-scale use of the method allows switch- 
ing from a one-line furnace to a multiline 
furnace for increased production. 

ASEA Metallurgical Industries Div. 
announced the operating data on a new 
single-electrode direct current arc furnace 
that will reportedly reduce graphite elec- 
trode consumption by one-half. While the 
new furnace costs 25% more, it was stated 
that the payback period was less than 1 
year as a result of savings from lower 
electrode consumption. A furnace using this 
new technology is now in commercial oper- 
ation in Sweden. 

An efficient low-cost graphite electrode 
fuel cell was developed at Michigan State 
University. Until this breakthrough, users 
had to choose between an efficient but 
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expensive platinum-electrode cell and a 
cheap but inefficient graphite-electrode cell. 
The high yield of the new fuel cell is derived 
from a porphyrin-coated graphite electrode 
that produces reactions similar to the 
energy-producing reactions of a living cell. 
The porphyrin is somewhat unstable, and 
research on constructing a more stable 
porphyrin analogue is proceeding. 


! Physical scientist, Division of Industrial Minerals. 

?Metal Bulletin Monthly. Union Carbide Regroups To 
Serve Changing Markets. No. 163, July 1984, pp. 9-17. 

3Robbins, J. Graphite—Drawing on Mixed Sources. Ind. 
Miner. (London), No. 202, July 1984, pp. 37-55. 

*Zhaoyang, and Y. Yantang. Development and Utiliza- 
tion of Industrial Minerals in China. Paper in Proc. 6th 
1121 rd Int. Cong., Ind. Miner. (London), 1984, pp. 
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5Soviet Geography. The Soviet Graphite Industry. V. 26, 
No. 1, Jan. 1985, pp. 66-67. 

Gornyy Zhurnal. Sept. 1984, pp. 9-12. 
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Gypsum 


By J. W. Pressler! 


The gypsum industry, spurred by lower 
interest rates and pent-up demand for hous- 
ing, with 1.7 million public and private 
housing unit starts in 1984, ended the year 
with record-high shipments of gypsum wall- 
board, 18.3 billion square feet, an increase 
of 9%. Output of crude gypsum and calcined 
gypsum also increased. Sales of gypsum 
products increased 10% to 24 million short 
tons valued at $2.3 billion. Imports for 
consumption of crude gypsum increased 
11% to 9 million tons. Total value of gyp- 


sum product exports decreased 7% to $30 
million. 

Domestic Data Coverage.—Domestic pro- 
duction data for gypsum are developed by 
the Bureau of Mines from a survey of U.S. 
gypsum operations. Of the 134 operations to 
which the annual survey request was sent, 
99% responded, representing 99% of the 
total production shown in tables 1 and 2. 
Production for nonrespondents was esti- 
mated using prior year production data. 


Table 1.—Salient gypsum statistics 
(Thousand short tons and thousand dollars) 


United States: 


Active mines and plants! .. 


Imports for consumption 
Byproduct gypsum sales 


Calcined: 


Produced. ²˙ eet a el he etes 
J ³Ü1¹A y 
(value) ---------------------—- 
Exports (value ') 
Imports for consumption (value)) 
World: Production 


E Valu 
Products sold 


“Estimated. Preliminary. Revised. 


1980 1981 1982 1983 1984 
114 113 109 111 113 
12,376 11,497 10,588 12. 14,319 
$103,059 $98,101 $89,131 $101,361 $113,671 

7,3 7,593 ,118 8,031 8, 

663 696 697 160 780 
11,848 11,687 11,243 13,902 15,450 
$270,3 $243,140 $196,488 $270,136 $320,518 
$1,241,949 $1,196,236 $1,121,775 $1,605,605 $2,274,261 
$27, , $29,550 2,0 ,892 
$51,880 51,720 $53,646 $87.880 $169,667 
186, 380 84,012 79,713 P86,374 *90,302 


Each mine, calcining plant, or combination mine and plant is counted as one establishment; includes plants that sold 


byproduct gypsum. 


DOMESTIC PRODUCTION 


The United States remained the world's 
leading producer of gypsum, accounting for 
16% of the total world output. 

Forty-two companies mined crude gyp- 
sum at 69 mines in 22 States. Production 
increased 11%. Leading producing States 
were Texas, Oklahoma, Michigan, Iowa, 
California, and Nevada. These six States 
produced more than 1 million tons each and 


together accounted for 65% of total domes- 
tic production. Stocks of crude ore at mines 
and plants at yearend were 2.7 million tons. 

Leading companies were United States 
Gypsum Co., 12 mines; National Gypsum 
Co., 7 mines; Georgia-Pacific Corp., 6 mines; 
Celotex Corp., a subsidiary of Jim Walter 
Corp., and Genstar Building Materials Co., 
3 mines each; and Weyerhaeuser Co., 1 
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mine. These 6 companies, operating 32 
mines, produced 78% of the total crude 
gypsum. 

Leading individual mines were United 
States Gypsum's Plaster City Mine, Imperi- 
al County, CA; United States Gypsum's 
Sweetwater Mine, Nolan County, TX; Unit- 
ed States Gypsum's Alabaster Mine, Iosco 
County, MI; United States Gypsum's Shoals 
Mine, Martin County, IN; Weyerhaeuser’s 
Briar Mine, Howard County, AR; National 
Gypsum's Sun City Mine, Barber County, 
KS; National Gypsum’s Tawas Mine, Iosco 
County, MI; United States Gypsum's South- 
ard Mine, Blaine County, OK; Pacific Coast 
Building Product's Las Vegas Mine, Clark 
County, NV; and Georgia-Pacific's Acme 
Mine, Hardeman County, TX. These 10 
mines accounted for 43% of the national 
total. Average output per mine for the 69 
U.S. mines increased 11% to 207,500 tons. 

Fourteen companies calcined gypsum at 
71 plants in 30 States, principally for the 
manufacture of gypsum wallboard and plas- 
ter. Calcined output increased 11% in ton- 
nage and 19% in value. Leading States were 
Texas, California, Iowa, and Florida. These 
4 States, with 20 plants, accounted for 35% 
of the national output. 

Leading companies were United States 
Gypsum, 22 plants; National Gypsum, 18 
plants; Georgia-Pacific, 9 plants; Genstar, 5 
plants; and Celotex, 4 plants. These 5 com- 
panies, operating 58 plants, accounted for 
83% of the national output. 

Leading individual plants were United 
States Gypsum's Jacksonville plant, Duval 
County, FL; United States Gypsum's Plas- 
ter City plant, Imperial County, CA; United 
States Gypsum's Sweetwater plant, Nolan 
County, TX; Weyerhaeuser's Briar plant, 
Howard County, AR; National Gypsum's 
Tampa plant, Hillsborough County, FL; 
United States Gypsum's Shoals plant, Mar- 
tin County, IN; United States Gypsum's 
Stony Point plant, Rockland County, NY; 
U.S. Gypsum's Fort Dodge plant, Webster 
County, IA; Georgia-Pacific’s Acme plant, 
Hardeman County, TX; and National Gyp- 
sum's Medicine Lodge plant, Barber Coun- 
ty, KS. These 10 plants accounted for 28% 
of the national production. Average calcine 
production for the 71 U.S. plants was 
217,600 tons, a 10% increase. 

The following companies sold a total of 
780,000 tons of byproduct gypsum, valued at 
$6.5 million, principally for agricultural 
use, but some for gypsum wallboard manu- 
facturing: Allied Chemical Corp. and J. R. 
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Simplot Co., both in California; Occidental 
Petroleum Corp. in Florida; American Cy- 
anamid Co. in Georgia; SCM Pigments Div. 
of SCM Corp. in Maryland; and Texasgulf 
Inc. in North Carolina. Approximately 19% 
was of nonphosphogypsum origin, compar- 
ed with 15% in 1983. Some byproduct gyp- 
sum was mixed with natural gypsum and 
commercially used in the manufacture of 
wallboard at United States Gypsum’s Balti- 
more, MD, plant using byproduct gypsum 
obtained from SCM Pigments Div.’s plant in 
Baltimore. 

The capacities of two reopened gypsum 
wallboard plants combined with the ex- 
panded capacities of other plants resulted 
in a 4% increase in domestic capacity of 
operating wallboard plants to 20.87 billion 
square feet. Total wallboard shipments 
were 18.3 billion square feet, indicating an 
88% utilization of operating capacity. Ship- 
ments were a new record, a 9% increase 
compared with that of 1983. 

Republic Gypsum Co. of Duke, OK, dou- 
bled the capacity of its gypsum wallboard 
plant to 685 million square feet of board per 
year. The $15 million expansion, by the 
addition of a second production line, was 
completed by yearend. 

Centex Corp., a major Dallas-based home- 
building, construction, and cement firm 
purchased the closely held Allied American 
Gypsum Co.’s wallboard plant in Albuquer- 
que, NM. The White Mesa gypsum mine 
and crushing plant, 30 miles north of Albu- 
querque, were also included. The mine and 
plant were purchased at yearend and were 
to operate as the Centex American Gypsum 
Co. 

One new gypsum mine was opened during 
the year. The W. R. Gypsum Co.’s California 
Valley Mine in San Luis Obispo County, 
CA, produced gypsum for agricultural use. 

Western Plains Materials’ McFaddin 
Mine in Woodward County, OK, produced 
mainly gypsum rock from its quarry for 
road construction use, but some was sold for 
use as a cement set retarder. 

Winn Rock Inc.’s Winnfield Mine in Winn 
Parish, LA, the only anhydrite mine in the 
United States, produced mainly rock from 
its quarry for road construction use, but 
some was sold for use as a cement set 
retarder. 

Reflecting sporadic markets for crude 
gypsum sold for cement or agricultural use, 
several gypsum mines were closed, or re- 
mained closed during the year. Glen C. 
Archer Gypsum Co. in California remained 
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closed. Ernest W. Munroe, Joe C. Lackey, 
Colorado Lien Co., and U.S. Soil Condition- 
ing Co., all in Colorado, were dormant. E. J. 
Wilson & Son's Lidy Hot Springs Mine in 
Lemhi County, ID, was closed. Walter Fisk's 
Lovelock Mine in Pershing County, NV, 
was inactive. Raymond Schweitzer Gypsum 
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Co.’s Calumet Mine in Canadian County, 
OK, and Walton Gypsum Co.'s Okeene Mine 
in Blaine County, OK, were dormant. The 
White Mountain Gypsum Co.’s Fillmore 
Mine in Millard County, VT, was perma- 
nently closed in May. 


Table 2.—Crude gypsum mined in the United States, by State 


1983 1984 

State Active ntity Value Active antity Value 
f (thousand f (thousand 
mines akort Ona) (thousands) mines short tons) (thousands) 
Arizona 4 265 $1,929 4 261 $2,332 
Arkansas, Kansas, Louisiana 5 1,328 8,038 5 1,465 9,577 
California 10 1,213 10,668 10 1,382 12,443 
Colorado, Idaho, Montana, South 

Dakota, Washington MEER 7 349 2,865 7 428 3,576 
Indiana, New York, Ohio, Virginia _ 5 1,766 13,699 5 1,844 14,330 
„ i ti et sies 6 1,612 13,518 6 1,527 12,421 
Michigan 4 1.097 8,104 5 1,534 10,304 
Nevada. 2222s 222 4 998 1,896 4 1,192 8,860 
New Mexico_______________ 3 169 1,016 3 318 1,622 
Oklahoma _______________ _ 6 1,351 11,571 6 1,549 13,485 
Teras 2 oa nom 7 2,049 16,357 7 2,166 19,431 
Utah: ee ea 5 305 2,736 4 277 2,671 
Wyoming 3 382 2,963 3 316 2,618 

rr eee a 69 12,884 101,361 69 14,319 113,671 
1Data may not add to totals shown because of independent rounding. 
Table 3.—Calcined gypsum produced in the United States, by State 
1983 1984 
State Active ane Value Active tity Value 
usand (thousand 
plants Short tons) (thousands) plants short tons) (thousands) 
Arizona and New Mexico 3 275 $5,779 3 382 $8,770 
Arkansas, Louisiana, Oklahoma 6 1,399 27,411 6 1,600 30,318 
California 6 1.487 31.561 6 1,519 35,964 
Colorado and Utah... 3 313 5,792 3 352 7,010 
Delaware and Marylanddg _ _ _ _ 3 121 14,811 8 183 16,695 
Here Res E 3 1,004 21,351 3 1,160 25,114 

ORGS 6 Lou cL uu C 8 666 14,574 3 702 15,940 
Illinois, Indiana, Kansas 6 1,378 22,153 6 1,405 25,765 
ö; t x 5 1.090 19,752 5 1,173 22,931 
Massachusetts, New Hampshire, 

New 5 Pennsylvania 5 630 13,312 5 789 17,387 
Michigan 3 335 6,000 4 500 9,446 
Montana, Washington, Wyoming 5 579 14,077 5 701 17,195 
Nevada 3 671 11,398 3 779 13,877 
New York ________________ 4 949 17,556 4 986 19,627 
North Carolina and Virginia 3 600 11,274 3 628 12,835 

pM ĩðVj a es hal 3 291 6,480 3 404 9,425 
doxes ARCA UOS 6 ,509 26,852 6 1,587 32,157 
Total! — AAA Gees 10 13,902 210,136 71 15,450 320,518 


1Data may not add to totals shown because of independent rounding. 
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Figure 1.—Supply of crude gypsum in the United States 


CONSUMPTION AND USES 


Apparent consumption, production plus 
net imports plus industry stock changes, of 
crude gypsum, including byproduct gypsum, 
increased 7% to 24.1 million tons. Net 
imports provided 37% of the crude gypsum 
consumed. Apparent consumption of calcin- 
ed gypsum increased 11% to 15.3 million 
tons. 

Yearend stocks of crude gypsum at mines 
and calcining plants were 2.7 million tons. 
Of this, 58% was at calcining plants in 
coastal States. 

Of the total gypsum products sold or used, 
5.7 million tons, 24%, was uncalcined. Of 
the total uncalcined gypsum, 75% was used 
for portland cement and 23% was used in 
agriculture. Leading sales regions for gyp- 
sum used in cement were the West South- 
Central, South Atlantic, and Pacific; these 


three regions accounted for 62% of the 
total. For agricultural gypsum, the Pacific. 
and East South-Central regions accounted 
for 84% of total sales. 

Of the total calcined gypsum, 96% was 
used for prefabricated products, and 4%, for 
industrial and building plasters. Of the 
prefabricated products, based upon surface 
square feet, 68% was regular wallboard, 
22% was fire-resistant Type X wallboard, 
5% was 5/16-inch mobile home board, and 
5% was lath, veneer base, sheathing, and 
predecorated wallboard. Of the regular 
wallboard, 84% was 1/2-inch and 10% was 
5/8-inch. The leading sales regions for pre- 
fabricated products were the South Atlan- 
tic, West South-Central, and Pacific, and 
accounted for 55% of the total. 
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Table 4.—Gypsum products (made from domestic, imported, and byproduct gypsum) 
sold or used in the United States, by use 


(Thousand short tons and thousand dollars) 


U 1983 1984 
oii Quantity Value Quantity Value 
Uncalcined: 
Portland cement 3,955 39,770 4,286 41,046 
Gulf... 8 1.309 18,284 1,326 18,671 
Fillers and miscellaneounssssss 197 5,967 125 6,597 
7/ôöÜ—ꝓ ⅛˙Ü ũ A Le e EE aret 5,461 64,021 5,737 66,314 
Calcined: | 
Industrial rr. ede sup em 388 37,558 453 45,866 
Building plaster: 
Regular base coat _______________-____- 158 14,906 155 15,356 
Poured um cement and concrete 46 4,391 4 365 
Veneer plaster _______________________ 83 11,219 89 12,680 
Gaging plaster and Keene’s cement: 25 3,150 23 3,030 
CG0/ö/öĩ! AAA eee Ee 9 1,186 9 1,201 
C1! eee me me 321 34,852 280 232,633 
Prefabricated products? s 15,673 1,469,174 17,572 2,129,448 
Total calcined - - - - - - - - - -- - -- -----——- 216,381 1,541,584 18,305 2,207,947 
Grand total 226.52 ] y a 321,843 1,605,605 24,042 2,274,261 
‘Includes most of 760,116 tons of byproduct gypsum in 1983 and most of 779,603 tons in 1984. 
2Data do not add to total shown because of independent rounding. 
Includes weight of paper, metal, or other materials, and some byproduct gypsum. 
Table 5.—Prefabricated gypsum products sold or used in the United States 
1983 1984 
Product Thousand Thousand Value Thousand Thousand Value 
uare short (thou- uare short (thou- 
eet tons! sands) eet tons! sands) 
Lath: 
3/8inch ---------------—-—- 47,530 36 $4,981 30,600 23 $4,282 
ref 99,180 91 9,930 ,500 1 202 
fr 146,710 126 14.912 32,100 24 4,484 
Veneer base 369,019 386 33,784 408,270 470 50,882 
Sheathinn gz 338,839 316 38, ,315 331, 720 325 49,773 
Regular gypsumboard: 
3/8 ACR c Wh nee E 480,106 392 40,850 415,283 361 54,047 
777% er et een 9,695,968 8,679 774,993 10,490,118 9,262 1,135,688 
Sir os aaa 1,313,854 1,205 127,593 1,298,586 1,430 162,942 
ile eem. 53,570 91 9,794 ,600 126 13,513 
Other 8 130,269 114 11,744 162,370 125 18,880 
Mr A 8 11,673,761 10,481 964,974 12,487,957 11,304 1,385,069 
Type X gypsumboard ______.._____-_ 3,266,579 3,546 306, 175 4,040,744 4,677 507, 100 
Predecorated wallboard |. 112,480 109 33,920 127,110 134 41,013 
5/16-inch mobile home boar 853,314 106 16,593 853,850 615 87,704 
Other e 2.380 3 502 25.930 23 3,423 
Grand total? _____________ 16,763,088 15,673 1,469,174 18,313,681 17,572 2,129,448 


Includes weight of paper, metal, or other material. 


Data may not add to totals shown because of independent rounding. 


Includes 1/4-, 7/16-, and 3/4-inch gypsumboard. 
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Figure 2.—Sales of gypsum products, by use. 


ENERGY 


Efficient production scheduling, superior 
insulation, and energy-saving processing 
equipment such as one-step drying and 
calcining continued to improve the utiliza- 
tion of energy per unit of wallboard as in 
the past few years. Energy consumption per 
thousand square feet of gypsum wallboard 


sales decreased 7% to 2.43 million British 
thermal units. 

As reported by the Gypsum Association, 
fuel sources for the gypsum industry were 
natural gas, 84.8%; electricity, 6%; pro- 
pane, 1%; No. 2 fuel oil, 2.7%; No. 4 and No. 
6 fuel oil, 2.396; and coal, 3.292. 


PRICES 


On an average value per ton basis, crude 
gypsum increased 1% to $7.94, calcined 
gypsum increased 7% to $20.75, and by- 
product gypsum decreased 12% to $8.30. 

The average value of gypsum products 
sold or used increased 29% to $94.60 per 
ton. Prefabricated products were valued at 
$121.18 per ton, industrial plasters at 
$101.25 per ton, building plaster at $116.55 
per ton, and uncalcined products at $11.56 
per ton. 

Quoted prices for gypsum products were 


published monthly in Engineering News- 
Record. Prices in December, based on truck 
lots delivered to the job, showed a wide 
range. Regular 1/2-inch wallboard prices 
ranged from $114 per thousand square feet 
at Los Angeles to $232 at New York. Aver- 
age price in December for 20 cities was $169 
per thousand square feet, with some minor 
discounts for prompt payment. This repre- 
sented a 19% increase compared with that 


of December 1983. 
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FOREIGN TRADE 


The gypsum industry continued to rely on 
imports of crude gypsum rock for a signifi- 
cant fraction, 37%, of apparent consump- 
tion. Imports for consumption of crude gyp- 
sum, principally from Canada, 67%; Mexi- 
co, 21%; and Spain, 10%; increased 11% to 
8.9 million tons. Spanish imports into the 
South Atlantic Coast and Gulf Coast States 
were more than 922,000 tons. Most of the 
imported crude gypsum was mined by sub- 


sidiaries of U.S. companies in Canada and 
Mexico. 

Total value of gypsum products exported 
to all countries was about $30 million, a 7% 
decrease. Total value of gypsum and gyp- 
sum products imported was about $170 
million, an increase of 98%. Gypsum wall- 
board imports principally from Canada, 
91%, were 865 million square feet, a 175% 
increase. 


Table 6.—U.S. exports of gypsum and gypsum products 
(Thousand short tons and thousand dollars) 


h 
Crude, crushed, 9 
Year or calcined factures Total 
Quantit Value nec. Value 
á (value)! 
/ 000000 pi LL UM mu I eL es 123 13,319 16,281 29,550 
ib. PUEDE ERN 117 13,621 18,467 32,088 
INE. aS a nee 9 ] r i — :::. ͤ d ß. ĩ ĩ cU 131 12,711 17,141 29,852 


“oa gypsum or plaster building boards and lath (TSUSA 245.7000) and articles, n.s.p.f., of plaster of paris (TSUSA 


Table 7.—U.S. imports for consumption of gypsum and gypsum products 
(Thousand short tons and thousand dollars) 


Other 
Ground or Alabaster i : 
Year Crude calcined m pois factures ie 
: v 
Quantity Value Quantity Value (value) (value) 175 15 3 xS 
1982. eet 6,718 35,981 2 304 1,120 13,556 2,685 53,646 
1988 — 8,031 56, 960 4 305 1.922 26,200 2,492 487,880 
19844. —— 8,904 13,965 11 392 3,300 86,962 5,048 169,667 


Includes imports of jet manufactures, which are believed to be negligible. 
Ancludes gypsum or plaster building boards and lath (TSUSA 245.7000). 


3Comprised of statues and articles, n.s.p.f., of plaster of paris (TSUSA 512.4100 and 512.4400) and gypsum cement 
(TSUSA.. 512. 3100 and 512.3500). 


Pata do not add to total shown because of independent rounding. 


Table 8.— U.S. imports for consumption of crude gypsum, by country 
(Thousand short tons and thousand dollars) 


Coss 1983 1984 
un 
id Quantity Value Quantity Value 
Australa ob uel d ³ Lt UN e E. ERA T" 15 160 
J/%)))öõõͤ ³o.¹ dd / ⁰⁰= e a 0,416 43,231 6,006 58,980 
Jamaica  n ⁰¹·üimͥàA y 27 154 112 977 
PJ re y ces Li 1,563 6,463 1,837 1,392 
)) Pe Sg cce le ⁰⁰yd y Se E EAT 955 6,895 922 6,312 
a d EE E 110 1218 12 143 
TOR ^ ous Mane pg EE 8,031 56,960 8,904 13,965 
r 
!Includes anhydrite. 


*Data may not add to totals shown because of independent rounding. 
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WORLD REVIEW 


Production of gypsum from small deposits 
in the developing countries has been inter- 
mittent and often unreported. Total world 
production figures might be somewhat low 
because, in many countries, significant 
mine production was consumed captively in 
integrated industrial plants producing wall- 
board, plaster, and plaster products, and 
was unreported. 

Australia.—It was estimated that gypsum 
production in Australia increased 11% to 
2.2 million tons. Approximately 35% was 
exported, principally as a cement set retard- 
ant, to Indonesia, 28%; New Zealand, 17%; 
and Taiwan and Singapore, 11% each. Do- 
mestic end uses were principally for gyp- 
sum plasterboard, 56%; plaster of paris, 
44%; and some acoustical tile. Gypsum 


production in Australia was largely con- 


trolled by the country's two major plaster 
manufacturers, CSR Ltd. and Boral Ltd.'s 
subsidiary, Australian Gypsum Industries 
Ltd. Both companies mined gypsum in 
South Australia and Victoria; CSR also 
mined gypsum in New South Wales and 
Western Australia.* 

Canada.—Canada was the second leading 
producer of crude gypsum, accounting for 
11% of the world total with shipments of 9.6 
million tons, a 16% increase. 

Canada exported 6 million tons of crude 
gypsum, over 60% of its production, from 
Nova Scotia and Newfoundland, to the U.S. 
Atlantic and Gulf Coast States, principally 
to gypsum wallboard plants. Principal U.S. 
customs districts entered were Tampa, FL, 
22%; New York, NY, and Philadelphia, PA, 
17% each; Savannah, GA, 14%; Baltimore, 
MD, 11%; and the balance of 33% through 
10 other customs districts. Canada also 
exported over 795 million square feet of 
wallboard into the Northern States, a 165% 
increase, and a new annual record. Three 
plants in Alberta, Ontario, and Quebec, two 
plants in Manitoba, and one in Saskatche- 
wan exported gypsum wallboard to the 
United States through U.S. customs dis- 
tricts of Buffalo, NY, 49%; St. Albans, VT, 
15%; Duluth, MN, 11%; Ogdensburg, NY, 
9%; and the balance of 16% through 12 
other customs districts. All Canadian gyp- 
sum wallboard manufacturers were mem- 
bers of the Gypsum Association in the 
United States, which announced that year- 
end Canadian wallboard capacity was 3.67 
billion square feet, a 5% increase. 


Anhydrite was produced by two mines in 
Nova Scotia, Fundy Gypsum Co. Ltd. at 
Wentworth and Little Narrows Gypsum Co. 
Ltd. at Little Narrows. Production from the 
two mines in 1983 was about 120,000 tons, 
most of which was shipped to.the United 
States for use as a cement set retarder and 
as a peanut crop fertilizer.? 

China.—An anhydrite mine with a capac- 
ity of 330,000 tons per year went into 
production near Nanjing in Jiangsu Prov- 
ince of China. With reserves of more than 
770 million tons, it represented the largest 
anhydrite deposit found in the country. The 
anhydrite was to be used in the construction 
industry and for the manufacture of sulfur- 
rich chemical fertilizer for eastern China.* 

Cyprus.—Production of gypsum in Cy- 
prus declined for the fourth year to about 
37,000 tons. Exports of crude and calcined 
gypsum remained small. About one-third of 
the production was used in manufacturing 
industrial and building plasters. Peletico 
Plasters Ltd. mined high-purity gypsum in 
an area about 5 miles northwest of Larnaca 
and produced lightweight and premixed 
building plasters. 

Gypsotechnics Ltd. mined gypsum in the 
Aradippou area and crushed and calcined it 
at a plant about 1 mile from the Port of 
Larnaca. The plant had a capacity of about 
100,000 tons per year of plaster of paris and 
gypsum-based building plasters. Gypsotech- 
nics planned in 1985 to produce gypsum 
blocks by extrusion for internal partitioning 
of housing. United Gypsum Ltd. operated a 
quarry at Psematismenos and produced 
about 25,000 tons per year as a cement set 
retarder.5 

Greece.—Both of the major cement pro- 
ducers, Titan Cement Co. and Heracles 
General Cement Co. have their own source 
of gypsum on the island of Crete. Titan has 
a quarry near Sitia with a capacity of 
200,000 tons per year. Heracles has an 
affiliated company, Lava Mining & Quarry- 
ing Co. Ltd., which produced about 330,000 
tons per year from its quarry near Altsi. 
The commercial mine-run material was 
about 60% gypsum, 30% anhydrite, and 
10% calcium carbonate.* 

Ireland.— Production of gypsum by Irish 
Gypsum Ltd. was almost 390,000 tons, but 
markets were constrained by less cement 
production and reduced building activity. 
Exports of crude and calcined gypsum to the 
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United Kingdom averaged about 50,000 tons 
per year.’ 

Jamaica.—Jamaica increased gypsum 
production 68%. Jamaica Gypsum and 
Quarries Ltd. made three 22,000-ton ship- 
ments to Lone Star Industries Inc. in New 
Orleans, LA, valued at about $7 per ton. 
Other U.S. gypsum imports from Jamaica 
enterod customs districts of Charleston, SC, 
San Juan, PR, and Miami, FL.* 

Japan.—Production of gypsum increased 
4%. Virtually all gypsum supply was syn- 
thetic gypsum as phosphogypsum, 41%, flue 
gas desulfurization gypsum, 35%; fluoro- 
gypsum, 8%; titanogypsum, 7%; and other, 
9%. End-use patterns were gypsum wall- 
board, 44%; cement set retarder, 43%; plas- 
ter, 4%; exports, 3%; and other, 60. 

Morocco.—Gypsum is potentially Moroc- 
co’s second most important mineral re- 
source after phosphates. Major reserves of 5 
billion tons are located near Safi. From 
390,000 tons in 1979, production increased 
to 500,000 tons in 1984. Morocco is the 
leading exporter of gypsum to the Ivory 
Coast, Senegal, Gabon, and other West Afri- 
can countries, and exported small amounts 
to Europe, Asia, and Latin America.“ 

Pakistan.—A $6.3 million gypsum grind- 
ing and calcining plant was constructed and 
on-stream at yearend by the Gypsum Corp. 
of Pakistan at Taunsa, 50 miles north of 
Dera Ghazi Khan in Punjab. The plant had 
a capacity of 265,000 tons per year and was 
to manufacture agricultural gypsum, plas- 
ter of paris, and a variety of gypsum wall 
and ceiling plasters." 
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South Africa, Republic of.—The Kimber- 
ley district contained the Republic of South 
Africa's most productive gypsum deposits, 
principally because of their location next to 
rail links. The belt extends 120 miles from 
Kimberley southwest to Prieska. Limestone 
overburden stripping must be accomplished 
in most cases, and some clay contamination 
required washing prior to shipment. Gyp- 
sum also occurs extensively in Cape Prov- 
ince and in central Transvaal. The Republic 
of South Africa's largest gypsum producer, 
Gypsum Industries Ltd., initiated a $30 
million project for the construction of a 
rhinoboard and plaster plant, the largest 
expansion in the gypsum sector since the 
1950's. The new plant was to use phospho- 
gypsum from Triomf Fertilizer (Pty.) Ltd.'s 
phosphoric acid plant and was to be opera- 
tional by 1987.12 

United Kingdom.—Gypsum and anhy- 
drite production remained virtually the 
same. British Gypsum Ltd. mined about 3.5 
million tons of gypsum and 40,000 tons of 
anhydrite during 1983. The anhydrite came 
from the Newbiggen Mine at Kirby Thore 
in Cumbria, the only anhydrite producer in 
the United Kingdom. British Gypsum. had 
nine underground gypsum mines and three 
quarries, and a fourth was about to come 
on-stream. Two-thirds of the production 
came from three deep mines and three 
quarries in the Midlands. Gypsum was also 
produced by Blue Circle Industries PLC 
from its 100,000-ton-per-year quarry at Kil- 
vington, Nottinghamshire, principally for 
its own cement plants. 


Table 9.—Gypsum: World production, by country! 


(Thousand short tons) 

Country 1980 1981 1982 1983” 1984* 
Afghanistans x To 3 e6 6 
Algerid nuu neu ee aes 220 220 220 215 215 
lr oc e LL 28 22 22 22 20 
Argentina 1,028 739 679 563 550 
Australia nunc 1,443 11,932 2,054 1,984 2,200 
Austria) 919 882 802 828 816 
FFP 192 170 (3) (3) M 
Bolivia `- ——-------------—--——-——-—. 1 1 1 ei 1 
Brazill“7 601 659 750 613 5613 
Bulgaria- -_-—------------------——— 343 386 414 425 400 
Burma* __________________________ 41 34 29 38 543 
Canada (shipments? ------------------ 8,087 7,744 6,600 8.275 9,600 
Ü ˙⁰àài]i.. . 1300 1376 144 132 5234 
China 2 13,600 13,700 3,900 14,700 5,300 
Colombia --—--——-----------------——- 289 298 309 309 5287 
Cuba o e eh A 134 143 140 145 145 
Cyprus- -----------------------_- 48 769 61 46 537 
Czechoslovakia 834 845 875 935 880 
Dominican Republic 259 225 €230 €230 230 
Ecuador - d 7 2 e2 22 2 


See footnotes at end of table. 


458 MINERALS YEARBOOK, 1984 


Table 9.—Gypsum: World production, by country! —Continued 


(Thousand short tons) 
Country 1980 1981 1982 1983P 1984* 
p peer DUM 1,036 1,047 1,026 195 800 
El Salvador _____~___________________ 10 7 6 e5 5 
ECHIODIB ³˙¹wrw d LE 1 5 4 e5 5 
France? __________________________ 7,155 76,839 6,657 6,111 6,000 
German Democratic Republic 1379 379 1379 379 
Germany, Federal Republic of (marketable)? .. _ _ _ 2,480 2,122 1,897 2,739 2,400 
Greece __ =e 5535 1550 1550 550 550 
Guatemala ________________________ 37 32 31 43 40 
Honduras? ________________________ 25 22 22 T22 25 
Indic. a s n he ß ERT eee 955 1,045 1,070 1,145 1,400 
Eg 1) nee eee ee ee cea MESE MORE SCC. 7,700 6,600 5, 500 6,000 „500 
Ila luteo ML DICA t E E Ten 190 190 190 190 330 
IC ux CL ỹ]ĩð⁊˙%53. a ee re etd 421 397 409 388 400 
õͤöÜẽĩꝛ %˙Ü m ]ꝗ7tſ mnDd 8? £ 46 46 46 50 
Waly E A ee es te EE 1,801 1,702 1,472 1,530 1,400 
//§ö;ͤ?ͤqqG.Æ2Ä ff Fy ne a ne 6 206 118 119 200 
düpan* fac er at ot ce Dre i ll ete 6,730 6,765 7,014 6,443 6,700 
Jordan. -ce d le 58 44 45 5121 
Kenyan si te cess M ds (7) 1 1 
Korea, Republic oft 700 700 800 1,000 5558 
LbB808 uc ³˙² df cruda LR ee 22 45 e70 ego 590 
Lebsnónccuct ll. ncrcel s n celu S 11 10 6 6 6 
II ³⁰ A iE. 1198 1198 193 198 5198 
Luxembourg _ 1 1 (7) (7) (7) 
Mauritania ________________________ 13 2 e6 24 1 
Ä ²˙wmꝛAA y ci ulus acie ce 2,393 2,035 2,251 3,261 8,300 
Mongolia 33 35 35 35 85 
öA;ö!öÄo ͤ 0 vx Ve LE 417 439 463 486 500 
NiIiiiiC(öĩ[ẽr. vdy Kd e 44 *33 22 13 10 
ö; y ⁰⁰ 88 3 3 3 3 3 
PHH ↄ ͥ AZ A Eel 626 433 341 314 5376 
Paraguay ~- ----------------------- 13 11 7 4 57 
Vi: ³ A ĩ le 309 386 400 400 400 
Philippines |... „ 121 122 121 122 120 
Poland" * ³o¹w1iuä es se Le Lu EA LE 51,568 71,450 1,430 1,430 1,430 
Portugal ...——-—— uL eu 1226 268 *300 300 800 
Romania®_________________________ 51,116 1,800 1,800 1,800 2,000 
Saudi Arabia aaa 331 386 400 r €550 5331 
Sierra Leone -——_—--------------—----- E us ES AN 4 4 
South Africa, Republic olf 499 612 590 571 5590 
pain ge ae SY ORME 15,757 5,829 5,564 5,620 6,200 
S ⁵ð⅛iüAA Sue eke 11 17 17 9 9 
Switzerland _______________________ 160 95 180 r85 85 
2222 tee RR RT 87 88 *90 186 5220 
II ³Üw ues ccr 9 7 2 3 52 
Tanzania 12 13 13 13 13 
117ôöõĩ³˙ü¹m ⁵ ⁰ A tuu us 454 596 831 838 51,224 
Fun!!!! LLL e e 180 180 180 95 100 
( A883 80 100 100 83 564 
USSR S . e p ELLO RUE 5,400 15, 400 15,400 15,400 5,400 
United Kingdomñ dh 3,800 3,245 3,021 3,271 3,300 
United States 12,376 11,497 10,538 12,884 514,319 
r e a 19 NA 135 167 165 
Venezuela- -—--------------------—- 129 241 175 226 170 
Vietnamt _________________________ 17 17 30 30 30 
Yemen Arab Republic _~___~_____________ du e29 24 26 597 
Yugoslavia ___________ Xie RSEN 682 737 705 772 770 
QUAN ots 186,380 184,012 79,713 86,374 90,302 
*Estimated. Preliminary. ‘Revised. NA Not available. 


1Table includes data available through June 2, 1985. 
ncludes anhydrite. 

3Revised to zero. 

*Data are for years beginning Apr. 1 of that stated. 

5Reported figure. 


Includes byproduct gypsum. (In the case of Japan, byproduct gypsum was virtually all gypsum consumed during 


1980-84.) 
Less than 1/2 unit. 
SExcludes byproduct gypsum. 
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TECHNOLOGY 


United States Gypsum started commer- 
cial production of a gypsum fiber filler in an 
8-million-pound-per-year plant in East Chi- 
cago, IN. The filler is composed of whiskers 
of hemihydrate calcium sulfate with an 
aspect ratio of 30:1, with average lengths of 
60 micrometers and diameters of 2 microm- 
eters. It was considered as an inexpensive 
reinforcing filler as a partial replacement 
for fiberglass, with a market price of 40 
cents per pound, about one-half that of glass 
fiber. The major market was expected to be 
plastics with a wide range of both thermo- 
setting and thermoplastic materials." 

State-of-the-art technology characterized 
the megaplant expansion projects of United 
States Gypsum's two gypsum wallboard 
plants in Sweetwater, TX, and Jacksonville, 
FL. Both plants have capacities of over 600 
million square feet of board annually and 
have high-speed computerized production 
lines and normal operating speeds of 250 
feet per minute. The new Sweetwater pro- 
duction line was more than 1,500 feet long. 
These two plants, the largest gypsum wall- 
board plants in the world, were designed to 
serve the Sun Belt population areas with 
their high demand for housing.'5 

A new process was developed to convert 
the byproduct gypsum from flue gas desul- 
furization systems into a product that can 


be used in cement and other industries. The 
process oxidized calcium sulfite into sulfate 
or synthetic anhydrite. A fluid-bed thermal 
treatment system was used, which produced 
a dry pellet suitable for use as a cement set 
retarder, for other anhydrite uses such as 
specialty cements, and for temporary con- 
structions in coal mining.!* 


1Physical scientist, Division of Industrial Minerals. 
2Department of Resources and Energy, Bureau of Miner- 
als Resources, Geology and Geoph 175 Annual Review 
1981, Australian Mineral Industry. 
Stonehouse, D. H. Gypsum and Audit Can. Miner. 
Yearbook, 1983-84, 8 pp. (preprint). 
*Industrial Minerals (London). Company News & Miner- 
al Notes. No. 210, Mar. 1985, p. 78. 
5Griffiths, J. The Industrial Minerals of Cyprus. Ind. 
Miner. (London), No. 207, Dec. 1984, p. 29. 
e . Hellenic Industrial Minerals. Ind. Miner. (Lon- 
don), No. 208, Jan. 1985, p 
7Dhonau, N. B. Republic of Ireland. Mining Annual 
Review—1984. Min. Mag. (London), June 1984, p. * 49. | 
8Mining Journal (London) Jamaica. Mining Annual 
Review— 1984. June 1984, p. 323. 
®Idemitsu Kosan Co. Ltd. 1984 Annual Report. Attach- 
ment, 2 pp. 
100. S. Embassy, Rabat, Morocco. State Dep. Airgram 
A-9, June 11, 1984, p. 6. 
11Page 79 of work cited in footnote 4. 
12U S. Embassy, Johannesbu ublic of South Afri- 
ea tate Dep. Airgram A-16, 127 2 25, 1984, Enclosure 1, 
P 
18Mining Journal (London) Western Europe. Mining 
Annual Review—1984. June 1984, p. 448. 
Industrial Minerals (London). Gypsum Fibre Filler. 
No. 203, Aug. 1984, p. a 
ispit & uarry. Wallboard Megaplants Designed To 
Serve Sun Bet Area. V. 75, No. 10, hee 1983, pp. 56-61. 
16Chemical Market Reporter. Flue Gas Converted to 
Useful Products. V. 227, No. 9, Mar. 4, 1985, p. 35. 
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Helium 


By William D. Leachman! 


Grade-A helium (99.995965 or better) sales 
volume in the United States by private 
industry and the Bureau of Mines was 1,245 
million cubic feet (MMcf) in 1984.2 Grade-A 
helium exports by private producers were 
392 MMcf, for total sales of 1,637 MMcf of 
U.S. helium. The Bureau’s price, f.o.b. 
plant, for Grade-A helium was $37.50 per 
thousand cubic feet (Mcf). The price of 
Grade-A helium gas sold by private produc- 
ers was about $36 per Mcf at the end of the 
year, and the price of liquid helium aver- 
aged $55 per Mcf gaseous equivalent with 
some producers posting surcharges to these 
prices. 

Domestic Data Coverage.—Domestic pro- 
duction data for helium are developed by 
the Bureau of Mines from records of its own 
operations as well as the “High Purity 


Helium" survey, a single, voluntary canvass 
of private U.S. operations. Of the six oper- 
ations to which a survey request was sent, 
100% responded, and those data plus data 
from the Bureau’s operations represent 
100% of the total production shown in table 
2 


Legislation and Government  Pro- 
grams.—The Government's program for 
Storage of private crude helium in the 
Government's helium storage facilities at 
the Cliffside Field near Amarillo, TX, was 
indispensable in supplying helium for the 
private helium market. Private crude heli- 
um previously stored under contract with 
the Government was delivered back to the 
owners for purification and sale to private 
industry. 


DOMESTIC PRODUCTION 


In 1984, 11 privately owned domestic 
helium plants were operated by 8 compa- 
nies. Seven privately owned plants and one 
Bureau plant extracted helium from natu- 
ral gas. Both private and Bureau plants use 
cryogenic extraction processes. Pressure- 
swing adsorption is used for helium purifi- 
cation at two newer private helium plants 
and the Bureau's plant. Cryogenic purifica- 
tion is used by.other producers. The Bureau 
and all six private plants that produce 
Grade-A helium also liquefy helium. They 
are Air Products and Chemicals Inc., 
Hansford County, TX; Navajo Refined Heli- 
um Co., Shiprock, NM; Kansas Refined 
Helium Co., Otis, KS; Union Carbide Corp., 
Linde Div., Elkhart, KS; Union Carbide, 
Linde Div., Bushton, KS; and Union Car- 
bide, Linde Div., Ulysses, KS. Cities Service 
Cryogenics Inc.'s purification plant at Ulys- 


ses was sold to Union Carbide on October 1, 
1984. 

The volume of helium recovered from 
natural gas increased because two private 
crude helium plants that were temporarily 
shut down during the summer months, 
owing to the lack of natural gas liquids 
markets, resumed operation sooner than 
anticipated and because the possibility of a 
high value being placed on helium at the 
wellhead was eliminated when the court 
established reasonable values in lawsuits 
involving the lessors, lessee-producers, and 
the helex companies. Most of the natural 
gas processed for helium extraction came 
from the gasfields in Kansas, New Mexico, 
Oklahoma, and Texas. 

The Bureau's 500-liter-per-hour helium 
liquefier was accepted in 1981 and has 
operated satisfactorily. A wet-expansion en- 
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gine is presently being installed in the liquid helium continues to grow as national 
liquefier to increase its output. This new defense, space, and energy research devel- 
equipment is expected to increase liquefac- opment projects using liquid helium ex- 
tion capacity about 20%. The demand for  pand. | 


Table 1.—Ownership and location of helium extraction plants in the United States 


in 1984 
Category and owner or operator Location Product purity 
Government-owned: 
Bureau of Mines Masterson, X. Crude and Grade-A helium. 
DO eo Soto Se eee a eec Keyes, Gk 8 tank car maintenance 
| only. 
Private industry: 
Air Products and Chemicals Ine Hansford County, TX... Grade-A helium.! 
Cities Service Cryogenics Inne Scott City, 8 Crude helium. 
Cities Service Helex Inc ________--------~- Ulysses, K... Do? 
Kansas Refined Helium Co _____________ ~~ _ Otis, 8s. Grade-A helium.! 
Navajo Refined Helium Co 7 Shiprock, Nu Do.? 
Northern Helex Co -------------------- Bushton, &&. Crude helium. 
Phillips Petroleum CO C mas, IK Do. 
Do HERR OE Hansford County, TX. Do. 
Union Carbide Corp., Linde Div- - - - - -------- Bushton, ES |... Grade-A helium.“ 
/)õö%é[% ] 0mÄSr. mw ... eee ue as KS _-----—- Do.! 
Do: oa m ru Itt LA. Ulysses, K. Do.! 


!Including liquefaction ( liquefier installed at Navajo Refined Helium in 1984). 
2Output is piped to Ulysses, KS, for purification. 
Cities Service Cryogenics Inc.'s Grade-A facility at Ulysses, KS, sold to Union Carbide Corp., Linde Div., Oct. 1, 1984. 


Table 2.—Helium recovery in the United States! 


(Thousand cubic feet) 
1980 1981 1982 1983 1984 
Crude helium: 
Bureau of Mines: 
Total storage - ______..._______- 22,887 -251,199 -850,235 -215,114 -314,969 
Private industry: | 
Stored by Bureau of Mines 633,956 452,880 113,261 282,018 506,092 
Withdrawn nnn: -266,898 -304,987 -724,113 -729,134 -605,935 
Total private industry storage 367,058 147,893 -610,852 -447,116 -99,843 
Total crude helium ........... 389,945 -109,906 -961,087 -722,830 -414,812 


Stored private crude helium withdrawn from 
storage and purified by the Bureau of Mines 


for redelivery to industry -200,612 -80,208 551,234 -65,015 -49,057 
Grade-A helium: m 

Bureau of Mines sold 187,135 240,880 305,071 241,733 294,460 

Private industry sold... - -- ---------- 986,601 1,014,543 939,496 1,120,955 1,342,961 

Total sold 1.174, 336 1,255,423 1,244,567 1,362,688 1,637,421 

Total store 189,333 -190,114 -1,012,321 -787,845 -463,869 

Grand total recovery ---------- 1,363,669 1,065,309 232,246 574,843 1,173,552 


!Negative numbers denote net withdrawal from the Government's underground helium storage facility, a partially 
depleted natural gas reservoir in Cliffside Field near Amarillo, TX. 


HELIUM 


Table 3.—Summary of Bureau of Mines helium plant operations 
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(Thousand cubic feet) 
1982 1983 1984 
Supply: 

Inventory at beginning of period)! 14.375 20,368 22,400 
Helium recovered: Exell plant: Grade-A?.. . 362,298 308,780 339,280 
14ô»ͤ%é!]]n]]n½)!.. 0d AAA M MEE E I Le x 316,613 329,148 361,680 

Dispose 
les of Grade-A helium... - - ---------------------—-—- 305,071 241,733 294,460 
Redelivered to private producers 51,234 65,015 49,057 
Inventory at end of period? --—---------------------—-——- 20,368 22,400 18,163 
Total. ucc /d ( es ee 376,673 329,148 361,680 


1At Amarillo and Exell helium plants. 
2Includes 51,234 Mcf purified for private industry in 1982, 65,015 Mcf in 1983, and 49,057 Mcf in 1984. 
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Figure 1.—Helium recovery in the United States, 1960-84. 
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Figure 2.—Major U.S. helium-bearing natural gas fields. 


CONSUMPTION AND USES 


The major domestic end uses of helium 
were cryogenics, welding, and pressurizing 
and purging. Minor uses included synthetic 
breathing mixtures, chromatography, leak 
detection, lifting gas, heat transfer, and 
controlled atmospheres. The Pacific and 
gulf coast States were the principal areas 
for helium demand. 

Five more successful space shuttle 
launches were made by the National Aero- 
nautics and Space Administration using 
Bureau helium. The Challenger Space Shut- 
tle was launched three times, and the Dis- 
covery Orbiter was launched twice. Each 
space shuttle launch requires about 7.5 
million cubic feet of helium for purging and 
pressurizing. Helium demand for space ac- 
tivity is increasing and is expected to in- 
crease more when Vandenberg's space shut- 
tle facilities are operational. 

The Federal agencies purchase their ma- 
jor helium requirements from the Bureau of 
Mines. Direct helium purchases by the U.S. 
Department of Energy, the U.S. Depart- 
ment of Defense, the National Aeronautics 


and Space Administration, and the Nation- 
al Weather Service constituted most of the 
Bureau's Grade-A helium sales. All of the 
remaining sales to Federal agencies were 
through private helium distributors, which 
purchased equivalent volumes of Bureau 
helium under contracts described in the 
Code of Federal Regulations (30 CFR 602). 
Some of the private distributors also have 
General Services Administration helium 
supply contracts. These contracts make rel- 
atively small volumes of helium readily 
available to Federal installations at reduced 
freight charges. 


Table 4.—Total sales of Grade-A helium 


in the United States 
(Million cubic feet) 
Year Volume 
T980; otc attis hee P M rS 863 
I981^..— 0. ³¾ᷣ ⁵³ĩð— In an 866 
1 opm n cR ⁵³ð2t ri aa ere E 861 
Jõͥͤ¹]⁰²àà ⁰⁰ydm y IS RARE ODE 995 
I9BA o uu ð 8 1.245 
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Table 5.—Bureau of Mines sales of Grade-A helium, by purchaser! 
(Thousand cubic feet) 


1982 1983 1984 

Federal agencies: 
Department of DefennnOsʒusassssss 93,535 105,372 117,047 
Department of Energy / „„ 29,939 32,821 34,599 
National Aeronautics and Space Administration — - - - -- - -------- 37,447 37,674 49,323 
National Weather Service. ~- --------------------------—- 1,077 874 752 
Other oU ree ð 8 2.812 2,957 4,052 
Toal Uca hus ces t LLL aS E oL ICE 164,810 179,698 205,773 
Federal agency sales supplied by private contract helium distributors? __ _ 136,359 59,059 86,434 
Commercial sale Ss 3,902 2, 976 2,253 
Grand total- -s un o ctio c A LES e 305,071 . 241,788 294,460 


1Table identifies Federal purchaser, which may redistribute the helium to another Federal helium user. 
2Purchased from the Bureau of Mines by commercial firms and redistributed to Federal installations under contract 
authority of 30 CFR 602. 


ESTIMATED TOTAL HELIUM USED 
1,245 million cu. ft. 
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Figure 3.—Estimated helium consumption in the United States in 1984, by end use 
(million cubic feet). 
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STOCKS 


The volume of helium stored for future 
use in the Bureau of Mines helium conser- 
vation storage system, which includes the 
conservation pipeline network and the Cliff- 
side Field near Amarillo, TX, totaled more 
than 38 billion cubic feet (Bcf) at yearend. 
The conservation storage system contains 
crude helium purchased by the Bureau of 


Mines under contract, Bureau helium ex- 
tracted in excess of sales, and privately 
owned helium stored under contract. Dur- 
ing 1984, 506 MMcf of private helium was 
delivered to the Bureau's helium conserva- 
tion storage system and 655 MMcf was 
withdrawn, for a net decrease of 149 MMcf 
of private helium in storage. 


Table 6.—Summary of Bureau of Mines helium conservation storage system! operations 
(Thousand cubic feet) 


Helium in conservation storage system at beginning of period: 
Stored under Bureau of Mines conservation program 
Stored for private producers under contract ~- - ------ 


Input to system: 


Net deliveries from Bureau of Mines plants 
Stored for private producers under contract |... 


]? 


Helium in conservation storage system at end of period: 


Stored under Bureau of Mines conservation program 
Stored for private producers under contraeõã¶Ʒ ~- - -- - - -- 


1982 1983 1984 

Loi ees 36,137,010 — 35,787,815 — 35,511,661 
5 4,137,724 3,475,638 2,963,507 
MOM 40,275,834 39, 263,018 38, 475,168 
eumd ACE -350,235 -215,114 -314,969 
3 113,261 282,018 506,091 
3 -236,974 6,304 191,122 

33 775,347 -794,149 -654,992 
5 -1,012,321 -187,845 -463,870 
3 35,787,375 35,511,661 35, 196,692 
eue LE ise Eq 8,475,638 2,963,507 2,814,606 
. 39,263,013 38,475,168 38,011,298 


1 rude helium is injected into or withdrawn (-) from the Government's underground helium storage facility, a partially 
depleted natural gas reservoir in Cliffside Field near Amarillo, TX. 


egative numbers denote net withdrawal from storage. 


RESOURCES 


Domestic measured and indicated helium 
resources as of January 1, 1984 (the latest 
figures available), are estimated to be 484 
Bcf. The resources included measured re- 
serves and indicated resources estimated to 
be 241 and 8 Bcf, respectively, in natural 
gas with a minimum helium content of 
0.3%. The measured reserves included 38 
Bcf stored in the Bureau's helium conserva- 
tion storage system. Measured helium re- 
sources in natural gas with a helium con- 
tent of less than 0.3% are estimated to be 58 
Bcf. Indicated helium resources in natural 
gas with a helium content of less than 0.396 
are estimated to be 177 Bcf. Approximately 
89% of the domestic helium resources un- 
der Federal ownership are in the Riley 


Ridge area and Church Buttes Field, WY, 
and the Cliffside Field, TX. 

Most of the domestic helium resources 
are located in the midcontinent and Rocky 
Mountain regions of the United States. The 
measured helium reserves are located in 
approximately 92 gasfields in 11 States. 
About 91% of these reserves are contained 
in the Hugoton Field in Kansas, Oklahoma, 
and Texas; the Keyes Field in Oklahoma; 
the Panhandle and Cliffside Fields in Texas; 
and the Riley Ridge area in Wyoming. The 
Bureau analyzed a total of 389 natural gas 
samples from 27 States during the year in 
conjunction with a program to survey and 
identify possible new sources of helium. 


HELIUM 
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TRANSPORTATION 


All Grade-A gaseous helium sold by the 
Bureau was shipped in cylinders, special 
railway tank cars, or highway tube semi- 
trailers. Liquid helium was shipped in de- 
wars and semitrailers from the Exell heli- 
um plant. Private industrial gas distribu- 


tors also shipped helium as gas or liquid. 
Much of the private helium was transported 
in liquid form by semitrailers to distribu- 
tion centers, where a portion was gasified 
and compressed into trailers and small 
cylinders for delivery to the end user. 


PRICES 


The Bureau of Mines price, f.o.b. plant, 
for Grade-A helium was increased from $35 
per Mcf to $37.50 per Mef effective October 
1, 1982, the first helium price increase in 
more than 20 years. The $37.50-per-Mcf 


price remained in effect throughout 1984. 
Private producers’ price for Grade-A helium 
was about $36 per Mcf at yearend. The price 
of liquid helium averaged $55 per Mcf 
gaseous equivalent, plus surcharges. 


FOREIGN TRADE 


Exports of Grade-A helium, all by private 
industry, increased by 6.5% in 1984 to 392 
MMcf (table 7). Over 57% of the exported 
helium was shipped to Europe. Belgium- 
Luxembourg, France, and the United King- 
dom, collectively, received more than 95% 
of the European helium imports. About 
2805 of the U.S. helium exports went to 
Asia; 5% to South America; 3% to Australia 
and New Zealand; 2% each to North Ameri- 
ca, Central America, and the Middle East; 
and less than 196 each to Africa and the 
Caribbean. The shipments of large volumes 
of helium to Western Europe were attrib- 
uted to helium's use in breathing mixtures 
for diving and for welding in the explora- 
tion for oil and gas, especially in the North 
Sea. 

U.S. import tariffs on helium decreased 


0.2% on January 1, 1984, to 4.2%. Future 
decreases are planned. Another reduction of 
0.2% is scheduled on January 1, 1985, and a 
0.1% reduction is scheduled for January 1, 
1986. A final reduction of 0.2% is scheduled 
for January 1, 1987, with the import tariff 
reaching 3.7% at that time. 


Table 7.—U.S. exports of Grade-A helium 


(Million cubic feet) 
Year Volume 
„ . es ee 298 
LS |) Oat ea i EET ath yd 389 
1982 ne eee re LE Ee 378 
1983 ou oa ̃ . 368 


IJJJ!«;ökk ⁰ E E E 392 


Source: Bureau of the Census. 


WORLD REVIEW 


World production of helium, excluding 
the United States, was estimated to be 150 
MMcf, most of which was extracted in 


Poland. The remainder was attributed to 
centrally planned economy countries. 


TECHNOLOGY 


Nuclear Magnetic Resonance (NMR) im- 
aging is gaining acceptance in the medical 
field. NMR utilizes a superconducting mag- 
net cooled by liquid helium to produce a 
magnetic field. The patient is placed in the 
magnetic field, where molecules in the body 
align themselves with magnetic field lines. 
Radio waves are then beamed through the 
patient causing a different molecular align- 
ment. When the radio waves are turned off, 
the molecules oscillate as they attempt to 


swing back to their prior magnetic align- 
ment. This oscillation generates extremely 
weak radio waves that are received and 
analyzed by computer to obtain an image of 
the inside of the body. NMR and computer- 
assisted tomography (CAT) scans are now 
utilized at U.S. clinics when a mother or 
fetus is known to be at risk. NMR offers 
several advantages over older methods 
(such as ultrasound) when little or no am- 
niotic fluid is present, or obesity makes the 
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fetus difficult to detect. Although presently 
limited to problem cases, medical personnel 
are virtually certain there are no harmful 
effects associated with NMR. 

Fermi National Accelerator Laboratory's 
Tevatron/Tevatron 1 was recognized by the 
National Society of Professional Engineers 
as l of the 10 outstanding engineering 
achievements of 1984. Tevatron/Tevatron 1 
is the world's first superconducting parti- 
cle accelerator. The Government-owned, 
contractor-operated project at Batavia, IL, 
is a major advance in high-energy physics 
research, and the total system design is a 
major engineering achievement. The use of 
superconductivity technology means that 
less electricity is required, reducing energy 
requirements, while intense and extremely 
Steady magnetic fields are sustained. This 
application of superconductivity for the Te- 
vatron demonstrates its commercial value 
and the reliability of large helium liquefiers 
and refrigerators. The liquid helium that 
cools the magnets is supplied by a 5,000- 
liter-per-hour central helium liquefier cou- 
pled to 24 satellite refrigerators. It roughly 
doubled the world's helium liquefying ca- 
pacity. 

Oak Ridge National Laboratory's Interna- 
tional Fusion Superconducting Magnet Test 
Facility has completed preliminary tests. 
These tests established that the facility is 
suitable for simultaneously testing six 45- 
ton, 6- by 10-foot, D-shaped, helium-cooled 
superconducting electromagnets under con- 
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ditions simulating a tokamak fusion reactor 
(a doughnut-shaped chamber for confine- 
ment of ionized gas in a magnetic field). The 
international program includes three mag- 
nets from the United States and one each 
from Japan, Switzerland, and Euratom (a 
consortium of European countries engaged 
in atomic research). The test program will 
allow the Department of Energy to select 
the best design for future liquid helium 
superconducting magnets, which will be 
used in the final nuclear fusion reactor 
design. 

Other technology, which is presently 
evolving and requires helium's unique prop- 
erties, are (1) superconducting magnets 
used to separate weakly magnetic materi- 
als, (2) helium-neon lasers used to detect gas 
leaks, (3) helium ions used to treat tumors, 
(4) infrared mapping of infrared emissions 
in and beyond our galaxy, (5) helium pillow 
to simulate a thermonuclear airburst, and 
(6) in "Strategic Defense Initiative" equip- 
ment, such as laser and surveillance satel- 
lites. 

Some research on helium-cooled reactors 
and the "Superconducting Super Collider" 
was conducted during the year. Either of 
these projects could have an impact on 
helium usage if successfully implemented. 


otim engineer, Helium Field Operations, Amarillo, 


Z All helium volumes herein reported at 14.7 pounds per 
square inch absolute and 70° F. 


Iodine 


By Phyllis A. Lyday! 


Reported domestic consumption of iodine 
decreased slightly during 1984. Three pro- 
ducers of crude iodine supplied less than 
one-half of domestic demand; the remainder 
was imported. The General Services Admin- 
istration (GSA) discontinued sales of excess 
iodine from the National Defense Stockpile. 

Domestic Data Coverage.—Domestic pro- 
duction data for iodine are developed by the 
Bureau of Mines from a voluntary survey of 
U.S. operations. Of the three operations to 
which a survey request was sent, two re- 
sponded, representing an estimated 88% of 
the total production. Production data are 
withheld to avoid disclosing company pro- 
prietary data. 

Legislation and Government  Pro- 
grams.—The U.S. National Defense Stock- 
pile contained 7.4 million pounds of crude 
iodine valued at $40 million in inventory at 
yearend. The stockpile goal remained at 5.8 
million pounds. During 1984, 108,800 
pounds of stockpile-grade excess iodine was 
sold for $511,360. 

As part of the defense authorization legis- 
lature for fiscal year 1985, Congress consid- 
ered several recommendations of the House 
Armed Services Committee concerning the 
disposal of surplus stockpiled commodities. 
Section 902 of Public Law 98-525 stopped 
the sales of iodine in 1984 and did not 
authorize any more disposals from stockpile 
excesses. Iodine was inadvertently omitted 
from the list of commodities proposed for 
disposal. GSA suspended the sale of surplus 
iodine in October.? 


Iodine was 1 of 44 nonfuel materials in 
the National Defense Stockpile that were 
examined to determine the need for quality 
assessment. It was determined that iodine 
was one of six materials that needed quality 
assessment for such factors as likelihood of 
deterioration or contamination, technology 
changes in specifications, deficiency in anal- 
yses, quality data, end-use tests or specifica- 
tions, inability to expeditiously use the 
materials in an emergency, and the costs 
involved to upgrade the form to meet end- 
use requirements.? 

Public Citizen Health Research Group 
petitioned the U.S. Food and Drug Adminis- 
tration (FDA) to ban 10 widely used food, 
drug, and cosmetic dyes, including Red No. 
3, or erythrosine. Red No. 3 dye has a grape- 
like color and contains 58% iodine, by 
weight. Erythrosine had been used in car- 
bonated soft drinks, powdered drinks, gela- 
tin desserts, icings, and pet foods. If the 
listing were to be revoked, Red No. 40, the 
only red dye remaining on the permanent 
list, could substitute, but it has a brick-red 
color. Red No. 3 is one of three dyes that 
account for over one-half of the total domes- 
tic annual food dye consumption. Amend- 
ments to the Food, Drug, and Cosmetic Act 
of 1960, the Delaney Clause, require that all 
permanently listed dyes be proven safe. The 
dyes have remained in the market because 
FDA has repeatedly extended their “‘provi- 
sionally listed” status. Bills introduced to 
revise the Delaney Clause of the 1960 act 
were defeated.* 


DOMESTIC PRODUCTION 


The Dow Chemical Co. continued to re- 
cover iodine from mineral-rich brines as a 
byproduct of bromine and other salts such 
as sodium, magnesium, and calcium- 
magnesium compounds. Dow’s iodine pro- 


duction decreased during 1984. In October, 
Dow announced plans to discontinue brine 
production at Midland, MI, by 1986. Dow 
stated that it planned to remain in the 
iodine business, but no alternative produc- 
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tion plans were available at yearend. 

North American Brine Resources operat- 
ed two miniplants at Dover and Hennessey 
in Kingfisher County, OK. The plants in 
operation were located at oilfield rein- 
jection disposal sites. The brines, containing 
between 135 and 900 parts per million of 
iodine, were processed before reinjection 
into the ground. North American was a 
joint venture among Beard Oil Co., 40%; 
Godoe USA Inc., a wholly owned subsidiary 
of United Resources Industry Co., 50%; and 
Inorgchem Development Inc., a wholly own- 
ed subsidiary of Mitsui & Co. (United 
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States), 10%. 

Woodward Iodine Operations decreased 
sales and reduced inventories accumulated 
during 1982. Woodward was a joint venture 
between Amoco Production Co., 49%, and 
PPG Industries Inc., 51%. In July, PPG and 
Amoco sold Woodward to Woodward Iodine 
Corp., a subsidiary of Asahi Glass Co. of 
Japan. Iodine of greater than 99.9% purity 
was recovered by a conventional process 
with proprietary refinements from brine 
associated with natural gas. Production was 
less than the 2 million pounds per year of 
capacity. 


CONSUMPTION AND USES 


Establishing an accurate end-use pattern 
was inhibited because intermediate iodine 
compounds were marketed before reaching 
their ultimate end uses. The downstream 
uses of iodine continued to be animal feed 
supplements, catalysts, pharmaceuticals, 
sanitary and industrial disinfectants, stabi- 
lizers, inks and colorants, photographic 
equipment, and other uses. Other uses in- 
cluded production of high-purity metals, 
motor fuels, iodized salt, smog inhibitors, 
and lubricants. Iodine also had application 
in cloud seeding and radiopaque diagnosis 
in medicine. 

GAF Corp. announced an expansion of 
rubber and pyrrolidone capacity at plants 
in Texas and Kentucky. Tennessee Eastman 
Co. brought on-stream a coal-to-methanol- 
to-acetic acid-to-acetic anhydride plant in 
Kingsport, TN. A methyl iodide catalyst 


was used to produce the acetic acid from 
methanol. Stauffer Chemical Co., a large 
consumer of crude iodine, was acquired by 
Chesebrough-Pond’s Inc. Iodine continued 
to be produced for use in diagnostic contrast 
media containing between 47% and 67% 
iodine. In 1984, one of the large producers of 
these contrast media discontinued produc- 
tion and began buying the products from an 
overseas source. Mallinckrodt Inc. remain- 
ed the only domestic producer of diagnostic 
contrast media. 

Glowworms and luminescent fish were 
being used as sources for tagging agents for 
protein and hormone diagnostics in place of 
radioactive iodine. Uses of the substitutes 
included assays to pinpoint certain thyroid 
problems. The compounds have advantages 
of a longer shelf life and less equipment 
needed during tests.5 


Table 1.—U.S. consumption of crude iodine, by product 


1983 1984 
Con- Con- 
sump- sump- 
Product N p edd ton iis tion 
plants poet plants OU 
pounds) pounds) 
Reported consumption: 
Resublimed iodine _________________________________ 8 442 4 161 
Potassium iod ide! l 8 1.320 8 1.281 
Sodium iod ide 4 242 6 122 
Other inorganic compounds 10 1.071 15 1.286 
Ethylenediamine dihydriodideM . 4 736 8 1.137 
Organic compoundns gs 20 1.890 22 1.540 
Total e hv Set E SE 13] 5,701 129 5,527 
Apparent consumption XX 8,139 XX 


W Withheld to avoid disclosing company proprietary data. XX Not applicable. 
1Nonadditive total because some plants produce more than one product. 
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PRICES 
Published U.S. iodine prices were be- 
tween $4.99 and $5.87 per pound. Discount- Per pound! 
ed market prices reported by industry were Calcium iodate, FCC drums, f.o.b. works $5.50 
$5.00 per pound. Custom c.i.f. values of Glows iodide, 50-kilogram drums, f. o. b. ve 
. ° . WO!“ Leld ? . 
iodine imported from Japan averaged $5.23 Iodine, crude, drums ______________ 84.99. 5.87 
per pound. Custom values for iodine import- 5 N. F., 300- pound drums, f. o. b. — 
ed from Chile averaged $4.51 per pound. Potassium iodide, USP. granular, crystals, a " 
- ; rums, 1,000-pound lots, delivered - 32- 9. 
Chilean Nitrate Sales Corp. reported that  kesublimed iodine, U.S.P., granular, 100- 
iodine imported from Chile averaged $5.03 pound drums, works LI 300. to 500. 12.16-12.94 
: SH ium iodide, U.S.P., crystals, to 500- 
per pound during 1984. GSA sold iodine pound lots, drums, freight equalized - 9.10-11.85 


during the year from stockpile excesses for 
$4.70 per pound. The quoted yearend U.S. 
prices for iodine and its primary compounds 
were as follows: 


1Conditions of final preparation, transportation, quanti- 
ties, and qualities not stated are subject to negotiations 
and/or somewhat different price quotations. 


Source: Chemical Marketing Reporter. V. 226, No. 27, 
Dec. 31, 1984, pp. 20-28. 


FOREIGN TRADE 


The United States continued to be de- 
pendent on imports primarily from Chile 


and Japan to supplement domestic produc- 


tion. 


Table 2.—U.S. imports for consumption of crude iodine, by country 
(Thousand pounds and thousand dollars) 


Country 


Iodine, potassium: 


India. Set) he So ³Ky e ee eta ks 


Iodine, resublimed: 


Canada eco ee e ite 


1983 1984 

Quantity Value Quantity Value 

psi Sa Roy gat le ge te E E (3) 3 
r 2 11 (1) (!) 
. (1) 1 3 22 
PME 10 50 24 116 
F 2 4 7 7 
. 101 554 25 135 
e 5 4 Da uM 
Mp 1 22 4 43 
M e iem 121 647 63 326 
„5 (3) 2 2 m" 
METRE 1,639 8,146 1,176 5,211 
„ 22 118 oe A 
33 4,556 25,113 3,711 19,008 
MOON UE o 179 93 
5 m E (1) (7) 
3 6,218 34,039 5,067 24,312 
S (1) (1) CUN a 
RACES 44 256 1 8 
ud a 1 10 (1) (3) 
EISE 45 266 1 9 
OPE 6,384 34,952 5,131 24,649 


lLess than 1/2 unit. 


2Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 
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WORLD REVIEW 


Chile.—Chile's natural deposits of nitrate 
and iodine are found in the Atacama Desert 
in an ore called caliche. The Chilean nitrate 
deposits were the only commercial-size ni- 
trate deposits in the world and the only 
commercial source of iodine in an ore. The 
caliche ore contains small quantities of 
iodine in the form of iodates. Sociedad 
Quimica y Minera de Chile (SOQUIMICH) 
was the only producer of nitrates and their 
byproducts in Chile. Oficina Maria Elena 
and Oficina Pedro de Valdivia were active 
in the production of iodine. Maria Elena 
started production in 1927 and has ore 
reserves that could last 60 years. Pedro de 
Valdivia started production in 1930 and has 
30 years of proven and probable reserves, 
but needed capital investment and improve- 
ment. The two oficinas had some 550 mil- 
lion short tons of tailings that could be 
reworked, possibly under a joint venture 
arrangement with a United States or Japa- 
nese firm. 

About 50% of the original iodine content 
in caliche was produced by leaching the 
sodium iodate and adding sulfur dioxide. 
The iodine was separated and heated to 113° 
C to produce high-quality iodine. Packaging 
was in polyethylene bags inside round card- 
board containers. The iodine was transport- 
ed via railroad for shipping through the 
port at Tocopilla. Chilean Nitrate Sales 
Corp. was the sole agent for Chilean iodine 
in the United States. 

In recent years, the Chilean economy had 
faced serious problems with declining gross 
national product, severe inflation, and ex- 
change deficits. However, at yearend 1984, 
capacity for iodine production had increas- 
ed 17% over the previous 4 years by the 


selective mining of high iodine sections of 
the nitrate deposits.* 

Indonesia.—lodine occurs with trace 
amounts of bromine in brines associated 
with oil. The most important iodine produc- 
ing area is the Gujangon Anticline of sand- 
stone and diatomaceous marls of the Upper 
Pliocene, Kalibeng Formation. The only 
crude iodine producer in Indonesia in 1984 
was the state-owned pharmaceutical firm, 
P.T. Kimia Farma at Watudakon near 
Mojokerto, East Java. 

Japan.—Ise Chemical Industry Co., Ltd. 
began an expansion program to develop 
iodine derivatives. Iodine accounted for 
70% of the total sales of the company. 
Iodine of 99.5% purity was produced at Ise’s 
seven plants in Chiba, Niigata, and Miyaza- 
ki Prefectures. The iodine was used in oil 
and rubber catalysts, disinfectants, pharma- 
ceuticals, food products, and other uses. 
Calabrian International Corp. was the U.S. 
sales agent. Ise continued to produce a 
prilled iodine under the brand name Iseflo. 
The prilled iodine was chemically equiva- 
lent to the flaked form, but was cooled into 
spheres rather than grinding or flaking. 

Iodine in Japan was produced from the 
dry type of gas or methane-rich gas. The 
southern Kanto Gasfield produced most of 
the natural gas associated with methane 
gas in Japan or about 6,600 short tons of 
iodine per year. The major iodine and gas 
reservoirs were found in the Kiwada, Ota- 
dai, and Umegase Formations of the Middle 
Kazusa Group of Late Pliocene to Middle 
Pleistocene Age.’ 

Okiniawa Natural Gas Development Co. 
continued exploration to locate high concen- 
trations of iodine.* 


Table 3.—Crude iodine: World production, by country! 


(Thousand pounds) 
Country? 1980 1981 1982 1983P 1984* 
Chile ooo co ee te Ee ÉL Le 5,134 5,926 5,123 6,158 5,100 
Chino ou ics ae uis dus sole eee AE 1,000 1,000 1,000 1,000 1,000 
Indonesia - -—----------------—--———- 65 56 64 57 57 
r ee Se 14,385 15,128 15,829 16,034 316,098 
„) 44 4,400 4,400 4,400 4,400 
United States W W W W 
Total eee uu 8 25,584 26,510 21,016 21,649 27,255 
“Estimated. Preliminary. W Withheld to avoid disclosing company proprietary data. 


Table includes data available through June 11, 1985. 


2In addition to the countries listed, New Zealand also produces elemental iodine, but production data are not available, 
and available information is inadequate for formulation of reliable estimates of output levels. 


3Reported figure. 
*Excludes U.S. production. 


IODINE 


Panama.—The distribution of iodine, bro- 
mine, and organic carbon was examined in 
sedimentary cores from the Panama Basin. 
The concentrations vary with depth. Iodide 
was the dominant iodine species in intersti- 
tial water. Iodine and bromine concentra- 
tions have been shown to generally decrease 


473 


with depth of burial in sediments under- 
going early diagenesis. Iodine concentra- 
tions increased in interstitial water and 
ranged from 76 to 861 parts per million.? 

Taiwan.—Natural gas and iodine were 
widely distributed in the Cholan Forma- 
tion.“ 


TECHNOLOGY 


Thin polymer films served as optical 
guides in electro-optical devices. The com- 
mon Polaroid material was based upon 
employing an oriented iodine-polyvinyl al- 
cohol complex or an oriented polyene struc- 
ture. Àn important consideration was the 
development of “optical computers" em- 
ploying electro-optical circuit elements. 
These have the advantage of speed and 
freedom from interference by electromag- 
netic radiation, thus protection from dis- 
ruptions by electromagnetic pulses." 

Researchers at the University of Utah 
have used a hypervalent iodine compound 
to synthesize nonorganometallic compounds 
by ligand-ligand complexing. These com- 
pounds have potential to act as specific 
enzyme inhibitors. The research was sup- 
ported by the National Cancer Institute.“: 

Iodine, formerly of the group VIIA in the 
American Chemical Society nomenclature, 
was being considered to be renamed to 
group 17. The nomenclature was also under 
consideration by the International Union of 
Pure & Applied Chemistry." 

Iodine was separated from well waters by 
electrolysis that oxidized the iodide ions to 
iodate. Diaphragms and anode insulation 
were not required, electrodes were not con- 
taminated, chemical agents were not need- 
ed, and there was no air pollution.'* 

Since the introduction of Monsanto’s ace- 
tic acid process in the 1960’s, 90% of all new 
acetic acid plants have used a methyl iodide 
catalyst. A new process being explored by 
Texaco Inc. produced acetic acid by an 
iodide-free method. A  ruthenium-lead- 
bromine precursor provided a stable and 
recyclable system that produced a 76% to 
. 84% conversion rate. 

Iodine is one of the elements that is 
closely watched during any release of ra- 
dioactivity from a nuclear powerplant. In a 
nuclear accident, iodine could account for 
25% of total health effects and contribute 
40% more than any other single isotope 
toward health effects. Because of iodine- 
131’s short half-life of about 8 days, it is a 
relatively short-term health concern. The 


fact that iodine would be retained in the 


reactor containment was an important 
consideration in all nuclear accident 
planning.“ 


In Georgia and neighboring States, vari- 
ous types of nuclear installations have re- 
leased radioiodine compounds. lodine-129 
was detected in Georgia and South Carolina 
at several orders of magnitude above back- 
ground levels. Organic radioiodine com- 
pounds formed in nuclear reactor systems, 
nuclear fuel processing plants, or medical 
radioisotope distribution centers are more 
difficult to contain than inorganic radioio- 
dine compounds. Organic radioiodine com- 
pounds can pollute aquifers by two primary 
means: Liquid releases enter the aquatic 
environment directly, and airborne releases 
enter through precipitation scavenging and 
drainage. Increases in nuclear installations 
intensified the need to understand the wa- 
ter chemistry of radioiodine compounds.“ 

Studies of the chemical behavior of radio- 
iodine in soil water and in surface fresh 
water involved the oxidation of iodine by 
microbial action into organic compounds. In 
surface fresh water, the organic radioiodine 
compounds are mainly in solution. In soils, 
the radioiodine becomes bound to insoluble 
organic substances. Possible consequences 
of these reactions on the migration behavior 
of radioiodine was investigated.!5 

A practical field method was developed to 
collect radioiodine from milk using inexpen- 
sive industrial-grade resin and required 
minimal training of personnel. The tech- 
nique is simple, rapid, and inexpensive and 
yields a good iodine collection efficiency.“ 

A new extraction process led to about 
97% recovery of silver from a silver zeolite 
without release of radioisotopes. The zeolite 
was used in air filtration systems at many 
nuclear facilities to filter radioactive iodine. 
The process was similar to smelting and 
used sodium hydroxide as a flux. 

A reaction of an iodine compound yielded 
a new stable type of oxonium salt. The 
compounds were highly conductive, easily 
replaced the iodide ion, and underwent 
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partial decomposition on prolonged storage 
in air and during recrystallization.?! 

Mercury iodide crystal growth was one of 
three material science investigations to be 
studied on Space Lab 3. The Space Lab 
offers unique advantages compared with 
experiments on Earth because of the ab- 
sence of gravity that results in convection 
or circulation currents that affect crystal 
growth. Some crystals produced by diffusion 
processes were so weak at their growth 
temperatures that on Earth they deform 
under the strain of their own weight. These 
gravity-induced stress deformations should 
be minimal in space.?? 


! Physical scientist, Division of Industrial Minerals. 

?Mining Journal (London). United States. V. 302, No. 
116, May il, 1984, p. 314. 

*National Academy of Sciences—National Research 
Council. Priorities for Detailed Quality Assessments of the 
National Defense Stockpile Nonfuel Materials (contract 


EMW-C-1022). Mar. 30, 1984, 66 pp. 
‘Chemical Marketing Reporter. Dye Ban Urged by 
Health Research Group; Lawsuit Is Threatened If FD 
Fails To Act. V. 226, No. 26, Dec. 24, 1984, pp. 5, 7. 
5Chemical Business. Chemical Sidebars. V. 7, No. 4, Apr. 
1985, p. 19. 
eindustrial Minerals (London). N itrogen-Fixed for a 
Fertile Market. V. 209, Feb. 1985, pp. 20-21. 
5 O. Japanese e and Geochemis- 
ry. Salts & Brines 85, ed. by W. J. Schlitt. New Vork, 


1985, pp. 149-171. 
8Work cited in footnote 7. 
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9Pederson, T. F., and N. B. Price. The Geochemistry of 
Iodine in Sediments of the Panama Basin. J. Marine Res., 
v. 38, Nov. 3, 1980, pp. 397-411. 

10Work cited in footnote 7. 

Stein, R. S. The Impact of Polymeric Substitutes on 
Critical and Strategic Applications of Imported Materials. 
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Iron Ore 


By F. L. Klinger 


U.S. production of iron ore increased 
sharply in 1984, owing to a surge in demand 
from the iron and steel industry in the first 
5 months, but fell below 1983 levels by 
yearend as demand again weakened. Al- 

though the ore industry’s situation improv- 
ed in 1984, with increased employment and 
productivity, the patterns of production, 
demand, and plant closings resembled those 
of 1983 and continued to emphasize the 
excess of production capacity compared 
with the level of domestic demand. Produc- 
tion of usable ore in 1984 was about 56% of 


productive capacity. 

In the rest of the world, iron ore produc- 
tion and trade were considerably greater 
than in 1983 as output of iron and steel 
increased not only in Western Europe and 
Japan but in developing countries in South 
America, the Middle East, and Asia. Iron 
ore prices continued to decline, while ocean 
freight rates remained low. Investments in 
new facilities also remained relatively low, 
as overcapacity continued to be a problem 
in most of the major producing countries. 


Table 1.—Salient iron ore statistics 
(Thousand long tons and thousand dollars unless otherwise specified) 


1980 1981 1982 1983 1984 
United States 
Iron ore (usable,! less than 5% manganese): 
Production 69,613 73,174 35,433 37,562 51,269 
Shipment 69,594 72. 181 35 756 44, 596 50,883 
VAIUB S ou ⅛˙—ʃ¹b mt $2,544,121 $2, 915, 239 $1,491, ,809 $1,944, 988 $2,247,686 
Average value at mines 

dollars per ton. $36.56 $40.39 $41.72 $43.61 $44.17 

lll Rom eee 689 5,546 3,178 3,7 4,99 
Value: co oe ee Se $230,568 $244,685 $150,522 $182,744 $239,257 
porai or consumption 25,058 28, 328 14,501 13,246 17,187 
Mr NM EET Mee DROP RON $772,844 $947,977 $470,847 $445,731 $529,065 
garde s tion uon ore and agglomerates) _ 98,879 104,385 63,916 10,629 72,514 
At inest n E D E 11,725 12,134 12,129 r 34,122 35,265 
At consuming plants |... 35,106 36,203 29,923 25, 494 24,017 
At U.S. docks - —————- 6 6,571 5,750 3, 174 2,942 

Manganiferous iron ore (5% to 35% 
manganese): 

Shipment 155 156 28 30 79 
World: Production JJ. I IU ™877,152 1843,152 761,491 P723,893 €789,440 


Estimated. PPreliminary. "Revised 


1Direct-shipping ore, concentrates, agglomerates, and byproduct ore. 


Excludes byproduct ore. 


Stocks are not comparable to those of previous years owing to the reclassification of some stocks from the usable 


*These 
to the byproduct category. 
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Figure 1.—U.S. iron ore production and imports for consumption. 


Domestic Data Coverage. Domestic pro- 
duction data for iron ore are developed by 
the Bureau of Mines from three separate 
voluntary surveys of U.S. operations. The 
annual Iron Ore" survey (1066-A) provides 
the basic data used in this report. Of 60 
addressees to whom the 1066-A form was 
sent, 49 responded, representing 99.9% of 
total production shown in tables 1 through 
4. Production for nonrespondents to the 
annual survey was estimated from monthly 
surveys (1066-M), using data from railroad 
reports and reported production levels in 
prior years, supplemented by employment 
data, mine inspection reports, and informa- 
tion from consumers. Consumption data 
were mostly provided by the annual “Blast 
Furnace and Steel Furnace" survey (1067- 
A). Data coverage for this survey is reported 
in the "Iron and Steel" chapter. 


Legislation and Government Pro- 
grams.—Under the Tax Equity and Fiscal 
Responsibility Act of 1982, depletion allow- 
ances for domestic and foreign operations of 
the iron ore industry were reduced by 15%, 
effective January 1, 1984. The allowance for 
domestic operations was therefore reduced 
to 12.75%, and that for foreign operations 
11.9%. 

H.R. 3678, called the Water Resources 
Conservation, Development, and Infrastruc- 
ture Improvement and Rehabilitation Act, 
was passed by the House of Representatives 
in July 1984 but expired at yearend owing 
to lack of Senate approval. The bill would 
have continued the Federal Government’s 
responsibility for the full costs of operating 
and maintaining general cargo ports, thus 
preventing imposition of “user charges" on 
U.S. shippers of iron ore. ! 


I ` 


EMPLOYMENT 


Statistics on employment and productivi- 
ty in the U.S. iron ore industry in 1984, 
shown in table 2, were derived from quar- 
terly employment data supplied by the 
Mine Safety and Health Administration 
(MSHA) of the U.S. Department of Labor 
and from production data derived from 


Bureau of Mines surveys. Both sets of data 
were obtained from producers' reports. 

The statistics include production workers 
employed at mines, concentrators, and pel- 
letizing plants, and in repair and mainte- 
nance shops, but do not include approxi- 
mately 970 persons engaged in manage- 
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ment, research, or office work at mines and 
plants. Employees engaged in ore prepara- 
tion, such as sintering, at blast furnace sites 
are not included. Because employment data 
reported to MSHA are primarily for safety 
analysis, hours spent by salaried employees 
in mines or plants may be included by 
operators in the total number of hours 
worked at individual mines or plants. This 
has resulted in understatement of calculat- 
ed productivity by 10% to 25% for some 
operations, but its effect on others is not 
known. If company reporting practice is 
consistent, however, comparison of produc- 
tivity from one year to the next should be 
reasonably valid. 

Average quarterly employment and total 


411 


hours worked in 1984 increased 995 and 
17%, respectively, compared with those of 
1983, while output of crude and usable ore 
increased about 36%. In the Lake Superior 
district, which accounts for the bulk of U.S. 
output, average productivity for crude and 
usable ore was 13% higher than in 1983 and 
43% to 48% higher than in 1982. These 
significant gains appear to be due to the 
drastic reductions in employment by the 
principal producers since 1981, which have 
allowed the potential productivity of highly 
mechanized operations to be increasingly 
realized. The concentration of production in 
large-scale taconite operations of the Lake 
Superior district was an important contrib- 
uting factor. 


DOMESTIC PRODUCTION 


Increasing demand from the iron and 
steel industry during the first 5 months of 
the year was largely responsible for a 36% 
increase in iron ore production in 1984, 
compared with that of 1983. Increased de- 
mand from Canada was also a contributing 
factor. By the end of May, output of usable 
ore was 6596 higher than in the comparable 
period of 1983, shipments were up 42%, 
production of pig iron had increased 2596, 
and exports of pellets to Canada were up 
28%. In June, however, domestic demand 
fell sharply, and during the last 4 months of 
the year monthly production of pig iron was 
below 1983 levels. Several mines and pellet- 
izing plants were closed for periods of 2 to 7 
weeks during the last half of the year, and 
by December 2, five of the eight taconite 
operations in Minnesota had been closed for 
an indefinite period. The patterns of pro- 
duction, demand, and plant closings in 1984 
were similar to those experienced in 1983 
and reflected a continuing weakness in 
demand for domestic iron and steel. Total 
output of usable ore in 1984 was equivalent 
to about 56% of installed production capaci- 
ty on January 1. 

Iron ore was produced by 19 open pit 
mines and 1 underground mine. Fourteen 
mines produced ore for the iron and steel 
industry, but only four mines were operated 
throughout the year and only one mine 
produced at its rated capacity. One taconite 
mine and associated pelletizing plant re- 
mained idle, and two of the larger “natural 
ore" mines were permanently closed; nei- 
ther had been operated for several years. 
Installed production capacity for usable ore 
at yearend was estimated at 88 million long 


tons? per year, including 82 million tons of 
capacity for pellets. Effective production 
capacity for pellets was at least 12 million 
tons less than installed capacity. 

An average of 3.1 tons of crude ore was 
mined for each ton of usable ore produced. 
This ratio does not take into account the 
tonnage of waste rock or overburden remov- 
ed. The ratio of total materials mined to 
usable ore produced was probably greater 
than five. Low-grade ores of the taconite 
type mined in Minnesota and Michigan 
accounted for 97.8% of total crude ore 
production. U.S. production of pellets to- 
taled 50 million tons, 98% of usable ore 
output. Average iron content of usable ore 
produced was approximately 64.6%, while 
that of usable ore shipped was 63.8%. 

Ownership of several major producers in 
Minnesota and Michigan was affected by 
the merger of Republic Steel Corp. with 
LTV Corp. The merger combined the hold- 
ings of Jones & Laughlin Steel Corp., a 
subsidiary of LTV, with those of Republic 
Steel under a new company, LTV Steel Co. 
Ownership shares of LTV Steel in U.S. iron 
ore producers are now as follows: Reserve 
Mining Co., 50%; Erie Mining Co., 35%; 
Hibbing Taconite Co., 16%; McKinley Ex- 
tension Mine, 100%; Empire Iron Mining 
Partnership, 35%; and Tilden Mining Co., 
12%. The merger also affected ownership of 
two major Canadian iron mining oper- 
ations. Other corporate actions directly or 
indirectly affecting ownership of iron ore 
producers in these States included the fol- 
lowing acquisitions: 50% of National Steel 
Corp. by Nippon Kokan K.K. of Japan; 10% 
of Wheeling-Pittsburgh Steel Corp. by 
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Nisshin Steel Co. Ltd. of Japan; and 10% of 
the Empire Iron Mining Partnership by 
McLouth Steel Products Corp. 

Minnesota produced 72% of the national 
output of usable ore. Production of pellets 
totaled 35.8 million tons, equivalent to 
about 57% of installed production capacity 
of the State's eight taconite plants. The 
remainder of 1984 output consisted of hem- 
atite concentrates produced from natural 
ores by LTV Steel and Rhude & Fryberger 
Inc. All of the taconite plants were operated 
in 1984, but most were idle for part of the 
year. National Steel Pellet Co. was operated 
throughout the year and produced 4.5 mil- 
lion tons of pellets, about 12% more than 
capacity reported in 1983. Butler Taconite 
was operated from March 5 to November 10 
and produced 2 million tons of pellets, about 
75% of annual capacity. Reserve Mining 
resumed production of pellets on January 3, 
after being idle since the previous April, 
and produced about 3.6 million tons, less 
than 40% of capacity. Erie Mining also 
resumed production of pellets on January 3, 
after a 3-month shutdown, and produced 4.8 
million tons before being shut down again 
on December 2. Hibbing Taconite was op- 
erated from mid-February to November 10 
and produced 6.2 million tons of pellets. The 
Minntac facility of United States Steel 
Corp. was operated from January 1 to 
August 5 and from September 23 to Novem- 
ber 18, producing about 8.7 million tons of 
pellets or 47% of installed capacity. Eveleth 
Mines produced about 3.9 million tons of 
pellets, 6596 of capacity, and was operated 
all year except for 2 weeks in October. The 
Minorca Mine of Inland Steel Mining Co. 
was operated from mid-February to July 22 
and from August 11 to November 10 and 
produced nearly 2.1 million tons of pellets. 
The shutdowns of five taconite plants be- 
tween November 10 and December 2 result- 
ed in a temporary layoff of more than 4,000 
employees through yearend. 

Minnesota tax legislation enacted in 
April 1984 provided for the return by the 
State of $17.9 million in taconite production 
taxes to producers of pellets. The repay- 
ment is to be made over a period of 5 years. 
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The legislation also provided for elimina- 
tion of the tax on iron content of pellets, 
froze the current production tax on pellets 
for 2 years, and required the State to base 
production taxes on the annual average of 3 
years production. Previously, the State 
could base the production tax on the latest 
year's production or on the average of 3 
years, whichever was higher. Enactment of 
the legislation was contingent upon signing 
of an agreement by the State's taconite 
producers to suspend for 3 years all lawsuits 
challenging production taxes levied by the 
State. 

Michigan produced 25% of U.S. output of 
usable ore in 1984. Production consisted 
entirely of pellets produced by the Cleve- 
land-Cliffs Iron Co. (CCD from ores mined at 
the Empire and Tilden Mines. The compa- 
ny's Republic Mine remained idle in 1984. 
Production of pellets totaled 12.9 million 
tons, of which 7.2 million tons was produced 
at the Empire plant and 5.7 million tons at 
Tilden. The Empire facility was operated all 
year and produced at 9096 capacity. Aver- 
age operating rate at Tilden was 72%, as 
only one of the pelletizing lines was oper- 
ated for most of the year and operations 
were shut down from July 21 to August 13. 
CCI's ownership share in the Empire Iron 
Mining Partnership was reduced to 5% in 
1984, owing to acquisition of 10% of the 
venture by McLouth Steel. 

In Missouri, Pea Ridge Iron Ore Co. 
produced about 1.3 million tons of iron ore 
products, including 1.25 million tons of self- 
fluxing “olivine” pellets, from magnetite 
ore produced at its underground mine near 
Sullivan. The mine and plant were operated 
throughout 1984. 

In Wyoming and Utah, U.S. Steel sold its 
mine and equipment at Atlantic City, WY, 
to Universal Equipment Co. of Fremont, 
OH, and auctioned off equipment at its 
Desert Mound Mine near Cedar City, UT. 
CF&I Steel Corp. also auctioned off plant 
and equipment of the Sunrise Mine near 
Guernsey, WY. The U.S. Steel mines were 
officially closed in April, while permanent 
closure of the Sunrise Mine was probably 
effective by January 1. 


CONSUMPTION AND USES 


Consumption of iron ore was about 696 
greater than in 1983, owing to increased 
demand from the iron and steel industry. 
Consumption for ironmaking and steelmak- 
ing totaled about 65.5 million tons, in- 


cluding 54.3 million tons in blast furnaces, 
10.8 million tons in sintering plants, 0.2 
million tons in steelmaking furnaces, and 
0.2 million tons for production of direct- 
reduced iron (DRI). Consumption of iron ore 
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for manufacture of cement, heavy-medium 
materials, pigments, and miscellaneous 
products was approximately 1.2 million 
tons. 

In the iron and steel industry, monthly 
consumption of ore averaged 5.5 million 
tons, compared with 5.2 million tons in 
1983. The increase in consumption occurred 
mainly in the first 5 months, as the number 
of operating blast furnaces increased by 10 
to meet rising demand for pig iron. Monthly 
consumption averaged 6.1 million tons dur- 
ing this period and reached 6.5 million tons 
in May. In June, however, demand fell 
sharply, and by October, monthly consump- 
tion had fallen to 4.6 million tons and 
remained low for the rest of the year. 
During the last 7 months of 1984, 14 blast 
furnaces were taken out of production, and 
monthly consumption of ore averaged 5.1 
million tons. 

Consumption of iron ore and agglomer- 
ates reported by integrated producers of 
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iron and steel totaled 71.3 million tons, 
including 52.4 million tons of pellets, 16.7 
million tons of sinter, and 2.2 million tons of 
natural coarse ore. Of the primary ore 
consumed, an estimated 69% was of domes- 
tic origin, 18% came from Canada, and 13% 
came from other countries. 

Consumption of other materials in sin- 
tering plants included 2.4 million tons of 
mill scale, 0.8 million tons of flue dust, 3.8 
million tons of limestone and dolomite, 1.9 
million tons of slag and slag scrap, and 0.8 
million tons of coke breeze. Other iron- 
bearing materials charged directly to blast 
furnaces included about 75,000 tons of man- 
ganiferous iron ore, 1.3 million tons of steel- 
furnace slag, 0.3 million tons of mill scale, 
and 0.9 million tons of slag scrap. Consump- 
tion of bentonite and coal in iron ore pellet- 
izing plants was estimated at 378,000 tons 
and 190,000 tons, respectively. Approxi- 
mately 55,000 tons of olivine was consumed 
in the production of pellets. 


STOCKS 


Stocks of iron ore and agglomerates re- 
ported at U.S. mines, docks, and consuming 
plants at yearend continued to decline in 
1984, although the net reduction was slight 
compared with that in 1983. Mine stocks 
increased, as the quantity of ore shipped 
from most Minnesota mines was less than 
production, but the overall decline was due 
to reduction of stocks of imported ore at 
U.S. docks and furnace yards. Stocks re- 
ported at the latter facilities at yearend 
included 19.4 million tons of domestic ores, 
4.1 million tons of Canadian ores, and 3.4 
million tons of other foreign ores. 

End-of-month stocks reported at mines 
peaked at 13.7 million tons in April and 
declined to 5.2 million tons at yearend, 
while stocks of ore reported at consuming 


plants ranged from a low of 12.2 million 
tons in March to a high of 25.5 million tons 
in November. As in previous years, these 
variations were principally caused by the 
seasonal nature of ore shipping on the 
Great Lakes. 

Stocks of unagglomerated concentrates 
reported at pelletizing plants totaled 
477,000 tons at yearend. This material is not 
included in mine stocks of usable ore re- 
ported in the accompanying tables because 
it is considered an intermediate product. 
Also, mine stock data for 1983 and 1984 do 
not include byproduct ore, owing to the 
change in classification reported in this 
publication in 1983; data for previous years 
remain unchanged to avoid disclosing com- 
pany proprietary information. 


TRANSPORTATION 


Vessel shipments of iron ore from U.S. 
ports on the upper Great Lakes totaled 45.8 
million tons, about 12% greater than in 
1983. Nearly 90% was destined for U.S. 
consumers, and the rest was destined for 
Canada. Shipments of iron ore through the 
St. Lawrence Seaway to U. S. ports on the 
Great Lakes totaled approximately 6.9 mil- 
lion tons and accounted for about 40% of 
U.S. imports. The balance of imports, about 


10.3 million tons, was shipped through ports 
on the east and gulf coasts. 

Ore shipments from five of the seven U.S. 
ports on the upper Great Lakes increased 
from the levels of 1983, with the largest 
increase at Superior, WI. Shipments from 
Two Harbors and Taconite Harbor declined. 
Tonnage shipped from each port in 1984 
follows: 
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Total 
Date of Date of tonnage 

Port first last (thou- 

shipment shipment long 

tons) 
Duluth, MW Apr. 4 Dec. 13 1,164 
Two Harbors ,MN-- ar. Nov. 12 6,805 
Silver Bay, MN Apr. 12 Dec. 3,628 
rca Harbor, Apr. 10 Dec. 12 3,399 
Saber W Apr. 4 Dec. 22 11.150 
uette, MI 72 Dec. 27 4,451 
AS f Mar. 8 Dec. 24 8,619 
T77öÜ;1w ⁵⅛Vw.Ü ꝶn ð LT 45,822 


Source: Lake Carriers Association, 1984 Annual Report. 


The number of vessel shipments from all 
seven ports totaled 1,399, indicating an 
average cargo of 32,753 tons. Individual 
cargoes of 60,000 tons or more were loaded 
at six of the ports during the year, although 
the average shipment from individual ports 
ranged from 22,512 tons at Marquette to 
58,519 tons at Silver Bay. The largest cargo 
shipped during the year was 67,026 tons, 
loaded on the 1,013-foot carrier William J. 
DeLancey at Escanaba. 

In April, lake freight rates for iron ore 
were increased for the first time in 3 years. 
The new rates, about 4% higher than those 
in effect since April 1981, were as follows, 
per ton: from the Head of the Lakes to lower 
lake ports, $7.41; from Marquette, MI, to 
lower lake ports, $6.11; from Escanaba, MI, 
to Lake Erie ports, $5.64; and from Escana- 
ba to lower Lake Michigan ports, $4.45. 

Published bulk vessel freight rates from 
the Gulf of St. Lawrence to Lake Erie and 
Lake Michigan were $5.00 and $7.00 per 
ton, respectively. Freight rates for self- 
unloading vessels were $1.50 per ton higher. 
These rates may include toll charges on the 
St. Lawrence Seaway, which amount to 
about $1.24 per ton. 

Unusual delays in ore shipping during 
1984 were caused by an ice jam in the St. 
Clair River in April, and by malfunction of 
a bridge over the St. Lawrence Seaway at 
Valleyfield, Quebec, Canada, in November. 
The ice jam, which lasted for 2 weeks and 
was finally cleared by May 1, caused a 
backup of more than 80 vessels waiting to 
transit the 39-mile channel between Lake 
Huron and Lake St. Clair. The bridge fail- 
ure halted Seaway traffic between Montreal 
and Lake Ontario for 18 days and caused a 
backup of more than 100 vessels. In addi- 
tion, a 41-hour malfunction of a bridge at 
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Sault Ste. Marie caused a backup of 12 U.S.- 
flag vessels waiting to transit the Soo locks. 
The principal issues concerning U.S. lake 
shipping in 1984 were proposed construc- 
tion of a second Poe-class lock at Sault Ste. 
Marie, and proposed taxes (user charges) on 
shippers to recover the cost of operation and 
maintenance of shipping facilities and most 
of the cost of new construction, which his- 
torically have been paid for by the Federal 
Government. Owing to construction of larg- 
er vessels in the last 18 years and retire- 
ment of smaller vessels, about one-third of 
the vessels in the U.S. lake fleet, compris- 
ing more than one-half of the fleet's carry- 
ing capacity, must use the Poe lock to tran- 
sit the the St. Mary's River Canal. A mal- 
function of this lock could seriously disrupt 
lake shipping and increase costs. Estimated 
cost of constructing a second lock was about 
$226 million. The U.S. Army Corps of Engi- 
neers, which has studied the problem for 
many years, now estimates that the benefits 
would outweigh the costs of construction. 
Although the Lake Carriers Association 
advocates construction of a second lock, it is 
opposed to the imposition of user fees be- 
cause this could cost shippers at least $100 
million per year for operation and mainte- 
nance; charges for new construction could 
greatly increase this figure, and the Associ- 
ation believes that taxes of this magnitude 
would be an unfair burden on the lake 
shipping industry. Proponents of the user 
charges feel that costs of shipping facilities 
should be largely borrie by the shippers 
instead of by the Federal Government. 
Published railway freight rates for pellets 
from mines to upper lake shipping ports 
continued to increase in Michigan in 1984 
but were essentially unchanged in Minneso- 
ta, compared with rates in late 1983. For 
pellets from the Marquette Range, the rate 
to Presque Isle rose about 9%, to $2.46 per 
ton, while the rate to Escanaba rose about 
4% to $2.68 per ton. In Minnesota, the rate 
for pellets from the western Mesabi Range 
to the Allouez docks at Superior, WI, was 
$4.87 per ton, up 2 cents per ton from that of 
1983. Dock charges at Duluth, Superior, and 
Escanaba increased about 4%. At Lake Erie 
ports, ore transfer charges from rail-of- 
vessel or dock receiving area direct into 
railway cars ranged from about 92 cents to 
$1.14 per ton, unchanged from 1983. Most 
rail rates from lower lake ports to consum- 
ing districts were also unchanged; the 
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volume rate from Lake Erie ports to the 
Pittsburgh and Wheeling districts increased 
about 296 to $10.16 per ton. Single-car rates 
for ore imported through east coast ports to 
inland consuming points were mostly un- 
changed, but the rate to Pittsburgh from 
Baltimore and Philadelphia increased about 
15% to $14.93 per ton. All-rail rates from 
mines to consuming points were mostly 
unchanged, but the volume rate to Granite 
City, IL, from the Mesabi Range rose sharp- 
ly to $18.82 per ton, while the rate from Pea 
Ridge, MO, remained at $6.41. The publish- 
ed volume rate to Geneva, UT, from the 
Mesabi Range was $41.03 per ton. All-rail 
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shipments of pellets from Minnesota by the 
Duluth, Missabe, and Iron Range Railway 
and connecting lines totaled 1.8 million tons 
in 1984; the greater part of this tonnage was 
shipped to Geneva, UT, from the Minntac 
plant. | 

Published nominal ocean freight rates for 
iron ore from eastern Canada to U.S. east 
coast ports were $3.50 to $3.75 per ton, but 
spot rates quoted for cargoes of 50,000 to 
60,000 tons ranged from $1.80 to $4.00 per 
ton. A few shipments reported from Brazil 
to east coast ports indicated freight rates of 
$6 to $7 per ton. 


PRICES 


Producers' published prices for Lake Su- 
perior iron ores in 1984 were unchanged 
from those quoted in August 1983. The price 
of pellets thus ranged from 80.5 to 86.9 cents 
per long ton unit (ltu) of iron, natural, 
delivered rail-of-vessel at lower lake ports, 
with the lower price quoted by Pickands 
Mather & Co. and the higher price quoted 
by CCI, The Hanna Mining Co., Oglebay 
Norton Co., and U.S. Steel. The range in 
unit price was equivalent to approximately 
$50.71 to $54.75 per ton of pellets containing 
63% iron. 

Late in 1984, Mineral Services Inc. of 
Cleveland, OH, began offering pellets at a 
published price of 66 cents per ltu, on the 
same basis as the producers' prices. Al- 
though the source of pellets was not identi- 
fied, the company said that at least 2 
million tons per year would be available. 
This was the first time that a published 
price for pellets was quoted by a nonpro- 
ducer at a level below those quoted by 
producers in the Lake Superior district. The 
Mineral Services price was equivalent to 
about $41.58 per ton of pellets containing 
63% iron. | 

Published prices for other Lake Superior 
ores, per ton, basis 51.5% iron, natural, 
delivered rail-of-vessel at lower lake ports, 
remained as follows: Mesabi non-Bessemer 
ore, $30.03 for coarse ore and $31.53 for 
fines; and manganiferous ore, $32.78. CCI 
continued to quote a price of $28.75 for Old 
Range non-Bessemer ore, based on rail and 
lake freight rates and handling charges in 
effect on April 27, 1981. These prices were 
not very significant because most Mesabi 
non-Bessemer ore was produced and con- 
sumed by LTV Steel, and little or none of 
the other grades of ore was produced. Pel- 
lets made up more than 98% of ore shipped 


from the Lake Superior district. 

The average f.o.b. mine value of usable 
ore shipped from domestic mines in 1984 
was $44.17 per ton, about 1% higher than in 
1983 as the share of pellets in total produc- 
tion continued to increase. The average 
f.o.b. value of pellets was about $45 per ton, 
while that for concentrates was about $21 
per ton. These average values were based on 
producers' statements and should approxi- 
mate the average commercial selling price 
less the cost of mine-to-market transporta- 
tion. 7 

Prices for most Canadian and other for- 
eign ores marketed in the United States 
were not available. The published price of 
Wabush pellets, f.o.b. Pointe Noire, Quebec, 
Canada, remained at 63.5 cents per ltu. The 
average f.o.b. value of all Canadian ores 
imported by the United States, as determin- 
ed from data compiled by the Bureau of the 
Census, was $37.05 per ton. Data from this 
source indicated average f.o.b. values of 
$14.48 per ton for Liberian ores and $22.04 
per ton for Brazilian ores. Other sources 
indicated that most imported Canadian ore 
consisted of pellets; Liberian ores consisted 
of fines and washed lumpy ore; and about 
two-thirds of the ore imported from Brazil 
consisted of pellets. F.o.b. value data for 
Venezuelan ores were not determinable, 
because much of the ore was apparently 
valued on a c. i. f. basis. 

Published f.o.b. prices for DRI were also 
unchanged from those quoted in 1983 and 
were as follows, per metric ton: at George- 
town, SC, $125 to $135; at Contrecoeur, 
Quebec, $115; and at Point Lisas, Trinidad, 
$120. The apparent f.o.b. value of some 
shipments of DRI imported from Venezuela 
ranged from about $68 to $90 per ton. 
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FOREIGN TRADE 


U.S. exports of iron ore increased 3296, 
compared with exports in 1983, largely 
because of increased demand from the 
Canadian steel industry. Virtually all ex- 
ports consisted of pellets, shipped via the 
Great Lakes to Canadian steel companies 
that are partners in U.S. taconite projects 
in Minnesota and Michigan. Exports to 
Canada also included about 200,000 tons of 
fluxed pellets shipped from Minnesota to 
Hamilton, Ontario, Canada, for blast fur- 
nace tests by Dofasco Inc. 

U.S. imports for consumption of iron ore 
increased 30%, after declining for 2 years. 
Tonnage increased by 3.9 million tons com- 
pared with that of 1983. Imports of ore into 
the Philadelphia, Baltimore, and Mobile 
customs districts accounted for nearly 90% 
of the increase. Imports from Canada rose 
27% from the 1983 level and imports from 
Brazil nearly doubled. Brazil increased its 
share of U.S. imports to nearly 15%, from 
about 10% in 1983. 

On December 20, Pickands Mather, Ogle- 


bay Norton, CCI, and the United Steelwork- 
ers of America petitioned the U. S. Interna- 
tional Trade Commission (ITC) for counter- 
vailing duties on imports of iron ore pellets 
from Brazil. The petitioners said that subsi- 
dies granted by the Brazilian Government 
allow Brazilian pellets to be delivered to 
U.S. consumers for at least 30% less than 
pellets produced in the United States, caus- 
ing injury to the U.S. iron ore industry and 
particularly to U.S. merchant producers. 
Companhia Vale do Rio Doce (CVRD), rep- 
resenting Brazil, said the lower price of 
Brazilian pellets was due to the higher 
grade of ore mined in Brazil, which resulted 
in production costs about $20 less per ton 
than in the United States. CVRD also said 
that about 75% of its pellet shipments to 
the United States in 1984 were made under 
long-term contracts negotiated with U.S. 
steel companies in the mid-1970's. A hear- 
ing of the case was scheduled by the ITC for 
January 10, 1985. 


WORLD REVIEW 


World production, trade, and consump- 
tion of iron ore increased sharply in 1984, 
compared with the levels of 1983, as output 
of iron and steel increased in most indus- 
trialized countries and in many developing 
countries as well. Production increased 9%, 
trade increased 15%, and consumption as 
measured by output of pig iron increased 
about 6%. 

World trade was estimated at 355 million 
tons, of which about 8696 was oceanborne. 
Brazil was the leading exporter, followed by 
Australia, with each country shipping more 
than 84 million tons to world markets. 
Japan remained the principal importer, 
receiving 123 million tons in 1984, while 
countries of the European Community (EC) 
imported about 109 million tons. 

World production of pellets was estimated 
at 186 million tons, about 70% of installed 
capacity. Some plants remained idle be- 
cause of high fuel costs, and many others 
were operated below rated capacity owing 
to relatively weak demand from their prin- 
cipal markets. New plants were completed 
in Bahrain, Mexico, and the U.S. S. R., and 
others were nearing completion in India 
and the Republic of South Africa. 

World output of DRI was estimated at 


slightly more than 9 million tons, about 
45% of installed capacity, as lower prices 
for ferrous scrap continued to limit produc- 
tion. About 60% of the total output was 
produced in Mexico, Venezuela, and other 
countries in Latin America. New plants 
were completed in Malaysia and the Repub- 
lic of South Africa, and others were under 
construction in at least six countries. 

Iron ore prices under Japanese and West 
European contracts were reduced for the 
second consecutive year. The prices were 
5% to 13% lower than those for 1983. 
Because of increasing valuation of the U.S. 
dollar relative to most other currencies, the 
cost of ore to consumers was not commensu- 
rate with the decline of iron ore prices, and 
for some European consumers the cost of 
ore was higher than it was in 1983. Iron ore 
prices continued to be quoted in U.S. cur- 
rency. Prices in 1984, f.o.b. per dry ltu of 
contained iron, ranged from about 30 to 38 
cents for pellets, 23 to 30 cents for lump ore, 
20 to 28 cents for sinter fines, and 20 to 21 
cents for pellet fines. The f.o.b. price for 
New Zealand beach sand magnetite concen- 
trates was 16.7 cents per ltu. 

Ocean freight rates for iron ore, as indi- 
cated by published rates for spot chart- 
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erings, increased in 1984, but most declined 
by yearend. Rates to Western Europe from 
Australia were consistently about $2 per 
ton higher than in 1983, while rates from 
Brazil, Canada, Liberia, and Norway 
(Narvik) increased 10% to 30% during the 
first 6 months of 1984 but declined to 1983 
levels by yearend. The number of spot 
charterings reported was unusually high 
and represented about 32 million tons of 
oceanborne shipments; about 50% of this 
tonnage was shipped in cargoes of 100,000 to 
150,000 tons. For cargoes of this size, freight 
rates on various routes ranged as follows, 
per ton: to Western Europe, $5 to $6 from 
Brazil, $2.60 to $3.25 from West Africa, 
$2.15 to $2.80 from Norway, $3.50 to $4.50 
from eastern Canada, and $7 to $10 from 
Australia; and to Japan, $4.30 to $5.25 from 
Western Australia and $8 to $10 from Bra- 
zil. Rates for cargoes of 220,000 to 250,000 
tons from Brazil were about $4.75 to West- 
ern Europe and $8.50 to $9.00 to Japan. 

Under the auspices of the United Nations 
Committee for Trade and Development 
(UNCTAD), the Third Preparatory Meeting 
on Iron Ore was held at Geneva in April 
1984. It was decided at the meeting that the 
UNCTAD secretariat would prepare reports 
on the adequacy of statistical reporting for 
iron ore, and on possible areas of coopera- 
tion between exporting and importing coun- 
tries. A fourth meeting was tentatively 
scheduled for late 1985. 

Australia.—Shipments of iron ore by Aus- 
tralian producers in 1984 totaled about 95 
million tons, including 87 million tons for 
export and 8 million tons for domestic 
consumption. Actual exports totaled about 
84 million tons, of which about 85% was 
destined for Japan and other Asian coun- 
tries and 15% was destined for Europe. 
Exports consisted of about 59% sinter fines, 
38% lump ore, and 3% pellets. 

Shipments by individual producers fol- 
low, in million tons: Hamersley Iron Pty. 
Ltd., 37.8; Mt. Newman Mining Co. Pty. 
Ltd., 30.4; Cliffs Robe River Iron Associates, 
15.9; Broken Hill Pty. Ltd. (BHP), 5.3; 
Goldsworthy Mining Ltd., 4.6; and Savage 
River Mines, 1.9. About 5 million tons of 
Hamersley shipments came from stocks. 

The Mt. Newman company began deep- 
ening its ship channels at Port Hedland in 
1984, to allow loading vessels of 225,000 
deadweight tons. The Cliffs Robe River 
company completed a similar project at 
Port Walcott. Goldsworthy Mining’s ore 
contracts with Japanese buyers were ex- 
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tended for 2 years, to 1987. Savage River’s 
mine and pelletizing plant were shut down 
for 6 weeks by a strike that began in July. 
In corporate actions, CRA Ltd. became sole 
owner of the Hamersley company in 1984, 
and BHP acquired Utah International Inc. 
from General Electric Co. Utah’s holdings 
included one-third of Goldsworthy Mining. 

Several Australian companies were in- 
terested in developing a new iron ore mine 
as a joint venture with the Chinese Govern- 
ment. Hamersley announced that it had 
reached agreement with the Chinese to 
study the feasibility of producing 5 to 10 
million tons of iron ore per year from the 
Channar deposit, about 12 miles east of 
Paraburdoo. 

Bahrain.—The iron ore pelletizing plant 
of Arab Iron & Steel Co. was completed, and 
production began in November. Pellet feed 
was imported from Brazil, India, and Peru. 
The plant has a production capacity of 4 
million tons of pellets per year and uses a 
grate-kiln pelletizing system fueled by natu- 
ral gas. The port can accommodate vessels 
of 100,000 deadweight tons. Cost of the 
project was reported to be $310 million. The 
first shipment was 20,000 tons of pellets, 
barged to the direct-reduction plant of Sau- 
di Iron & Steel Co. at Jubail. 

Brazil.—Shipments of iron ore for export 
and domestic consumption rose to record 
levels. Exports totaled about 87 million 
tons, 25% more than in 1983, while net 
shipments for domestic consumption in- 
creased more than 30% to 22 million tons. 
Exports included about 42 million tons to 
Europe and 28 million tons to Japan. Total 
shipments of pellets were estimated at 
about 20 million tons. 

CVRD produced 54.3 million tons of iron 
ore products and exported 48.2 million tons. 
CVRD also exported 19.3 million tons for 
other companies, including about 9 million 
tons of pellets for its joint ventures at 
Tubaráo with Japanese, Italian, and Span- 
ish companies, 7.7 million tons of ore prod- 
ucts for Ferteco Mineração S. A., and 2.6 
million tons for S.A. Mineração da Trindade 
(SAMITRD. Most of CVRD's production 
came from the Caue and Conceicáo Mines 
near Itabira. Minas da Serra Geral S.A., 
owned 51% by CVRD, sold about 7.5 million 
tons of ore from the Capanema Mine for 
beneficiation at the Timbopeba plant. 
CVRD's Carajás project in northern Brazil 
was about 70% completed by yearend, but 
the mine and railroad were closer to com- 
pletion and limited production was schedul- 
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ed to begin in 1985. 


Mineracóes Brasileiras Reunidas S.A. 


(MBR) shipped 14.4 million tons of ore in 
1984, including 12 million tons for export. 
Most of the ore was produced at the Aguas 
Claras Mine. Bethlehem Steel Corp. acquir- 
ed an indirect interest of about 5% in MBR 
through an exchange with the CAEMI 
Group, in which Bethlehem relinquished its 
49% interest in the Serra do Navio manga- 
nese property in Amapa. 

Ore shipments by other producers, in 
million tons, follow: Ferteco (sales), 10.1; 
SAMITRI, 7.7; Samarco Mineracáo S.A., 6.7; 
and Cia. Siderürgica Nacional, 4.0 (esti- 
mated). 

Canada.—Shipments of iron ore products 
increased to 40 million tons in 1984, 23% 
more than in 1983, as demand increased in 
domestic and export markets. Exports to- 
taled about 30 million tons, of which 44% 
was destined for EC countries and 39% was 
destined for the United States. Domestic 
consumption was estimated at 14.7 million 
tons. 

Shipments of ore by individual producers, 
in million tons, follow: Iron Ore Co. of 
Canada, 15.3 including 8.2 of pellets, 5.7 of 
concentrates, and 1.4 of direct-shipping ore; 
Quebec Cartier Mining Co., 9.3 of concen- 
trates; Pickands Mather, 7.2 of pellets in- 
cluding 6.2 from Wabush Mines; Sidbec- 
Normines Inc., 4.3 of pellets including about 
0.7 of low-silica pellets; Cliffs of Canada Ltd. 
(for Dofasco), 2.1 of pellets from the Adams 
and Sherman Mines; and Inco Ltd., 0.2 of 
pellets from stockpile. Algoma Steel Corp. 
Ltd. shipped 1.3 million tons of superfluxed 
sinter from Wawa to its steelworks at Sault 
Ste. Marie. Feed to the sinter plant included 
1.7 million tons of siderite ore produced at 
the MacLeod underground mine. 

Following several years of financial 
losses, Sidbec-Normines permanently closed 
the Fire Lake Mine and terminated produc- 
tion of concentrates at Gagnon, effective 
December 31, 1984. The company’s pellet 
plants at Port Cartier were leased to Quebec 
Cartier, which will use the plants to pel- 
letize concentrates produced at Mount 
Wright. Sidbec-Normines was owned 8.23% 
by Quebec Cartier, 41.67% by British Steel 
Corp., and 50.1% by Sidbec-Dosco Inc. The 
latter company produced 500,000 tons of 
DRI at Contrecoeur in 1984. 

Stelco Inc. announced that the Griffith 
Mine and pelletizing plant at Red Lake, 
Ontario, would be closed permanently in 
April 1986. The mine is operated for Stelco 
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by Pickands Mather. 

China.—Production of crude iron ore in 
1984 was estimated at 118 million tons, 
about 6% more than in 1983. Official statis- 
tics on production of beneficiated ore were 
not available. 

Imports of iron ore increased to about 5.6 
million tons. Australia continued to be the 
principal supplier. Imports were expected to 
increase in 1985 as the first stage of the 
Baoshan steelworks was nearing comple- 
tion. Iron ore requirements for Baoshan 
were estimated at 4.5 million tons per year. 
An agreement was reportedly signed in 
1984 for imports of 3.4 million tons from 
Brazil over a 3-year period beginning in 
1985, and Indian sources were also being 
considered. 

A need for mining equipment of greater 
productive capacity was indicated by a Chi- 
nese report. To date, only the Nanfen Mine 
of the iron and steel complex at Benxi, 
Liaoning, was being equipped with trucks of 
100- to 120-ton haulage capacity and electric 
shovels with bucket capacity of 10 cubic 
yards; other iron mines used trucks of 8- to 
31-ton haulage capacity and shovels with 
bucket capacity of 1 to 6 cubic yards. The 
report also indicated that the cost of pro- 
ducing ore containing 65% iron ranged 
from about $13 per ton in the Qianan and 
eastern Hebei districts to about $25 per ton 
at the Ekou Mine in Shanxi. 

European Communities.—Production of 
iron ore continued to decline. Output was 
about 65% of effective production capacity. 
Imports increased sharply, however, as out- 
put of pig iron was about 10% more than in 
1983. Imports were estimated at 109 million 
tons, and consumption was estimated at 126 
million tons. Reduction of pig iron produc- 
tion capacity during the last 4 years was 
estimated to have reduced the potential 
market for iron ore in the EC by at least 
10%. 

Imports of iron ore in 1984 by individ- 
ual countries (excluding intra-Community 
trade) were estimated as follows, in million 
tons: the Federal Republic of Germany, 41; 
Italy, 17; France, 16; Belgium-Luxembourg, 
15; the United Kingdom, 14; and the Neth- 
erlands, 6. 

In France, plans were announced to close 
five mines and to reduce annual output of 
ore by 3 million tons by 1987. The mines 
proposed for closure are located in the 
western part of the Briey Basin, produce ore 
of the lime-rich type, and include the 
Bouligny, Joudreville, Mairy, Anderny, and 
Droitaumont properties. Plans to close the 
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Anderny Mine at yearend led to a 12-day 
Strike by miners in November. 

India.—Production, exports, and con- 
sumption of iron ore increased in 1984, 
compared with 1983 levels. Exports totaled 
about 23 million tons, and domestic con- 
sumption was estimated at 14.7 million 
tons. Exports included 15.4 million tons to 
Japan, 3.4 million tons to Romania, and 
2.7 million tons to the Republic of Korea. 
Shipments from Goa totaled 11.6 million 
tons, and shipments from east coast ports 
by the National Mineral Development Corp. 
(NMDO) totaled 7.4 million tons. Exports 
were hampered by a 29-day strike by 
300,000 port workers in March, and by 
sharply increased port charges at Mormu- 
gao, which caused diversion of some ore 
carriers to other countries. 

The Steel Authority of India Ltd. (SAIL) 
reported production of 9.9 million tons of 
ore from eight mines and mine groups that 
supply ore to five SAIL steelworks, includ- 
ing the Burnpur plant of Indian Iron and 
Steel Co. Ore consumed at these plants 
totaled 12.1 million tons, including 7 million 
tons of lump ore and 5.1 million tons of 
fines. Ore consumption in the private sector 
was estimated at 2.6 million tons, most of 
which was consumed by Tata Iron and Steel 
Co. Ltd. at Jamshedpur. 

NMDC produced 8.1 million tons of ore 
products, including 5.4 million tons of lump 
ore and 2.7 million tons of fines. The ore 
was produced at Bailadila No. 5, Bailadila 
No. 14, and Donimalai Mines in eastern 
India. 

The pelletizing plant of Kudremukh Iron 
Ore Co. Ltd. (KIOC) at Mangalore was 
scheduled for completion by mid-1985, and 
exports of pellets were expected to start in 
September. KIOC shipped about 1.5 million 
tons of pellet feed in 1984, and a contract to 
supply up to 8 million tons to Bahrain over 
a 5-year period was reportedly signed with 
Arab Iron & Steel. 

Japan.—Imports of iron ore in 1984 in- 
creased 15% compared with those of 1983, 
as production of pig iron increased 10%. 
Imports included about 108 million tons of 
lump ore and fines, 10.8 million tons of 
pellets, and 4 million tons of sinter. The 
principal suppliers continued to be Austra- 
lia, Brazil, and India. Production of agglom- 
erates in Japan was estimated at 93 million 
tons of sinter and 3 million tons of pellets. 
Consumption of ore was estimated at 112 
million tons. 

Liberia.—Exports of iron ore products 
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totaled 16.5 million tons, of which 78% was 
destined for EC countries and 8% was 
destined for the United States. Exports 
included 12.3 million tons of sinter fines, 
about 2.9 million tons of pellets, and 1.4 
million tons of lump ore. All of the pellets 
and one-third of the sinter fines were 
shipped by Bong Mining Co. 

Shipments by the LAMCO Joint Venture 
(LJV) totaled 9 million tons, about 30% 
more than in 1983. The company planned to 
resume production near Tokadeh in 1985 
and was seeking loans for purchase of 
mining equipment. Bethlehem sold its 25% 
interest in LJV to the Liberian Government 
in 1984 and agreed to purchase 2 million 
tons of ore annually for 3 years. 

The National Iron Ore Co. produced 
about 900,000 tons of ore products in 1984. 
Although recently assisted by a loan from 
the International Bank for Reconstruction 
and Development, the company indicated 
that its financial condition was poor and 
that closure was imminent. 

Malaysia.—The direct-reduction plant of 
Sabah Gas Industries Sdn. Bhd. on Labuan 
Island was completed in 1984, but owing to 
a problem in the briquetting plant, produc- 
tion did not get underway until late in the 
year. At Trengganu, construction of the 
direct-reduction plant of Perwaja Treng- 
ganu Sdn. Bhd. was almost completed by 
yearend, and orders for iron ore pellets 
were placed with Brazilian and Swedish 
producers for delivery in early 1985. Design- 
ed production capacity of each plant is 
about 600,000 tons of DRI per year. 

Mauritania.—Exports of iron ore in 1984 
increased to 9.3 million tons, about 25% 
more than in 1983. As in previous years, 
more than 80% of shipments were destined 
for EC countries. 

The Guelbs project was inaugurated. Pro- 
duction of magnetic concentrates began 
from crude ore mined at El Rhein, about 15 
miles north of the Kedia d'Idjil district. 
Owing to scarcity of water, the ore was 
beneficiated in the dry state, using semi- 
autogenous mills and low-intensity magnet- 
ic separators. Shipments of concentrates 
were scheduled at 2 million tons in 1985, 
rising to 6 million tons in 1988. 

Operating status of high-grade hematite 
mines in the Kedia d'Idjil district was re- 
ported as follows: Tazadit No. 1, currently 
the principal producer, is expected to be 
exhausted by 1986; Tazadit No. 5 is to be 
closed in 1985; Tazadit No. 6 may continue 
operating until 1995. The Azouazil and 
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Seyala Mines are expected to operate until 
about 1992. The Rouessa Mine was inactive 
in 1984, and the F'Derik Mine was closed in 
1983 owing to exhaustion of ore reserves. 
Mexico.—Production of crude ore in 1984 
totaled about 14 million tons, of which 
about one-third was produced in each of the 
States of Colima and Michoacan, 20% in 
Chihuahua, and most of the remainder in 
Jalisco and Durango. Shipments of ore prod- 


ucts by the principal producers, in million | 


tons, follow: Altos Hornos de México S.A. 
(AHMSA), 1.9 from La Perla; Consorcio 
Benito Juárez Pena Colorada S.A. (estimat- 
ed), 1.7 from Manzanillo; Las Encinas S.A., 
1.4 from Alzada; Siderürgica Las Truchas 
S.A., 1.4 from Ferrotepec Mines; and Cía. 
Fundidora de Hierro y Acero de Monterrey 
S.A., 0.4 from Cerro de Mercado. 

Construction of the new concentrator at 
AHMSA's Hércules Mine in Coahuila was 
about 90% completed by yearend, and pro- 
duction was expected to begin by mid-1985. 
Planned shipments of concentrates by pipe- 
line to Monclova in 1985 included 1.8 mil- 
lion tons from the Hércules Mine and 1.2 
million tons from La Perla. About 75% of 
the concentrate was to be pelletized at 
Monclova, and the rest was to be pelletized 
at Monterrey. Production of pellets in Mexi- 
co in 1984 was 7 million tons, about 60% of 
installed capacity. 

HyLSA S.A. reported production of 1.64 
million tons of DRI. Construction of a 2- 
million-ton-per-year direct-reduction plant 
at Lázaro Cárdenas was nearly completed 
by yearend. 

New Zealand.—Shipments of titaniferous 
magnetite concentrates included exports of 
about 2.2 million tons to Japan and 200,000 
tons for domestic consumption. New Zea- 
land Steel Ltd. completed its mine expan- 
sion project at Waikato North Head; mining 
capacity was increased to about 11 million 
tons of beach sand per year, and capacity 
for concentrates was increased to 1.4 mil- 
lion tons per year. The concentrates will be 
transported to the iron and steel works at 
Glenbrook by an 11-mile underground pipe- 
line. 

Peru.—Exports of iron ore by Empresa 
Minera del Hierro del Perú in 1984 totaled 4 
million dry tons, of which 49% consisted of 
sinter fines, 29% consisted of pellets, and 
the remainder was pellet feed. About 1.7 
million tons of products was shipped to the 
Republic of Korea and 1.3 million tons was 
shipped to Japan. 

South Africa, Republic of.—Production 
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ai d exports of iron ore increased more than 
40%, compared with the levels of 1983. 
Exports totaled 11.7 million tons, mostly to 
Japan and the EC. Domestic consumption 
was estimated at 9 million tons, as produc- 
tion of pig iron increased 10%, and output 
of DRI rose to about 265,000 tons. All four of 
the new reduction kilns built for Iscor Ltd. 
at Vanderbijlpark were completed by year- 
end. 

Iscor produced 17.8 million tons of ore 
products at the Sishen Mine and about 2.3 
million tons at the Thabazimbi Mine. Ship- 
ments totaled 19.6 million tons, including 
10.8 million tons for export. Exports of iron 
ore were expected to continue, as market 
conditions improved and the Government 
assumed Iscor's debt to South Africa Rail- 
ways, but shipments were being closely 
monitored by the Government. Early in 
1984, rising freight charges on the railway 
from Sishen to Saldanha Bay, reduced ore 
prices, and nonrenewal of several sales 
contracts in Europe had increased financial 
burdens on Iscor to the point where the 
company said that exports had become to- 
tally unprofitable. At the Sishen Mine, the 
South plant, which accounted for one-third 
of the mine's production capacity of 27 
million tons per year, was reportedly closed. 

Spain.—Production of iron ore products 
in 1984 included 3.6 million tons by Cía. 
Andaluza de Minas S.A. (CAM), 1.4 million 
tons by Cia. Minera de Sierra Menera S. A., 
and 1.7 million tons by the Agruminsa 
subsidiary of Altos Hornos de Vizcaya S.A. 
Agruminsa's production included 1.2 mil- 
lion tons of siderite concentrates from 
ore mined underground at Bodovalle and 
521,000 tons of oxide ores from four other 
locations in Spain. CAM’s production came 
from the Marquesado Mine. 

Exports of iron ore totaled about 2 million 
tons, of which CAM shipped 1.6 million tons 
from Almería and most of the remainder 
was shipped from Sagunto by the Sierra 
Menera company. Imports totaled 4.1 mil- 
lion tons, mostly from Brazil. 

Ensidesa S.A. reported consumption of 
about 6.5 million tons, of which 3.8 million 
tons was imported and 2.7 million tons was 
obtained from domestic sources. 

Sweden.—Production and exports of iron 
ore products increased 37% and 21%, re- 
spectively, from 1983 levels. Exports totaled 
17.6 million tons including 4.1 million tons 
of pellets. About 3 million tons was shipped 
for domestic consumption. Stocks of ore 
were reduced by 2.9 million tons, to 4.5 
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million tons at yearend. 

Luossavaara-Kiirunavaara AB (LKAB) 
produced 15.1 million tons including 6.4 
million tons of pellets. Of the company's 
output, 59% was produced at Kiruna, 38% 
was produced at Malmberget, and the rest 
was produced at the Svappavaara pelletiz- 
ing plant, which resumed production in 
November. Shipments totaled 18.1 million 
tons, mostly for export. LKAB was increas- 
ing capacity of its pelletizing plant at Kiru- 
na to 4 million tons per year, and a steel- 
belt pelletizing plant was scheduled to begin 
production at Malmberget in 1985. 

Svenskt Stál AB produced 1.9 million tons 
of concentrates at Grangesberg, including 1 
million tons of granulated sinter feed, and 
produced 500,000 tons of ore products at the 
Dannemora Mine. Shipments totaled 2.7 
million tons including 1.5 million tons for 
export. 

Reduction of the phosphorus and alkali 
content of Swedish ores continued to be 
major objectives. Apatite concentrates re- 
covered from beneficiating plants totaled 
131,000 tons, of which 8396 was recovered at 
Grangesberg. Production of low-phosphorus 
fines was scheduled to increase by 4596 at 
Kiruna in 1985. The alkali content of low- 
phosphorus fines has been reduced to 0.1% 
at Kiruna and to 0.05% in coarse concen- 
trate at Malmberget. 
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U.S.S.R.—The second of three pelletizing 
plants at the Kostomus project in Soviet 
Karelia was reportedly operating in 1984, 
and the third was nearing completion. Each 
plant was designed to produce about 2.9 
million tons of pellets per year. Soviet 
production of pellets was estimated at 59 
million tons in 1984. Exports of pellets were 
estimated at about 10 million tons, in addi- 
tion to 31 million tons of other iron ores. 
Most exports were destined for Czecho- 
slovakia, Poland, and Romania. 

The Stoylensk open pit mine and ore 
beneficiation plant in the Kursk Magnetic 
Anomaly were reportedly commissioned. 
The plant’s production capacity for concen- 
trates was 1.7 million tons per year. 

Venezuela.—Shipments of iron ore prod- 
ucts by CVG Ferrominera Orinoco C.A. 
totaled 12.8 million tons and included about 
8.4 million tons for export. Domestic con- 
sumption was estimated at 4.1 million tons. 
Production of DRI was about 2.5 million 
tons, of which 52% was produced by the 
Midrex process, 35% was produced by the 
HyL process, and the rest was produced by 
Fior de Venezuela S.A. Under contract with 
Ferrominera, Midrex Corp. was studying 
the feasibility of modifying the high-iron 
briquet (HIB) reduction plant to use the 
Midrex process. The HIB plant has been 
closed since 1982. 


TECHNOLOGY 


Intense competition in iron ore and steel 
markets and the need to reduce costs con- 
tinued to stimulate technological improve- 
ments in iron ore production and use. 

The use of fluxed pellets to improve 
efficiency of smelting continued to be in- 
vestigated. Although regular production of 
olivine pellets has been instituted by LKAB 
of Sweden, Pea Ridge Iron Ore of the United 
States, and to some extent by CVRD of 
Brazil, olivine is a less suitable additive for 
more siliceous concentrates such as those 
pelletized in the Lake Superior district. On 
the Mesabi Range, Hibbing Taconite used 
limestone and dolomite to produce 200,000 
tons of fluxed pellets in 1984 for blast 
furnace tests by Dofasco at Hamilton, On- 
tario, Canada. The fluxing material, consist- 
ing of 60% dolomite and 40% limestone, 
was added in the proportion of 10.6% by 
weight per ton of magnetite concentrate. 
Although heat requirements for pellet in- 
duration increased about 66% and the feed 
rate to the kiln was reduced by 15%, these 


disadvantages were expected to be offset by 
savings at the blast furnace because pellet 
reducibility improved by 37% and the melt- 
ing temperature was raised by 145° F. The 
tests by Dofasco were reportedly successful.* 

Six U.S. pellet producers were reportedly 
testing the use of an organic binder as a 
substitute for bentonite. Inland Steel used 
the material to produce 311,000 tons of 
pellets at the Minorca Mine in 1984 for tests 
in the company's blast furnaces at Chicago. 
Results indicated that reducibility of the 
pellets increased about 25% as the organic 
binder burns off completely during indura- 
tion; that pellet composition was improved 
owing to elimination of contaminants such 
as alkalies and silica which are introduced 
by bentonite; and that possible savings at 
the blast furnace were 11 to 14 kilograms of 
coke per metric ton of hot metal produced. 
Although the organic binder costs more 
than bentonite, decreases in pellet strength 
and reduced heat efficiency in induration 
appeared to be correctable, and net savings 
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possible were estimated at 43 to 67 cents per 
ton of pellets consumed.* 

The developments outlined above indicate 
the importance of blast furnace tests in 
evaluating changes in pellet composition, 
Structure, and production technology. The 
need for blast furnace operators to evaluate 
pellets in terms of hot metal cost is leading 
to changes in North American pellet specifi- 
cations and will influence purchasing prac- 
tices as well. In many cases, specifications 
have been based on what could be produced 
at the pellet plant, rather than on what 
would be the optimum product for the blast 
furnace. Whereas typical specifications for 
physical properties of pellets have been 
based on measurements at the pelletizing 
plants, additional specifications are being 
set for the proportion of fines received at 
the blast furnace as well as for physical 
properties at low and intermediate temper- 
atures. This is increasing requirements for 
control of chemical composition and physi- 
cal structure, and for more precise correla- 
tions between pellet quality and blast fur- 
nace performance, the bottom line being the 
least cost for quality hot metal.5 

Solid fuel was being used to reduce costs 
in some oil-fired pelletizing plants. At the 
Carol Lake plant of the Iron Ore Co. of 
Canada, substantial savings in fuel oil con- 
sumption were achieved by adding 0.7% to 
0.8% by weight of coke breeze to the pellet- 
izing mix. Charcoal was successfully used 
for the same purpose by CVRD in pelletiz- 
ing plants at Tubaráo, Brazil. Coal-water 
slurries were also being investigated as 
substitutes for oil. 

On the Mesabi Range, investigation of the 
feasibility of producing pig iron from local 
iron ore concentrates by a plasma arc proc- 
ess was begun at Hibbing, MN, by Pick- 
ands Mather in association with Westing- 
house Electric Corp., Minnesota Power, and 
the Electric Power Research Institute. Fifty 
test runs completed by November indicated 
that metal production was possible using 
bituminous coal, subbituminous coal, or 
peat; that the metal produced met market 
specifications for low-phosphorus pig iron; 
and that no environmental problems were 
encountered. It was therefore decided to 
proceed with a second series of tests design- 
ed to establish optimum process parameters 
and economics necessary for scaleup to a 
semicommercial plant. A new reactor was 
completed in December, and the second 
series of tests was scheduled for completion 
by April 1985. The project was supported by 
a $1.37 million grant from the State of 
Minnesota, while the participating compa- 


MINERALS YEARBOOK, 1984 


nies contributed manpower, equipment, and 
funds to build a 0.5-ton-per-hour pilot 
plant.* 

Direct reduction of several thousand tons 
of Minnesota pellets was tested in the Fed- 
eral Republic of Germany in November 
1984 using a coal-based process developed 
by Korf Engineering GmbH. The tests were 
conducted to investigate the economic feasi- 
bility of producing iron in Minnesota for 
electric-furnace production of steel, and 
were partly supported by grants from the 
States of Minnesota and West Virginia, the 
U.S. Department of Energy, the American 
Iron and Steel Institute, and the Bureau of 
Mines. The tests were said to be successful, 
but no details were announced. 

A Bureau of Mines study of corrosion 
rates of eight types of ferrous grinding 
media, using ultrasonic abrasion in simu- 
lated mill water, concluded that corrosion 
causes less than 10% of media wear in 
typical commercial grinding mills? Re- 
search was also continued to improve the 
selective flocculation-desliming process for 
beneficiation of oxidized taconite by flota- 
tion. As the presence of more than 15 
milligrams per liter of dissolved calcium, 
magnesium, or iron in the feed water will 
cause undesirable metallurgical results, an 
index based on the concentration of calcium 
ions was devised to monitor quality of the 
feed water and to help control the excess ion 
concentration to 10 milligrams per liter or 
less. This can permit use of water from 
several sources, including reclaimed water.* 

Improvements in worker training at two 
taconite mines, to keep pace with the in- 
creasing complexity of mine operations and 
to meet requirements of the Mine Safety 
and Health Act, were described in a Bureau 
report.? 


Physical scientist, Division of Ferrous Metals. 

7Unless otherwise specified, the unit of weight used in 
this chapter is the long ton of 2,240 pounds. 

SBymark, J. V. Fluxed Pellet Production at Hibbing 
Taconite Company. Proc. 58th Annu. Meeting MN Sec. 
AIME and 46th Annu. Min. Symp. Univ. MN, Duluth, MN, 
Jan. 16-17, 1985, pp. 4-1 to 4-16. 

*Shusterich, F. Production of Peridur Pellets at Minor- 
ca. Proc. 58th Annu. Meeti Sec. AIME and 46th 
Annu. Min. Symp. Univ. „ Duluth, MN, Jan. 16-17, 
1985, pp. 16-1 to 16-12. 

5Ranade, M. G. Blast Furnace Pellets—Present and 
ber Skillings' Min. Rev., v. 73, No. 38, Sept. 22, 1984, 


p. 

*Fatum, J. H. Plasma Mesabi—Metal Project. Proc. 58th 
Annu. Meeting MN Sec. AIME and 46th Annu. Min. Symp. 
Univ. MN, Duluth, MN, Jan. 16-17, 1985, pp. 7-1 to 7-35. 

Tolley, W. K., I. L. Nichols, and J. L. Huiatt. Corrosion 
Rates of Grinding Media in Mill Water. BuMines RI 8882, 
1984, 13 pp. 

5Green, R. E., and A. F. Colombo. Dispersion-Selective 
Flocculation-Desliming Characteristics of Oxidized Taco- 
nite. BuMines RI 8867, 1984, 19 pp. 

*Couillard, D. T., and B. C. Nelson. Task Training in the 
Don Mining Industry: Two Approaches. BuMines IC 8994, 
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Table 3.—Crude iron ore! mined in the United States in 1984, 
by district, State, and mining method 


(Thousand long tons and exclusive of ore containing 5% or more manganese) 


Number 

District and State wot, — Opmpit Under Total 

Lake Superior: 
— ------------------------=- =- 10 116.554 NE 
Total- t. t E oie trt ee nA ene 12 156,444 E 156,444 
E PCR UE TRE he aaa a ³ĩùAA aa 1 NON 1,967 1,967 
GGG nucum eh tes sn ees 7 647 -— 641 
Total. ter ² ³ hui ˙ . 8 647 1.967 2,614 
Grand total 20 157,091 1,967 159,058 

!Excludes byproduct ore. 


3Includes California, Montana, Nevada, and Texas. 


Table 4.— Usable iron ore produced in the United States in 1984, 
by district, State, and type of product 


(Thousand long tons and exclusive of ore containing 5% or more manganese) 


Direct 
District and State shipping 8 Denon 3 
Lake Superior: 
mie ⅛ ⁸ A e ue eae man 2 12,982 12,982 
Minne: sine. 853 35,844 36,697 
7»»ͤ% Q se ha eee tut oe 853 48,826 49,679 
Other States: 
Missouri 5-26 be eee ewe eee eek eee 67 1,257 1,324 
GG/ö;ð—diù d 51 215 M 266 
17J/;õÜ. ²˙]˙ꝛdùnuͤ 51 282 1.257 1,590 
Grand totaal“.l.l . 51 1,135 50,083 51,269 


1Includes California, Montana, Nevada, and Texas. 


491 


IRON ORE 


'89]81jue2uoo ut pepn[oug, 
'Sexo], PUB *410X MƏN ‘ONXIW MƏN 'epeAaN ‘BUBJUOW ‘OPLI *eru1ojr[e?) sepnpou], 
« PIOYYIM fei, ut pepnpour *ejep &rejeridoad Aueduioo 3utso[osrp proAe 03 pf, N M 


989 Te 8789 88809 056 85 11801 1 . CM ee parce . ES [£103 puer) 
616 219 jn ma p» aa „ iori ß... eS pleuunu pe30], 
Ter eT 6 69 810Z 908˙1 819 rr ß ...... Ua UT e[qu31odoa [630], 
161˙81 8˙58 859 (e) 999 UU a S a ae a aa 110 
M 1˙99 OLS I 908˙1 99 we UNSER SUICIDE Ii LI CEU II UNDC LInOSSI]AI 
891838 19470 
9IG'I9G'T 6 ˙89 998˙85 989 L 861˙1 Dp Nene ĩ⁊ u ⁊ĩ I c UI Ter mu ge e[qey10do2 [830], 
919˙199˙1 8' 69 609 S6 60? T€ e6r'I DR )) m rU ee et ee BIOSOUUT PY 
M 1˙79 £93 eI 922 61 -> rr. DI PLE ... E ey PUT UO 
io ng exer 
quod 310 
Áyyuenb 83}813 891913 
(Saul (jeinzeu) Suiddtus 
P juequoo [80L -ulo[ 83 -u99U0;) end ejejg pu? PUA 
one [930], UOI : 
oflU19A V (suo; 3uo[ puesnouq3) peddtus a10 Jo JuS N 85049 


(ƏSƏUBJUBU IJO 10 %G Suture3uoo JIO JO IAISN[IXT) 
t86[ ut so3j83g pajru() JY? UI S9UTUI UIOJJ IJO UOTI 9[qesn Jo usuidu8— 9 du.]. 


499 MINERALS YEARBOOK, 1984 


Table 6.—Usable iron ore produced in the U.S. Lake Superior district, by range 
(Thousand long tons and exclusive after 1905 of ore containing 596 or more manganese) 


Mar- Menom- . Ver- . Spring : 1 
Year | quette inca Gogebic milion Mesabi Cuyuna Vall ey ed Total 

1854-19777 463,586 322,987 320,334 103,528 3,127,196 70,336 8,149 6,561 4, 422,674 
STT nonc 14.472 2,280 Sa d 55,316 E EN 660 12,121 
1919. 88 15,100 2,032 dot A 59,320 E TA 698 11,151 
1980 —8 14,450 1.970 un Eu 45,162 — ye 699 62,282 
I9NL e re c 15,50 75 — NE 51,025 ies FE 854 67,462 
1982__________~_ 6,874 se PY A 23,898 Lc Nes 241 31,013 
19839: oo nem 9,339 "el zd ees 26,255 zs es Ln 35,594 
1984 amos 12,982 -— m aa 36,697 SN PUN ee 49,679 

Total. - 2 552,311 329, 344 320,334 103,528 3,424,869 70,336 8,149 9,718 4,818,582 


Data may not add to totals shown because of independent rounding. 


Table 7.— Average analyses of total tonnage’ of all grades of iron ore shipped from 
the U.S. Lake Superior district 


tity Content (percent)? 
Year (thousand. —————————————————————————————— 
long tons) Iron Phosphorus Silica Manganese Alumina Moisture 
1980 sns 61,536 62.98 0.023 5.88 0.18 0.32 2.57 
1981. o ,925 63.13 5.70 .17 .80 2.59 
1982 525 ce 82,178 63.50 018 5.40 13 31 2.60 
1988388 42,418 63.32 018 5.35 .12 .29 2.64 
T n ncs 48,613 63.48 018 5.28 .14 32 2.66 


1Railroad weight—gross tons. 
Aron and moisture on natural basis; phosphorus, silica, manganese, and alumina on dried basis. 


Source: American Iron Ore Association. 


Table 8.—U.S. consumption of iron ore and agglomerates in 1984, by State 


(Thousand long tons and exclusive of ore containing 5% or more manganese) 


Iron ore and 


2 
Sis concentrates! 5 Miscella- Total 
Blast Steel Blast Steel neous? reportable 
furnaces furnaces furnaces furnaces 
Alabama, Kentucky, Texas, Utah ____ 578 Ww 6,840 W W 7,418 
Illinois, Indiana, Michigan 34 T 33,156 W W 33,190 
Maryland, New York, Pennsylvania 1,353 W 13,586 W W 14,939 
Ohio and West Virginia 95 W 15,261 53 W 15,415 
Undistributed ______________-- m 111 aes 4239 1,203 1.553 
Total? ono a ie ts 2,059 111 68,849 4292 1,203 72,514 


W Withheld to avoid disclosing company proprietary data; included with “Undistributed.” 
IExcludes pellets or other agglomerated products. 
“Includes approximately 43,236 units of pellets produced at U.S. mines and 9,013 units of foreign pellets and other 
omerates. 
PEE includes iron ore consumed in production of cement and iron ore ship for use in manufacturing paint, ferrites, 
heavy media, cattle feed, refractory and weighting materials, and for use in lead smelting. 
“Includes an estimated 176 units of ore and agglomerates used for production of direct-reduced iron for steelmaking. 
Data may not add to totals shown because of independent rounding. 
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Table 9.—Iron ore.consumed in production of sinter at 
iron and steel plants in the United States in 1984, by State 


(Thousand long tons) 
Iron ore Sinter 

State consumed! produced 

Alabama, Kentucky, Tekaassss „„ „„ „„ W W 
California, Colorado, Uta JJ HP PRECOR W W 
Illinois, Indiana, Michigan. __§_______________________________ ee 3,679 7,146 
Maryland, New York, PennsylvanianaKKneKnK . 5,429 6,814 
Ohio and West Virginia __________________ ~~ 222222222222222222-2 1,159 2,139 
Undistributed Sem cereum Ludus eee 496 826 
ÜöÜbͥͥ¹̃ ee ini 10,764 16,926 


W Withheld to avoid disclosing company proprietary data; included with Undistributed.“ 
1Includes domestic and foreign ores. 
2Data may not add to totals shown because of independent rounding. 


Table 10.—U.S. production of iron ore 


agglomerates, by type 
(Thousand long tons) 
Type 1983 1984 
Sinter -------------- 215,859 316,926 
Pellets 36,291 50,083 
S 452,151 67, 009 


Production at mines and consuming plants. 

Includes 7,648 units of self - fluxing sinter. 

Includes 7,983 units of self-fluxing sinter. 

*Data do not add to total shown because of independent 
rounding. 


Table 11.—U.S. exports of iron ore, by country 
(Thousand long tons and thousand dollars) 


1982 1983 1984 
Country — "--— — — ͤjß— — — — 
Quantity Value Quantity Value Quantity Value 
Canada 3,173 150,200 3,780 182,490 4,988 238,856 
India —— oe Pe Ls 1 25 1) 12 (4) 2 
/§ö;O et ee * E () 76 EN 
// --------------—- 1 67 a) 4 ( 24 
Netherlands ies e n — 262 
Saudi Arabia at M (5) 34 oe =o 
United Kingdom __________~_- (i) 21 (3) 5 (!) 32 
Venezuelas (1) 61 (1) 10 (*) 15 
V0 oo a 3 1142 1 1113 1 66 
lr 3,178 150,522 3,781 182,744 24,993 239,257 
"Revised 


Less than 1/2 unit. 
Mata do not add to total shown because of independent rounding. 
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Table 12.—U.S. imports for consumption of iron ore, by country 
(Thousand long tons and thousand dollars) 


494 

Count 
Tue Quantity 
Australia (7) 
„ 5-255225 c 972 
Canada... U ÿç— m 9,281 
Chile uoo 88 47 
Liberia -—--------------—-—- 2,399 
§öÜ;à· 8 35 
South Africa, Republic of! 52 
Sweden 71 
Venezuelaaaaasass ccs 21,643 
ö§ö’rriir . 8 (1) 
Total" cr ER ees 14,501 

1T ess than 1/2 unit. 


1982 


Value 


4 
26,339 
359,708 
613 
43,036 
1,057 
1,083 
2,171 
236,768 
7 


470,847 


2t 
< 


2 


m por 
1T { 
se 83 


l — 
D 
— 


88 


13,246 


1983 


1,540 
342.934 
102 


445,731 


Value 


55,182 
413,478 


Excludes approximately 175,000 long tons of direct-reduced iron valued at $24,000,000, originally reported as iron ore. 
Excludes approximately 82,000 long tons of sponge iron valued at $6,516,000, originally reported as iron ore. 
*Excludes approximately 64,000 long tons of sponge iron valued at $5,016,000, originally reported as iron ore. 
5Data may not add to totals shown because of independent rounding. 


Table 13.—U.S. imports for consumption of iron ore, by customs district 
(Thousand long tons and thousand dollars) 


HN 1982 1983 1984 
ri CETA Ee ONES II A I SE IIE 
ee Quantity Value Quantity Value Quantity Value 
Baltimore 3,451 118,425 3,062 63,216 4,668 133,448 
Buffalo__________________ 5,791 195 8,862 (1) (1) 
Chicago — 2.667 91,454 1,625 52,357 2,574 59,705 
Cleveland qa 2.087 71,001 4,491 179,771 3,859 136,654 
Detroit 228 4,818 182 4,480 393 12.927 
Houston 316 14,654 31 1,169 133 2,758 
Mobile 1.278 584 525 25,778 1,548 283 
New Orleans ______________ 423 9.915 578 12,369 643 12,815 
Philadelphia 3,497 2,002 2.463 93,963 3,250 98,777 
Wilmington, (ccc 76 2,949 "e M PM E 
Other o oa RE 118 4,198 91 3,768 119 4,198 
Total?@_________________ 14,501 470,847 18,246 445,731 17,187 529,065 
lLess than 1/2 unit. 


2Data may not add to totals shown because of independent rounding. 
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Iron Oxide Pigments 


By William I. Spinrad, Jr. 


U.S. mine production, shipments, and 
value of crude iron oxide pigments and total 
domestic shipments and value of natural 
and synthetic finished iron oxides increased 
in 1984. Unit values for all categories of 
finished iron oxides increased. Synthetic 
iron oxide comprised 59% of all shipments. 
Combustion Engineering Inc. sold its iron 
oxide pigment producing plant in Camden, 
NJ, to American Minerals Inc., and Pfizer 
Inc. closed its Valparaiso, IN, plant indef- 
initely. Regenerator oxide producer Repub- 
lic Steel Corp. merged with Jones & Laugh- 
lin Steel Corp., forming LTV Steel Co., and 
the Weirton Div. of National Steel Corp. 
was purchased by its employees and now 
operates as Weirton Steel Division. Ferro 
Corp., a consumer of regenerator oxide, was 
purchased by Hoosier Magnetics Inc. 

Paint and coatings was the largest end 
use for iron oxide pigments, followed, in 
order of ranking, by construction materials; 
colorants for glass and ceramics, plastics, 
paper and textiles, and rubber; foundry 
uses; industrial chemicals; ferrites; and oth- 
er end uses. 

Price increases announced for the fourth 
quarter of 1983 took effect during the first 
three quarters of 1984 as contracts expired 
and temporary discounts were lifted. Price 


increases announced by some major produc- 
ers in the fourth quarter, to counter in- 
creased production costs, never materializ- 
ed because of competitively priced imports. 

The United States imported 1896 more 
iron oxide pigment than it exported, al- 
though U.S. exports of pigment-grade iron 
oxides increased dramatically compared 
with those of 1983. This was attributed to 
the strength of the U.S. dollar against 
foreign currencies. U.S. imports of synthetic 
iron oxides increased dramatically com- 
pared with those of 1983, while imports of 
natural iron oxides declined slightly. World 
mine production of natural iron oxide pig- 
ments for reporting countries increased 
compared with that of 1983. 

Domestic Data Coverage.—Mine produc- 
tion and sales data for crude iron oxide 
pigments and sales data for finished iron 
oxide pigments and iron oxides from steel 
plant wastes were compiled from voluntary 
responses received from an annual survey 
of U.S. producers conducted by the Bureau 
of Mines. Responses for crude iron oxide 
mine production and sales data were receiv- 
ed from five companies representing 10096 
of all producers that are known to mine 
and/or ship crude iron oxide pigments in 
the United States, as shown in table 1. Of 


Table 1.—Salient U.S. iron oxide pigments statistics 


1980 1981 1982 1983 1984 
Mine production ____________- short tons. . 133,774 128,731 128,082 126,499 29,307 
Crude pigments sold or usd -—----—-—- do... 47,338 149,732 746,548 141,875 53,017 
rr. é thousands 181,7 181,743 182,059 182,427 $2,819 
Finished pigments sold |... short tons 125,371 1128, 290 "104,951 122,861 129,492 
ie thousands 1881, 965 895,799 $84,736 "$110,662 $122,620 
EXDOHS — 25 c 88 short tons 5,0 4,967 9,065 12,661 32,428 
FCC thousands.  . $9,132 $11,704 $17,795 $20,692 $31,832 
Imports for consumption short tons... 39,446 39,661 25,855 30,747 38,239 
Valter thousands $20,035 $18,915 $13,330 $16,684 $21,523 
TRevised 
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the 17 companies canvassed for finished 
iron oxide pigments sales data in 1984, 
100% responded, representing 100% of the 
total production shown in table 2. Of the 
five companies canvassed for sales data for 
iron oxides recovered from steel plant 
wastes, including steel plant dust and re- 
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generator oxide, 100% responded, repre- 
senting 67% of the estimated production 
shown in the text discussion under Domes- 
tic Production. Data for nonrespondents 
were estimated through analysis of industry 
trends and practices and from information 
received from contacts within the industry. 


DOMESTIC PRODUCTION 


Mine production, shipments, and value of 
crude iron oxide pigments increased 11%, 
27%, and 16%, respectively, over 1983 lev- 
els. One company in Georgia mined and 
shipped ocher and umber; magnetite was 
mined and shipped by a company in Missou- 
ri; and of two companies in Virginia, one 
mined and shipped sienna and umber and 
the other shipped umber. Cleveland-Cliffs 
Iron Co. continued to ship hematite from a 
stockpile at its Mather Mine in northern 
Michigan, which permanently closed in 
1979. 

Total domestic shipments of finished i iron 
oxide pigments, excluding regenerator ox- 
ide, steel plant dust, and magnetic iron 
oxide, increased 5% in quantity and 11% in 
value compared with that of 1983. Synthetic 
iron oxides comprised 59% of total ship- 
ments, slightly less than that of 1983. Unit 
values for all categories of finished iron 
oxides increased. Natural iron oxides in- 
creased 8% in quantity and 14% in value 
compared with that of 1983. Raw umber and 
red iron oxide had notable increases of 19% 
and 11%, respectively, while raw sienna 
declined 15%. Of the 13 natural iron oxide 
producers canvassed, all but 2 reported 
increases in domestic shipments. Total syn- 
thetic iron oxide shipments increased 4% in 
quantity and 10% in value, with synthetic 
brown, red, and other iron oxide increasing 
17%, 10%, and 1%, and synthetic yellow 
decreasing 11% in quantity, respectively. 
Two of the six synthetic iron oxide produc- 
ers canvassed reported decreases in ship- 
ments. 

Iron oxide for use in magnetic applica- 


tions, not shown in table 2, was produced by 
three domestic companies, one being a cap- 
tive operation. Production and shipment 
data are unavailable because of their pro- 
prietary nature. 

An estimated 23,000 short tons? of steel 
plant byproduct iron oxides, in the form of 
regenerator oxide and steel plant dust, were 
shipped in 1984. Of the five plants can- 
vassed, representing 67% of estimated ship- 
ments with a value of $1.4 million, three 
showed increases in shipments, and one 
continued to remain inactive. 

In January, Combustion Engineering, CE 
Minerals Div., sold its iron oxide pigment 
producing plant in Camden, NJ, to Ameri- 
can Minerals. Pfizer closed its Valparaiso, 
IN, plant, which produced magnetic iron 
oxides for audio and video applications, for 
an indefinite period in mid-April. The clo- 
sure was attributed to diminished demand 
for magnetic particles made at the plant, 
and production of these materials was con- 
solidated with Pfizer's East St. Louis, IL, 
and Easton, PA, plants. The Valparaiso 
plant will remain mothballed until market 
conditions warrant its reopening. In the 
first half of 1984, Republic Steel merged 
with Jones & Laughlin Steel, forming LTV 
Steel, a subsidiary of The LTV Corp., and 
employees of the Weirton Div. of National 
Steel purchased this plant, which now oper- 
ates as Weirton Steel Div. Both steel compa- 
nies produce regenerator oxides. Ferro, a 
major consumer of regenerator oxide for 
ferrite materials production, was purchased 
by Hoosier Magnetics, Washington, IN, in 
the third quarter of 1984. 
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Table 2.— Finished iron oxide pigments sold by processors in the United States,' by kind 


1983 1984 
Kind Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 
Natural: 
Black: Magnetite ------------------------- 5,054 T$806 5,389 $877 
Brown: 
Iron oxidehh): n — , W W W W 
Umbers: 
FI nni ER oem utrius as e 3,451 2,626 3,432 2,903 
ROW un ses ees shies Ee ! WAA oe fame 1,311 901 1,559 1,151 
Red: 
Iron oxidens  .......-..- 722, 196 73,612 24,648 4,353 
Sienna, burnt________________________- 1599 1499 631 561 
Yellow: 
)J) h ee · TUA S tera AA 716,318 14,551 17,272 4,968 
Sienna, raw ____________________-_--__- 329 256 280 249 
I/ es ee 149,258 113,252 53,211 15,063 
Synthetic: 
Brown: Iron oxide s 713,994 718,199 16,307 22.128 
Red: Iron oxide 730,506 738,946 33,435 45,403 
Yellow: Iron oxid‚e  . .....-.....-- 24,104 30,081 21,482 27,431 
Other: Specialty oxides’ _____________________ 14999 710,183 5,057 12,594 
Total e iru ³ĩðVNçd Le utu La ota 773,603 197,410 76,281 107,556 
Mixtures of natural and synthetic iron oxides _________~_ W W W 
Grand total  — 2... 7122,861 7110,662 129,492 122,620 


"Revised. W Withheld to avoid disclosing company proprietary data. 

lData (1983 revised and 1984) reflect elimination of sizable overstatements (including regenerator oxide), some 
reclassification, and elimination of magnetic iron oxide to avoid disclosing company proprietary data. 

These data are included with yellow ocher to avoid disclosing company proprietary data. 

3Includes pyrite cinder. 

*Includes yellow and brown iron oxides. 

5Data may not add to totals shown because of independent rounding. 

8Includes synthetic black iron oxide. 

Includes mixtures of natural and synthetic iron oxides. 


Table 3.—Producers of iron oxide pigments in the United States in 1984 


Producer Mailing address Plant location 
Finished pigments: 
American Minerals Ine Foot of Jefferson St. Camden, NJ. 
Camden, NJ 08101 
BASF Wyandotte Corp., Pigments Div _ 100 Cherry Hill Rd. Wyandotte, MI. 
Parsippany, NJ 07054 
Blue Ridge Talc Co. Ine Box 39 Henry, VA. 


x 
Henry, VA 24102 
Chemalloy Co. Ine Box 350 
Bryn Mawr, PA 19010 
Box 37 


x 
Tulsa, OK 74102 


Bryn Mawr, PA. 


St. Louis, MO, and Monmouth 
Junction, NJ. 


Columbian Chemicals Co- 


DCS Color & Supply Co. Inc, 2011 South Allis St. Milwaukee, WI. 
Milwaukee, WI 53207 

Foote Mineral Co Route 100 Exton, PA. 
Exton, PA 19341 

Hoover Color Cord Box 218 Hiwassee, VA. 
Hiwassee, VA 24347 

Mobay Chemical Cord Penn Lincoln Parkway West New Martinsville, WV. 
Pittsburgh, PA 15205 

New Riverside Ochre Co Box 387 Cartersville, GA. 
Cartersville, GA 30120 

Pfizer Inc., Minerals, Pigments 235 East 42d St. Emeryville, CA; East 

& Metals Div. New York, NY 10017 St. Louis, IL; Easton, PA. 

Prince Manufacturing Co... 100 Lehigh St. Quincy, IL, and 
Bowmanstown, PA 18030 Bowmanstown, PA. 

Reichard-Coulston Ine 1421 Mauch Chunk Rd. Bethlehem, PA. 


Bethlehem, PA 18018 
7733 Forsyth Blvd. 
Clayton, MO 63105 
Route 72, Box 396 
Kirkland, IL 60146 


St. Joe Lead Co., Pea Ridge Iron Ore Co Sullivan, MO. 


George B. Smith Color Co- -------- Maple Park, IL. 


Solomon Grind-Chem Service Ine Box 1766 Springfield, IL. 
Springfield, IL 62705 
Sterling Drug Inc., Hilton-Davis 2235 Langdon Farm Rd. Cincinnati, OH. 


Chemicals Div. Cincinnati, OH 45237 
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Table 3.—Producers of iron oxide pigments in the United States in 1984 —Continued 


Producer 


Crude pigments: 
Cleveland-Cliffs Iron Co., Mather Mine 
and Pioneer Plant (closed July 31, 
1979; shipping from stockpile). 


Hoover Color Corp - ------------ Box 218 


Mailing address 


1460 Union Commerce Bldg. 
Cleveland, OH 44115 


Plant location 


Negaunee, MI. 


Hiwassee, VA. 


Hiwassee, VA 24347 


New Riverside Ochre Coo Box 387 


Cartersville, GA. 


Cartersville, GA 30120 


St. Joe Lead Co., Pea Ridge Iron Ore Co 7733 Forsyth Blvd. Sullivan, MO. 
Clayton, MO 63105 
Virginia Earth Pigments Co Box 1403 Hillsville, VA. 
Pulaski, VA 24301 
CONSUMPTION AND USES 


Consumption data for iron oxide pig- 
ments, shown as percentages by end use of 
reported shipments in table 4, are esti- 
mates, because some producers keep less 
detailed data concerning end-use break- 
downs than others. 

Paint and coatings, which continued to be 
the largest end use for iron oxide pigments, 
comprised 35% of all shipments and totaled 
45,818 tons in 1984. Consumption increased 
slightly compared with that of 1983. Prelim- 
inary data developed by the U.S. Depart- 
ment of Commerce’ indicate that 1.015 bil- 
lion gallons of coatings valued at $8.9 billion 
was shipped, up 14% in volume over that of 
1983. Architectural coatings comprised 50% 
of total shipments and totaled 503 million 
gallons; product coatings-original equip- 
ment manufacture (OEM) was 357 million 
gallons, or 35% of shipments; and 15%, or 
153 million gallons, was special-purpose 
coatings. 

Usage of iron oxide pigments in construc- 
tion materials continued to grow in quanti- 
ty and as a percentage of total shipments, 
approaching consumption patterns typical 
to Europe. Consumption increased 12% 
from 1983 levels, to 35,961 tons, and com- 
prised 28% of all iron oxide pigments con- 
sumed. Construction showed large gains, ac- 
cording to the F. W. Dodge Div. of McGraw- 
Hill Information Systems Co., with new 
construction valued at $210 billion, 8% 
more than that of 1983. Commercial and 
industrial building led this increase, surg- 
ing 2406 from 1983 levels, and public works 
construction and institutional building in- 
creased 12% and 6%, respectively. Residen- 
tial housing had its best year yet in the 


1980's, increasing 8% in value to $101 
billion and 396 in quantity to 1.75 million 
newly started units.* 

Fourteen percent, or 17,358 tons, of all 
iron oxides was consumed as colorants for 
glass and ceramics, plastics, paper and tex- 
tiles, and rubber, by order of ranking, repre- 
senting a 6% increase in consumption from 
that of 1983. One published report indicated 
that 4,740 tons of iron oxide was consumed 
in plastics in 1984, 8% more than that of 
1983. Iron oxides, which were the second 
largest inorganic pigments consumed, are 
popular because of their low cost, coloring 
effectiveness in thermoplastics and thermo- 
sets, and because of Food and Drug Admin- 
istration acceptance for food contact and 
medical applications. 

The remaining 23% of reported iron oxide 
pigment consumption, by order of ranking, 
was in the manufacture of animal feed and 
fertilizers, foundry sands, industrial chemi- 
cals, ferrites, cosmetics, jewelers' rouge, and 
other end uses. 

Regenerator oxide and steel plant dust, 
not accounted for in table 4, were used 
mainly in the manufacture of ferrites, with 
lesser amounts used in paint and coatings, 
as colorants for construction materials, and 
in fertilizers and foundry sands. An estimat- 
ed 23,000 tons was shipped for consumption 
in 1984. Magnetic iron oxides, also not 
included in the table, were mainly used in 
the manufacture of magnetic media such as 
magnetic tapes and floppy disks, magnetic 
toners, and other electronic applications. 
Over 14,000 tons was estimated to be con- 
sumed. 
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Table 4.—Estimated iron oxide pigment consumption, by end use, as a percentage of 
reported shipments 
All Natural Synthetic 
End use iron oxides iron oxides iron oxides 
1983 1984 1983 1984 1983 1984 
Animal feed and fertilizers - - - - ------------------— T6 6 T14 13 1 1 
Coatings (industrial finishes, trade sales paints, varnishes, 

F ³ð2,u ᷣ Vu d casei ut eu 36 35 25 25 T44 43 
Colorants for plastics, rubber, paper, textiles, glass, ceramics. _ _ 14 14 114 13 113 14 
Construction materials (cement, mortar, preformed concrete, 

roofing granule -----------------------——- "26 28 25 28 "21 21 
Foundry sandssss „ „„„„ r6 5 14 13 qum SEN 
Industrial chemicals (such as catalysts). zz 5 5 2 3 16 6 
Other (including ferrites, cosmetics, and jewelers’ rouge) - _ _ _ — | r7 7 r6 5 r9 9 

·Ü ]³Ü8i 0 PPM 100 100 100 100 100 100 


TRevised. 
Data do not include regenerator oxide, steel plant dust, and magnetic iron oxide usage. 


PRICES 


Price increases for natural and synthetic 
grades of iron oxides, announced by domes- 
tic producers for November and December 
of 1983, materialized over the first three 
quarters of 1984 as temporary discounts 
were lifted and contracts expired. Two ma- 
jor producers reportedly announced price 


increases for natural and synthetic iron 
oxides in the fourth quarter because of 
increased costs for raw materials, labor, and 
energy, but they never materialized because 
of the reluctance of other producers to 
follow these increases in light of competi- 
tive low-priced imports. 


Table 5.— Prices quoted on finished iron oxide pigments, per pound, bulk shipments, 


December 31, 1984 
Pigment Low High 

Black: 

Natural: = 66 G censes ere ⁰¹˙ ⁰ ˙ . tat Duel Eni za $0.2700 

;; ³ꝛ eo e LL e ³·ſ/dddſſdſ DUM coh a con: $0.6900 .7150 

eee ⅛ð y y mam 6875 

Brown: 

Groündiroh d ]ð ð§ ↄðò iiu m tme s c E ee RUE LI LE ues 1300 .1450 

II.. Nae ⁰oͥ r ð as eru rear LL rin 1650 .2950 

Pure, SynineviC 4.2.2 —À————— — ——Á— ae 7050 

Sienna, domestic, burnt _______________________~___ LLL LLL LLL SR .4500 

Sienna, domestic, rau uu 3600 4400 

Sienna, Italian, burnt______________________________________ Le .4500 7300 

Umber, Turkish, nnn eme Ems .4350 .5200 

ano ð ᷣ ⁵ ̃ 0 ees cUm pd cL E Ce EM .4000 
Red: 

Domestic primers, natural, micronized U :t'rr „„ = 2375 

HCC ³o·wiAw / d yd ie a E ates .6600 

Spanish 2-2 0c tuu ⁰⁰ yd lu pt .2950 
Yellow: 

% oi ule ⁰ “;Aqæ f LE uL Eu LLL Le qe ene cde ES .6800 

Gene d ð ð x ⁰ k y ly .2200 


Source: American Paint and Coatings Journal. 


FOREIGN TRADE 


The United States imported 18% more 
iron oxide pigment than it exported in 1984, 
although U.S. exports of pigment-grade iron 
oxides increased 156% in quantity compar- 
ed with those of 1983. This imbalance was 
attributed to low-valued imports, which 
were further discounted, in some cases, 


because of the exceptional strength of the 
U.S. dollar compared with foreign curren- 
cies. Total value of U.S. exports of iron 
oxide pigments was $31.8 million, or $10.3 
million greater than that of U.S. imports, 
however. 
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U.S. imports for consumption of iron 
oxide pigments received from 22 countries, 
primarily European, increased 24% in 
quantity and 29% in value compared with 
those of 1983. Monthly import levels, which 
exceeded corresponding 1983 levels in all 
but January, November, and December of 
1984, peaked in July. U.S. imports of syn- 
thetic iron oxides increased 34% in quantity 
and 32% in value and comprised 78% of all 
imports received. All synthetic iron oxides 
increased in quantity. The most notable, 
synthetic yellow, increased 70% to 12,978 
tons. Average values of synthetic black and 
red grades increased 6 and 10 cents, respec- 
tively, to 31 and 41 cents per pound, while 
synthetic yellow and other grades decreased 
5 and 2 cents to 29 and 33 cents per pound, 
respectively. Synthetic iron oxides were 
received chiefly from the Federal Republic 
of Germany, Canada, Japan, Mexico, and 
the United Kingdom, comprising 46%, 29%, 
14%, 5%, and 3% of total imports, respec- 
tively. U.S. imports of natural iron oxides 
decreased slightly in quantity but increased 
6% in value compared with 1983 levels. The 
most notable decrease, responsible for over- 
all declines in natural imports, was in crude 
umber, which decreased 6% in quantity 
from 1988 levels. Unit values of all natural 
iron oxide imports increased except for 
Vandyke brown and other finished vari- 
eties. Cyprus, the Federal Republic of Ger- 
many, Spain, and the United Kingdom sup- 
plied 93% of all imports of natural iron 
oxides. Finished umber was primarily re- 
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ceived from Cyprus and the United King- 
dom, sienna from Cyprus and Italy, and all 
Vandyke brown imported was received 
from the Federal Republic of Germany. The 
United States also received 122 tons of 
micaceous iron oxide from Austria. Minor 
amounts of crude, finished, and synthetic 
iron oxide were received and stored in 
bonded warehouses for future consumption. 

Periodically, iron oxide pigments also en- 
ter the United States under the combined 
classification, "Iron compounds, other." In 
1984, minor amounts of iron oxide were 
received from Canada under this category. 

U.S. exports of pigment-grade iron oxides 
and hydroxides reached historic high levels 
for the second consecutive year, increasing 
156% in quantity and 54% in value compar- 
ed with those of 1983. These exports were 
received by 49 countries, with Europe, Asia, 
and other North American countries repre- 
senting the largest foreign markets. Chief 
destinations for iron oxide pigments, by 
order of ranking, were the Federal Republic 
of Germany, Japan, Canada, and the United 
Kingdom. Exports to the Federal Republic 
of Germany increased almost threefold over 
1983 levels and had an average value of 27 
cents per pound, a 13% decrease from 1983 
values. Exports of other grades of iron 
oxides and hydroxides decreased 11% in 
quantity and 15% in value compared with 
those of 1983. Main destinations were Ja- 
pan, Venezuela, the United Kingdom, and 
Australia. 


Table 6.—U.S. exports of iron oxides and hydroxides, by country 


1983 
Pigment grade 
Country Quan Value 
ity (thou- 
(short 
tons) sands) 
Algeria 55 $31 
Argentina 12 36 
Australia owe oS 159 207 
Belgium- Luxembourg 92 161 
Brażil tmc 241 700 
Bulgaria... mne n PUN 
Canada c n ncm es 1,920 2,888 
Chifa ———————— aes m m 
Colombia 109 79 
Czechoslovakia « (1) 1 
Denmark 32 121 
Dominican Republic 1 3 
Ecuador 38 40 
»» ee ncs mas 
El Salvador 21 48 
Finland 31 41 
Bfünce  ——— c s eel 380 581 
Germany, Federal Republic of 5,999 3,689 
Hong Kong 425 912 


See footnotes at end of table. 


1984 
Other grade Pigment grade Other grade 

pied Value Quan Value Quan Value 

y (thou tity (thou tity (thou 

(short (short (short 

tons) sands) tons) sands) tona) sands) 
ee x 115 $88 ur 
1 $3 8 26 (7) $2 
246 645 97 148 263 598 
381 664 250 357 113 207 
115 235 176 657 137 530 
20 78 (4) 1 27 59 
324 490 2,521 3,659 186 372 
112 363 __ ate (4) 1 
8 9 61 41 19 30 
20 77 60) 1 PE a 
2 2 17 54 2 2 
uc es (3) 2 28 25 
7 7 60 105 8 9 
30 18 ut ERS 33 20 
D. Me 19 38 2 3 
mE 23 34 "e "M 
12 135 535 810 135 286 
163 823 23,210 12,473 64 152 
"M ES 325 575 18 62 
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Table 6.—U.S. exports of iron oxides and hydroxides, by country —Continued 


1983 1984 
Pigment grade Other grade Pigment grade Other grade 
s Quan- Value Quan — vane Quan Vale Quar value 
(short (thou- ishort (thou- (short (thou- . (short (thou- 


Indones a 452 5629 ies pus t. 2 zit 
Ireland |... 23 81 z 51 $163 = 
Israel - 62 $253 3 $6 
/; AAA 286 2,167 39 140 301 1.744 62 128 
Jamaica 
Japaoe nns 486 1.119 1,914 5,896 2,132 3,985 1,658 4,833 
Korea, Republicof -—------- 558 120 44 138 259 199 11 36 
Malaysia 19 13 30 66 21 44 40 88 
Mexico ooo 47 89 167 666 236 369 188 394 
Netherlands 51 100 269 849 60 200 56 201 
New Zealanß did 4 12 3 6 8 14 11 26 
Norw-'dayůů ine NR 19 94 Ln "e EP — 
Oman oon et 8 n ms EM TM TM To 204 164 
Panama 4 9 10 9 30 38 ae a 
Peru `- 11 7 7 6 22 ` 19 1 1 
Philippines 11 19 4 9 21 18 3 8 
Saudi Arabia . 6 11 ahs a Tm ET US een 
Singapore 34 106 290 336 37 58 170 565 
South Africa, Republic of 24 65 ue 8 11 24 1 5 
Spain ----------------— 9 41 (1) l 12 30 33 12 
Sweden EN Mb 5 11 6 43 4 10 
Switzerland 3 4 t 2 24 84 1 4 
Taiwans 16 44 2 4 42 168 21 46 
Thailand 32 30 Cf es 24 29 2 4 
Tunisia ae as ET d iio MS 58 78 
Turkey P EH TM NET 16 160 das MT 
United Arab Emirates m sot 22 30 me EN 10 14 
United Kingdom 892 5,583 311 618 896 4,920 313 132 
Uruguay --------------- 3 3 ees ine 10 11 6 4 
Venezuelaaa 137 197 77 233 158 361 340 1,029 
Yugoslavia - - -----------—- E dra. 6 11 EMT a 48 84 
Other --—------------— r26 151 T9 111 25 69 10 14 
Total?_ dd 12,661 20,692 4.799 12,882 32, 428 31.832 4,292 10,909 
r Revised 


Less than 1/2 unit. 
2Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 


Table 7.—U.S. imports for consumption of iron oxide pigments, by type 


1983 1984 
Type Quantity Value Quantity Value Major sources, 1984 
(short tons) (thousands) (short tons) (thousands) 
Natural: 
Crude: 

Ocher __________- (1) (1) 7 531 „ Japan 3; Switzer- 
an 

Sienna 44 818 38 22 United Kingdom 20; Italy 
16: Japan 2. 

Umbeer 6,317 898 5,963 860 Cyprus 5,415; United King- 
dom 368; Portugal 117; 
Ireland 63. 

Other 54 53 134 142 Mexico 46; West Germany 
21; Cyprus 20; United 
Kingdom 19; Japan 13. 

Total? | 6,415 969 6,143 1,054 
Finished: 

Ocher «— use (1) 3 (1) (1) 

Sienna. ---------- 97 38 122 50 i uE 55; Italy 44; Mexico 

Umber_---------- 323 98 438 152 5 282; United King- 

om 149 

Vandyke brown 169 309 659 244 West Germany 659. 

Other 787 289 862 302 Spain 655; Austria 122; 
Netherlands 51. 

Total sac bene 1,976 737 2,081 748 


See foot notes at end of table. 
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Table 7.—U.S. imports for consumption of iron oxide pigments, by type —Continued 


1983 1984 


Type Quantity Value Quantity Value Major sources, 1984 
` (short tons) (thousands) (short tons) (thousands) 


Synthetic 
Black «nme 503 $255 614 $386 West Germany 524; Nether- 
lands 40; United Kingdom 
30; Japan 16. 
Red ` 2 2222222 4,453 2,131 5,690 4,634 Japan 2,126; West Germany 


2,004; Canada 752; United 
Kingdom 384; Mexico 152. 

velloWWW?s _ 7,640 5,121 12,978 7,525 West Germany 9,737, Mexi- 
co 1,446; Canada 745; Ja- 
pan 490; United Kingdom 
325; Brazil 156. 


Other? _____________ 9,760 6,871 10,733 7,174 Canada 7,355; Japan 1,514; 
West Germany 1,413; 
Belgium-Luxembourg 
176; Netherlands 134. 
Total? ________ 22,356 14,978 30,015 19,720 
Grandtotal? “aoa 1689 38299 21523 


1Less than 1/2 unit. 
2Data may not add to totals shown because of independent rounding. 
3Includes synthetic brown oxides, transparent oxides, and magnetic and precursor oxides. 


Source: Bureau of the Census. 


Table 8.—U.S. imports for consumption of iron oxide and iron hydroxide pigments, 


by country 
Natural Synthetic 
1983 1984 1983 1984 
any Quan- Value Quan- Value Quan- Value Quan- Value 
tity (thou- tit), thou. tty (thou- tity (thou- 
(short d (short d (short d (short d 

tons) sands) tons) sands) tons) sands) tons) sands) 
Australian 20 $10 ETE ee 53 $23 ete Ge 
Austria 59 37 122 864 MK e pci an 
Belgium- Luxembourg 21 6 9 6 58 17 218 $65 
Brazil... zm meé TOS i Ee Ton 56 31 300 163 
Canada ______________ - 26 13 12 64 7,461 1,937 8,851 2,550 
China. ln 8 ED PS SN 10 
C/ ((( 6.550 968 5,772 889 nee in Tn NUN 
Fran de 24 61 14 10 
Germany, Federal Republic of 793 318 688 269 10,198 6,084 13,678 6,936 

Ireland . .. A c 63 9 T "M Ei " 
ETI 48 22 80 40 ur 16 12 
ö 8 3 17 18 76 3,127 6,086 4,146 8,176 

Mexico _______________ 23 9 68 47 786 313 1.603 78 
Netherlands 24 17 52 52 20 6 194 79 
Norway- - ------------- (2) (#) Xu x TA: — 24 19 
Portugalalal 76 23 117 17 dys a ed 
palin zone LAE LL 556 127 660 121 160 29 116 22 
Sweden = um 2a FN 4 102 20 378 
United Kingdom 147 73 559 119 424 239 817 482 
Other ---------------- 21 5 1 1 16 7197 14 30 
Total? 222: obo eke 8,391 1,706 8,224 1,802 22,356 14,978 30,015 19,720 

"Revised. 


!Less than 1/2 unit. 
?Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 
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WORLD REVIEW 


World mine production of natural iron 
oxide pigments for reporting countries in- 
creased compared with that of 1983. In 
addition to these countries, other countries 
undoubtedly produce natural iron oxide 
pigments including, but not limited to, the 
centrally planned economy countries. Natu- 
ral red iron oxide was produced primarily 
by India and Spain; yellow ocher was pro- 
duced principally by France, Spain, the 
Republic of South Africa, and the United 
States; and sienna was mainly produced by 
Cyprus and Italy. Cyprus was the major 
umber producer, Austria was the principal 
micaceous iron oxide producer, and the 
Federal Republic of Germany was the main 
Vandyke brown producer. 

World synthetic iron oxide production 
capacity has been estimated at about 
630,000 tons per year, with Europe account- 
ing for roughly 66% of total capacity. Syn- 
thetic iron oxides comprise the largest per- 
centage of colored inorganic pigment pro- 
duction and are estimated to make up 
15.5% of total inorganic pigment production 
capacity, which includes titanium dioxide.* 
Their popularity is attributed to perform- 
ance/price relationship. Iron oxides exhibit 
high tinctorial strength and hiding power, 
chemical resistance, lightfastness, and 
weatherfastness at low pigmentation costs. 
Synthetic iron oxides have also made con- 
tinuous gains in total market share over 
natural iron oxides because of product con- 
sistency, higher tinting strengths, and more 
saturated color shades compared to natural 
grades. Principal world producers of syn- 
thetic iron oxides include the Federal Re- 
public of Germany, the United pates Ja- 
pan, Mexico, and Brazil. 

Cyprus.—Umber, ocher, and sienna de- 
posits are found in upper Cretaceous sedi- 
ments of the Perapedhi Formation in areas 
surrounding the Troodos Massif and the 
Troulli inlier. Umber Corp. of Larnaca Ltd. 
holds leases to nearly all the umber mines 
in Cyprus. In 1983, the company reportedly 
mined 14,900 tons of crude umber, which 
was sold to local producers for further 
processing. Another company, Cyprus Um- 
ber Industrial Co. Ltd., has the capacity to 
mine 11,000 tons of umber per year and 
produces raw and burnt crude, finished, and 
micronized grades of umber and sienna. 
These products are mainly marketed in the 
United States, Egypt, and Denmark. Manto- 


vani Umber Industries Co. Ltd. is Cyprus's 
largest exporter of raw and burnt crude 
umber. Between 6,600 and 8,800 tons of 
umber are mined per year and blended into 
10 different colors from 5 basic grades. Main 
exports are to the United States and the 
United Kingdom. Oryktaco Ltd. also pro- 
duces and exports limited quantities of raw 
and burnt umber to the United Kingdom. 
Total production of umber declined from a 
high of 29,800 tons in 1980 to 17,600 tons in 
1983, and exports, which varied greatly over 
this period, were 9,400 tons in 1983 accord- 
ing to statistics from the Cyprus Mines 
Service. Exports were expected to remain at 
about the same levels in 1984 for most of 
these companies.’ 

Japan.—Fuji Titanium Industry Co. Ltd. 
has produced a superfine iron oxide as a 
result of the company's development work 
in powders for ceramic capacitors and high- 
technology industries. The iron oxide, 
which has granules of submicrometer diam- 
eter, offers the highest ultraviolet absorp- 
tivity ever found in inorganic materials, 
according to the company, and can add 
transparency to paints and resins when 
used in them.* 

Toda Kogyo Corp. announced plans to 
begin construction of a 550-ton-per-month 
iron oxide facility in Otake City. The facili- 
ty will be built at a cost of $4 million and is 
scheduled for completion in November 1985. 
The product iron oxide will be used in 
ferrite manufacture, specifically, in plastic 
magnets.? 

Dowa Mining Co. Ltd., a producer of iron 
oxide for ferrite manufacture, was schedul- 
ed to resume operation of a 1,100-ton-per- 
month iron oxide line during the summer of 
1984, thus bringing its operating level to 
3,700 tons per month.“ 

According to the Japan Inorganic Chemi- 
cal Industry Association, sales of iron oxide 
were forecast to increase 9% from 156,000 
tons in 1983 to 170,500 tons in 1984. Magnet- 
ic material end uses were expected to domi- 
nate these sales, increasing 13% to 125,600 
tons, as strong sales in office automation, 
audio, and video equipment increased de- 
mand for hard and soft ferrites and magnet- 
ic material. Other major sales areas for 
domestically produced iron oxides and their 
projected end-use increases were paint, 496 
to 15,100 tons; printing inks, 6% to 1,700 
tons; synthetic resins, 5% to 1,400 tons; and 
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ceramics and paper, 2% and 1% to 1,200 
and 800 tons, respectively. Engineering, 
building, and other end uses were estimated 
to decrease 5%, 2%, and 3% from 1983 
levels to 3,500, 2,500, and 1,700 tons, respec- 
tively. Exports were expected to decrease 
6% to 17,000 tons. Major iron oxide produc- 
ers in Japan include Rikon Sangyo Co., 
Chemilite Kogyo Co., Morishita Bengara 
Kogyo Co. Toda Kogyo, Nippon Benhei 
Kogyo Co., Nishiumi Kogyo Co., and Titan 
Kogyo Co. Ltd. Nisshin Ferrite Co. began 
production of an intermediate calcined pow- 
der for use in ferrite magnets in the third 
quarter of 1984. Production within the year 
was expected to be 165 to 220 tons per 
month. 

Reportedly, shortages of iron oxide suit- 
able for soft ferrite manufacture are begin- 
ning to'be felt, and the threat of growing 
shortages are of concern as sales of these 
ferrites continue to grow at large but cycli- 
cal rates, and stocks of raw materials for 
iron oxide manufacture dwindle. Further- 
more, shortage of materials for hard ferrite 
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manufacture may occur as iron oxides suit- 
able for use in higher valued soft ferrites 
are diverted from their manufacture. Stocks 
of hydrochloric acid waste, feedstock for 
about 75% of available iron oxide used for 
ferrite manufacture in Japan, have been 
severely depleted and, to compound mat- 
ters, many steel manufacturers have plans 
to convert from hydrochloric acid bath 
treatment of thin sheet steel to abrasive 
methods. Other suitable methods of iron 
oxide manufacture exist but are not pres- 
ently cost-effective because of the lower cost 
regenerator oxides. One promising method, 
iron oxide production from sulfide ores, is 
presently limited by the cost of removing 
silica impurities to meet soft ferrite specifi- 
cations. Present manufacturers of regenera- 
tor oxide are Tetsugen Co., Toda Kogyo, 
Rikon Sangyo, Kashima Denshi Zairyo Co., 
Nishiumi Kogyo, Santetsu Kogyo Co., and 
Chemilite Kogyo. Iron sulfide producers are 
Dowa Mining, Toda Kogyo, and Rikon 
Sangyo.!? 


Table 9.—Natural iron oxide pigments; World mine production, by country! 


(Short tons) 
Country? 1980 1981 1982 1983P 19849 
ATPenunB.-. --------------—-------— 1,053 815 1,027 940 990 
! ³⁰˙·wmum. ⁰.- ͤ ⁰ ids uu 925 "E E E. 
Aust rl. 8 12,080 12,478 10,549 12,935 12,700 
Brazil oi 1 T ID EE 1,126 4,518 5,811 r &6 600 6,600 
Canada" «oo AAA etu Sec an 3,100 3,100 3,100 3,100 3,100 
Chile z eS ces eiie aa y rer 4,906 5,390 2,695 1,442 6,600 
)))) oU tele A ea E 129,983 22,046 22,046 17,631 16,500 
CCC CP y HU 139 €140 *160 (3) SE 
France? -2 222222222222- 17,600 16,530 717,600 717,600 16,500 
Germany, Federal Republic off . . . . ... 27,193 24,828 20,491 21,921 22,000 
J7/JööÜ5'o k y eet Roig ONES 95,017 87,778 93,464 97,701 99,200 
I!ö· ³ ÜÜ]oÜ.w- eL M AU La 550 550 550 660 660 
/öô·Ü— ˙ 8 1.100 1.000 900 1,000 900 
MOFOCCO — omes 88 133 hd me E 8 
C1;ÜÜ;öüä] mt 8 359 1491 2,082 848 1.100 
Paraguay 220 220 130 1200 190 
mies Africa, Republic of—— ------ 1,510 71,430 2,355 1,861 1,100 
pain: 
e d ee ne tes 15,097 17,110 12,907 10,890 11,000 
Red iron oxide 27,600 27,600 25,000 22,000 22,000 
United States 133,774 128,731 28,082 26,499 699 307 
Zimbabwe® ________________________ 1,100 1,320 1,100 1,100 1,100 
“Estimated. Preliminary. Revised. 


Table prepared by Audrey D. Wilkes, Division of International Minerals; includes data available through Apr. 9, 1985. 
2In addition to the countries listed, a considerable number of others undoubtedly produce iron oxide pigments, but 
output is not reported, and no basis is available for formulating estimates of output levels. Such countries include (but are 
not limited to) China and the U.S.S.R. Because unreported output is probably substantial, this table is not added to 


provide a world total. 
Revised to zero. 
*Includes Vandyke brown. 


*Iranian calendar year (Mar. 21 to Mar. 20), beginning in the year stated. 


SReported figure. 


TECHNOLOGY 


At the 1984 American Foundrymen's So- 
ciety Casting Congress, a panel discussed 
the effects of iron oxide additions in metal 
casting practices. It was noted that black 


and red iron oxides affected gas content, 
veining, and other undesirable conditions 
found in these processes. Red iron oxides 
were noted to be more beneficial than black 
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when used in steel castings. Addition of 1% 
to 326 iron oxide in sand molds for gray iron 
castings suppressed circumferential and 
midline veining, with red iron oxide again 
being more effective than black. Iron oxide 
additives release oxygen on a controlled 
basis minimizing surface defects. is 

A study has been completed on the histo- 
ry, usage, testing, and evaluation of mica- 
ceous iron oxide (MIO) in anticorrosive 
paints. MIO has been used extensively in 
undercoats and finishing paints over the 
last 80 years for corrosion protection of 
engineering structures all over the world. 
Many of these structures have lasted up to 
20 years between coatings. The performance 
of MIO has been attributed to the parallel 
orientation of its lamellar particles to paint 
film surfaces that form a protective barrier, 
reducing water penetration and ultraviolet 
degradation of the paint film. Of currently 
available lamellar and granular natural 
iron oxide pigments tested, MIO from Wal- 
denstein, Austria; France; and South Dev- 
on, United Kingdom, were found to give the 
best protection. Pigment volume concentra- 
tions of 40% to 50% were found to be ideal 
for good corrosion protection and weather 
resistance when used in a urethane oil 
modified alkyd medium. Various extenders 
such as barites, china clay, mica, talc, and 
titanium have been used with high levels of 
MIO with no effect on pigment orientation 
or corrosive protection.“ 

Along with 137 other technical commit- 
tees of the American Society for Testing 
and Materials (ASTM), Committee D01 on 
Paint and Related Coatings and Materials is 
addressing the quality of testing and mate- 
rials through standardization to conform 
with environmental, producer, and user 
needs and requirements. D01 consists of 28 
technical subcommittees with subcommit- 
tee D01.31 dealing with pigment properties. 
At the subcommittee level, representatives 
of affected interests are recruited to form 
voluntary task groups to attain an ethical 
balance of interests among producers, users, 
and regulators in the identification and 
adoption of standards. Presently, about 500 
ASTM paint standards exist, of which 300 
are test methods; 140 cover specifications of 
identity, not performance, of 60 volatile 
solvents, 50 pigments, and 30 drying oils 
and their derivatives; and practices or 
guides for selection and use of test methods 
comprise 60. These standards are available 
in volumes 6.01, 6.02, and 6.03 among 
ASTM's 66 volumes of standards. ASTM is 
complimentary to other domestic standards 
groups, and D01 subcommittees are in di- 
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rect contact with counterpart subcommit- 
tees of various foreign standards groups 
such as the British Standard Institution, 
the Federal Republic of Germany Deutsche 
Industrie Normen (DIN) organization, and 
with Technical Committee 35 on paints of 
the International Standards Organization 
(ISO).:5 

The second edition of Outlines of Paint 
Technology, a two-volume set, was publish- 
ed. Volume 1 addresses materials including 
pigments, solvents, plasticizers, drying oils, 
resins, varnishes, and aqueous media. The 
second volume contains information on fin- 
ished products. Among the topics covered 
are fundamentals; pigmentation; pigment 
dispersion; protection of metals; primers; 
decorative and building paints; industrial, 
marine, and miscellaneous finishes; per- 
formance and weathering; and testing and 
evaluation.'¢ 

The Institute of Glass Science and Engi- 
neering was established at Alfred Universi- 
ty, in the College of Ceramics, for the 
purpose of conducting research on new 
methods of glass production, strengthening 
and reducing the weight of glass containers, 
and the use of glass casings to store nuclear 
wastes. Glass is one of the minor end uses 
for oxide pigments.?” 


„Physical scientist, Division of Ferrous Metals. 

"Unless otherwise specified, the unit of weight in this 
chapter is the short ton. 

3Bureau of the Census (Dep. Commerce). Paint, Varnish, 
and Lacquer. Rep. M28F (monthly), 1984. 

*American Paint and Coatings Journal. '84 Construction 
Value Sets Record. V. 69, No. 34, Feb. 4, 1985, pp. 16-18. 

5Modern Plastics. Special Report: Additives. The Un- 
ending Stream: Over 200 New Ones Just This Year Alone. 
V. 61, No. 9, Sept. 1984, pp. 61-85. 

*Koxholt, P. M. Iron Oxide Pigments—‘‘The Largest 
Color.” Pres. at Int. Conf. on Pigments and Extenders, 
Atlanta, GA, Nov. 29-30, 1984, 13 pp.; available from P. M. 
Koxholt, Mobay Chemical Corp., Pittsburgh, PA. 

"Industrial Minerals (London). The Industrial Minerals 
of Cyprus. No. 207, Dec. 1984, pp. 21-35. 

5Japan Chemical Week. Fuji Titanium Develops Super- 
Fine Iron Oxide. V. 25, No. 1291, Dec. 27, 1984, p. 11. 

9— ——. Toda Kogyo To Build New Factory for Iron 
Oxide for Ferrite. V. 25, No. 1260, May 24, 1984, p. 2. 

9——-—. Dowa Will Resume Iron aride Plant Oper- 
ation. V. 25, No. 1256, Apr. 26, 1984, p. 6 

11 Roskill Information Services Ltd. (London). Roskill's 
Letter From Japan. Iron Oxide: 1984 Sales Forecast To 
Rise 9% to 155,000 Tons. RLJ No. 104, Dec. 1984, pp. 10-13. 

12______ Iron Oxide: Shortage of Raw Materials for Soft 
Ferrites. RLJ No. 102, Oct. 1984, pp. 17-21. 

13 Foundry Management and Technology. Highli x 
1984 AFS Casting Congress Part IV. V. 112, No. 9, 

1984, pp. 86-94. 

14Bishop, D. M., and F. G. R. Zobel. Micaceous Iron 

Oxide Paints. J. Oil Colour Chem. Assoc., v. 66, No. 3, 1983, 


J. C. What Does ASTM Mean to Coatings 

Research and Development? Mod. Paint and Coatings, 
v. 73, No. 9, Sept. 1983, pp. 51-54. 

. ASTM Environs Are Worldwide. Am. Paint and 

Coatings J. Conv. Daily, v. 69, No. 19, Oct. 26, 1984, pp. 21- 


16Morgans, W. M. Outlines of Paint Technology. V. 1, 
Materials; v. 2, Finished Products. Wiley, 1984, 534 pp. 

l Chemical and Engineering News. V. 62, No. 22, May 
28, 1984, p. 25. 


Digitized by Google 


Iron and Steel 


By Frederick J. Schottman! 


Steel production and shipments contin- 
ued to recover from the very low levels of 
1982. However, capability utilization re- 
mained low, and strong competition re- 
strained prices. Many companies continued 
to lose money on steel operations. 

The structure of the U.S. industry was 
changed by a merger of two of the largest 
companies and by closings of older plants. 
Japanese steel companies made significant 
investments in the U.S. industry through 
joint ventures or purchase of stock in do- 
mestic steel companies. 

Imports rose to record-high levels and 
U.S. companies sought protection through 


the trade laws. Late in the year, the Admin- 
istration began a 5-year program to control 
injury to the U.S. industry and to restrict 
unfairly traded imports. In the program, 
agreements to restrict exports of steel to the 
United States were negotiated with major 
supplier countries. 

World production increased but remained 
below capacity. Competition between ex- 
porters was strong, and in many countries 
there were complaints of unfairly traded 


Steel. Companies in most mature industrial- 


ized countries, including Japan, made cut- 
backs in capacity because of imports or lost 
export markets. 


Table 1.—Salient iron and steel statistics 
(Thousand short tons unless otherwise specified) 


1980 1981 1982 1983 1984 
United States 
Pig iron: 
Production- --- -—------------——- 68,699 73,755 43,342 48,770 51,961 
Shipments___________________~_ 69,445 14,218 43,449 49,081 52,164 
Annual average composite price, per ton! _ $203.00 $204.66 $213.00 $213.00 $213.00 
Export: 73 16 54 57 
Imports for consumption? 400 468 322 242 102 
Steel? 
Production of raw steel: 
Carbon oo ee ae 94,689 101,462 64,143 73,783 79,918 
tainles -——-------------—- 1,701 1,743 1,235 1,750 1,772 
All other alloy __ _____________ 15,445 17,623 9,198 9,082 838 
/ ͤ ͤ ee 111.835 120, 828 474,577 84,615 92,528 
Capability utilization? |... cent. 72.8 78.3 48.4 56.2 68.4 
Neu 1 of steel mill products” RT 83,853 88,450 61,567 67,584 78,740 
Finished steel annual average composite 
price 2. cents per pound. 21.655 24.224 25.271 26.190 27.313 
Exports of major iron and steel products? _ 4,129 8,557 2,367 1,589 1,413 
.. Imports of major iron and steel products? 16,355 20,818 17,385 17,964 27,488 
World production: 
Pig ireoe-tn 566,650 "553,632 504,352 510,506 2 539,216 
Raw steel (ingots and casting) .....- T7389 528 1779,625 709,927 P730,291 €778,928 
‘Estimated. PPreliminary. "Revised. 
Hron Age. 
2Bureau of the Census. 


3American Iron and Steel Institute (AISI). 


Data do not add to total shown because of independent rounding. 
5Raw 78 production capability is defined by AISI as the tonnage capability to produce raw steel for a sustained full 


order 


509 


510 


Domestic Data Coverage.—Domestic da- 
ta for the iron and steel industry are devel- 
oped by the Bureau of Mines from the 
annual "Blast Furnace and Steel Furnace 
Report." Of the 40 steel operations to which 
a survey request was sent, 93% responded, 
representing 91% of the total pig iron 
production shown in table 1. Production for 
nonrespondents was estimated using data 
from prior year reports and from published 
information. 

Legislation and Government Pro- 
grams.—Several legal issues were settled to 
allow the iron and steel industry, as well as 
other industries, to use “bubble” plans to 
reduce the cost of achieving pollution con- 
trol standards. Under a bubble plan, total 
emissions of a pollutant from an entire 
plant are regulated rather than from each 
source in the plant. The owner is allowed to 
choose the least costly means to achieve 
control for the entire plant even if emis- 
sions for particular sources exceed source 
standards. In one case, the U.S. Supreme 
Court upheld the use of bubble plans for air 
pollution in geographical areas that have 
not yet attained clean air standards. The 
Environmental Protection Agency (EPA) 
had approved such plans for steel compa- 
nies beginning in 1981. The EPA also issued 
rules for bubble plans for control of water 
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pollution from iron and steel plants. In a 
compromise that settled lawsuits by an 
environmental group and by steel compa- 
nies, the new rules require that total emis- 
sions under the bubble plan of toxic and 
"conventional" (nontoxic) pollutants be re- 
duced 15% and 10%, respectively, below the 
quantities permitted under point source 
rules. 

The EPA was studying stronger regula- 
tions for certain coke oven emissions that 
were suspected of being dangerous to public 
health. New rules were proposed for ben- 
zene emissions from coke-byproduct recov- 
ery plants. Those rules were estimated to 
cost owners of coke plants about $24 million 
for capital costs. 

An omnibus trade law contained several 
sections specific to the iron and steel indus- 
try. The law gave the President authority to 
enforce bilateral steel trade agreements 
negotiated with exporting countries, but 
required that steel companies with annual 
raw steel production over 1.5 million short 
tons reinvest in the steel industry substan- 
tially all of their net cash flow from steel 
operations. In addition, they were required 
to spend 1% of net cash flow on retraining 
for laid-off steelworkers. The law also re- 
quired country-of-origin markings on all im- 
ported iron and steel pipe and fittings. 


DOMESTIC PRODUCTION 


Raw steel production and steel shipments 
increased again in 1984 recovering from the 
very low levels of 1982. However, raw steel 
production remained below 93 million tons 
for the third straight year. As in 1983, raw 
steel production increased early in the year 
but declined in the second half. Capability 
utilization, as reported by the American 
Iron and Steel Institute (AISD, exceeded 
80% in April and May but dropped below 
60% in the last quarter. AISI reduced its 
estimate of domestic raw steel capability to 
135.3 million tons in 1984 compared with 
150.6 million tons in 1983. 

Although production in basic oxygen fur- 
naces (BOF) was little changed, production 
in electric furnaces increased to near 
record-high levels. Despite a long-term de- 
cline, production in open-hearth furnaces 
also increased significantly. Uncertain mar- 
kets and relatively low-priced scrap favored 
the use of the more flexible open-hearth and 
electric furnaces rather than restarting idle 
blast furnaces to increase BOF production. 
Open-hearth furnaces, BOF's, and electric 


furnaces produced 9.0%, 57.1%, and 33.9%, 
respectively, of domestic raw steel. Several 
new continuous casters began operation, 
and the percentage of steel that was contin- 
uously cast rose to 39.6 from 32.1 in 1983. 

Total shipments increased about 9% com- 
pared with those of 1983, but gains in 
shipments to various industries were un- 
even. After large increases in 1983, ship- 
ments to the automotive, appliance, and 
construction industry were little changed in 
1984. Shipments to the machinery and in- 
dustrial equipment industry increased 18% 
as the economic recovery led to increased 
capital investment. However, shipments for 
machinery and equipment for the depressed 
agricultural sector continued to decline. 
After 2 years of steep decline, shipments to 
the oil and gas industry increased 61% after 
large excess inventories were worked off. 
However, these shipments were still less 
than one-third of those in either 1980 or 
1981. 

Domestic shipments of ferrous castings 
increased 16% compared with those in 1983, 
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according to U.S. Department of Commerce 
data. Steel castings reversed a decline that 
had continued in 1983 despite the overall 
recovery. Shipments included 8.01 million 
tons of gray iron, 2.61 million tons of ductile 
iron, 0.36 million tons of malleable iron, and 
0.96 million tons of steel castings. 

Despite higher shipments, continued low 
operating rates plus strong price competi- 
tion prevented many steel companies from 
operating profitably. Of the five largest 
Steel companies, which produce over one- 
half of domestic steel, only one was profit- 
able in 1984. The industry continued to 
reduce costs by closing unneeded or ineffi- 
cient capacity and by trying to raise produc- 
tivity. Although production increased, total 
annual average industry employment re- 
ported by AISI declined from 243,000 in 
1983 to 236,000 in 1984. Annual average 
hourly employment increased slightly from 
1983 to 1984, but by December both hourly 
and salaried employment were at record 
lows. AISI reported that average employ- 
ment costs for hourly employees declined 
slightly to $21.298 per hour for wages and 
benefits. 

The Jones & Laughlin Steel Corp. (J&L), 
a subsidiary of LTV Corp., and Republic 
Steel Corp. merged to form the LTV Steel 
Co. To overcome antitrust objections from 
the U.S. Department of Justice, the compa- 
nies agreed to sell the integrated steel mill 
at Gadsden, AL, and the stainless sheet 
finishing mill at Massillon, OH. By yearend, 
the Massillon plant was sold to CDH Metals 
Inc., owner of steel distribution centers. The 
Gadsden plant was spun off as an independ- 
ent Gulf States Steel Corp. but a buyer was 
not immediately found. The new LTV Steel 
was the second largest domestic steel pro- 
ducer with a capacity of about 24 million 
tons per year of raw steel. However, capaci- 
ty was expected to be reduced to about 19 
million tons within a few years as oper- 
ations from the two companies were consoli- 
dated. 

United States Steel Corp. (USS) proposed 
buying the National Steel Corp. subsidiary 
of National Intergroup Inc. However, the 
. deal was canceled because of antitrust ob- 
jections. Later, however, National Inter- 
group sold a 5046 interest in National Steel 
to Nippon Kokan KK, Japan's fourth larg- 
est steel company. 

Another Japanese steel company, Nisshin 
Steel Corp., bought a 10% interest in 
Wheeling-Pittsburgh Steel Corp. (W-P) and 
planned a joint venture with W-P to build a 
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$40 million steel sheet coating plant at 
Follansbee, WV, within 2 years. 

USS completed a major consolidation of 
its operations and reduced its raw steel 
capacity about 2096. Closures affected vari- 
ous blast furnaces, BOF's, and rolling mills, 
and USS eliminated wire and rail from its 
product lines. A foundry at Johnstown, PA, 
which produced cast rolls, was to be closed 
but was instead sold to a new company, 
Johnstown Corp. The company was set up 
with the aid of a $4 million Federal urban 
development grant and $1 million loan from 
Pennsylvania. USS restarted ironmaking 
and steelmaking at its Fairfield, AL, plant 
after a 2-year shutdown. A new bloom 
caster at the mill was being built to supply 
blooms to the 600,000-ton-per-year seamless 
pipe mill opened at Fairfield in 1983. A new 
slab caster was also planned. 

Rolling mills at the old Kaiser Steel Corp. 
plant in Fontana, CA, were restarted to roll 
imported slab into finished steel. The plant 
was bought by a new company, California 
Steel Industries Inc., which is owned 50% 
by a U.S. investor, and 25% each by Cia. 
Vale do Rio Doce (CVRD) of Brazil and 
Kawasaki Steel Corp. of Japan. CVRD and 
Kawasaki were also part owners of the new 
Cia. Siderúrgica de Tubarão plant in Brazil 
that was supplying much of California 
Steel's slab needs. 

The steel industry began major additions 
to galvanizing capacity, largely in response 
to the automobile industry's need for better 
corrosion resistance. Most of the new capac- 
ity was for electrogalvanizing, which pro- 
vides a better surface appearance than hot- 
dip galvanized. Bethlehem Steel Corp. was 
converting a 48-inch electrotinning line at 
Burns Harbor, IN, to start up in 1985. Other 
companies and partnerships were building 
new 72-inch wide electrogalvanizing lines 
intended to start up in 1986 in time for the 
1987 automobile model year. These lines 
included a $50 million, 400,000-ton-per-year 
line at the Middletown, OH, plant of Armco 
Inc., and a $70 million, 400,000-ton-per-year 
line at the Ecorse, MI, plant of National 
Steel’s Great Lakes Steel Div. Bethlehem 
Steel, Inland Steel Co., and Pre-Finish Met- 
als Inc. were to jointly build an $80 million, 
400,000-ton-per-year line at Pre-Finish Met- 
als’ Walbridge, OH, plant. USS and the 
Rouge Steel Co., a subsidiary of Ford Motor 
Co., formed the Double Eagle Steel Coating 
Co. to build a 560,000- to 700,000-ton-per- 
year line at Dearborn, MI. LTV Steel was 
to hold a 60% interest in a 400,000-ton- 
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per-year joint venture line with Sumitomo 
Metal Industries Ltd. of Japan. Meanwhile, 
Metaltech Investments Inc., a new compa- 
ny, planned to reopen a hot-dip galvanizing 
line in Pittsburgh, PA, that was closed by 
J&L in 1981. 

Integrated steel mills continued to add 
continuous casting capacity. Bethlehem 
started an $85 million caster to supply 
billets to its Steelton, PA, rail mill. Slab 
casters were planned to start up in 1986 at 
Burns Harbor, IN, and Sparrows Point, MD. 
These two casters will add 5.1 million tons 
per year of capacity and give Bethlehem the 
ability to continuously cast 90% of its pro- 
duction. Rouge Steel ordered a two-strand 
variable width slab caster for its plant in 
Dearborn, MI. The 1.8-million-ton-per-year 
caster will allow Rouge Steel to continuous- 
ly cast about one-half of its production. 

Specialty steel companies were expanding 
their capabilities in 1984. Babcock & Wilcox 
Co. completed a new electric-furnace melt 
shop at Koppel, PA. The $80 million shop 
includes an ultrahigh-power furnace, a la- 
dle metallurgy station, and a four-strand 
billet caster and added 300,000 tons per year 
of raw steel capacity. Quanex Corp. started 
production at its 280,000-ton-per-year spe- 
cialty bar mill in Fort Smith, AR. Timken 
Co. was continuing construction of a $500 
million greenfield steel plant at Canton, 
OH. The plant will be able to produce about 
500,000 tons of raw steel per year from a 
106-megavolt-ampere, 160-ton electric fur- 
nace. The plant will use ladle refining and 
bottom poured ingots to produce special- 
quality steels. Allegheny Ludlum Steel 
Corp. bought the Lockport, NY, plant of the 
bankrupt Guterl Special Steel Corp. The 
plant includes vacuum furnaces and elec- 
troslag furnaces that Allegheny lacks in its 
other specialty steel plants. Ellwood 
Uddeholm Steel Co. will convert a closed 
foundry in Ellwood City, PA, to melt and 
cast bottom-poured forging ingots. A 35-ton 
electric furnace and vacuum ladle furnaces 
will be installed. 

Two companies were preparing to build 
minimills to produce seamless pipe. Nation- 
al Tube Co., formerly York-Hanover Seam- 
less Tube Inc., planned to begin construc- 
tion in early 1985 on a 250,000-ton-per-year 
plant in Pine Bluff, AR. Tubular Corp. of 
America planned a $350 million, 450,000- 
ton-per-year mill in Muskogee, OK, where 
the company has a tube finishing plant. 

Several minimills were expanding or add- 
ing equipment. New Jersey Steel Corp., 
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Sayerville, NJ, planned to increase its melt- 
ing capacity from 240,000 to 400,000 tons 
per year before the end of 1986. Improve- 
ments were to include a new electric fur- 
nace and scrap preheating equipment. Con- 
tinental Steel Corp., Kokomo, IN, installed 
a used rod mill bought from USS and 
ordered an eight-strand continuous caster. 
Raritan River Steel Co., Perth Amboy, NJ, 
prepared to increase the speed of its rod 
mill by about 25% and planned to modify its 
electric furnace for greater capability in 
1985. A continuous caster was also being 
installed by Thomas Steel Corp. in Lemont, 
IL. 

Two unusual minimill projects were start- | 
ed. Ground was broken for a 600,000-ton- 
per-year coiled plate mill by Tuscaloosa 
Steel Corp., Tuscaloosa, AL. At least initial- 
ly, the mill was to roll purchased semifin- 
ished slab. Connecticut Steel Corp., con- 
trolled by Korf KG, was to convert the 
former Yale Steel Corp. mill in Wallingford, 
CT, to a 200,000-ton-per-year micromill. The 
plant was to use a Korf Energy Optimizing 
Furnace (EOF). The EOF, which was devel- 
oped and has been used in Brazil, uses 
pulverized coal and oxygen for fuel and is 
capable of melting a 100%-scrap charge. 

Hunt Steel Co., Youngstown, OH, filed for 
bankruptcy. The company installed two 
electric furnaces, a continuous caster, and a 
pipe mill in a building of the old Brier Hill 
works in Youngstown, but ran into finan- 
cial problems during startup. Meanwhile, 
Phoenix Steel Corp., which entered bank- 
ruptcy in 1983, continued to operate while 
searching for new financing. The company 
closed the two open-hearth furnaces at its 
Phoenixville, PA, plant. 

Bethlehem sold its Seattle, WA, electric- 
furnace steel mill to CEM Associates. 
Bethlehem had announced that the plant 
would be closed unless a buyer could be 
found. 

Materials Used in Ironmaking.—Domes- 
tic pellets charged to blast furnaces in 1984 
totaled 48.8 million tons, and sinter charged 
amounted to 18.9 million tons. Pellets and 
other agglomerates from foreign sources 
amounted to 9.9 million tons. A total of 11.8 
million tons of iron ore was consumed by 
agglomerating plants at or near blast fur- 
naces in producing 19.0 million tons of 
agglomerates. Other materials consumed by 
agglomerating plants were 2.6 million tons 
of mill scale, 0.9 million tons of flue dust, 0.8 
million tons of coke breeze, and 4.3 million 
tons of fluxes. 
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Blast-furnace oxygen consumption to- 
taled 24.3 billion cubic feet according to 
AISI. Blast furnaces, through tuyere injec- 
tion, consumed 24.2 billion cubic feet of 
natural gas; 4.7 billion cubic feet of coke 
oven gas; 146 million gallons of oil; and 25.4 
million gallons of tar, pitch, and miscella- 
neous fuels. 

Materials Used in Steelmaking.—Accord- 
ing to AISI, steelmaking furnaces consumed 
0.25 million tons of fluorspar, 0.92 million 
tons of limestone, 4.16 million tons of lime, 
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0.79 million tons of other fluxes, and 130 
billion cubic feet of oxygen. Metalliferous 
materials consumed in domestic steel fur- 
naces, per ton of raw steel produced, aver- 
aged 1,109 pounds of pig iron, 1,046 pounds 
of scrap, 25 pounds of ferroalloys, and 6 
pounds of ore and agglomerates. The com- 
parable figures for 1983 were 1,142 pounds 
of pig iron, 1,070 pounds of scrap, 25 pounds 
of ferroalloys, and 5 pounds of ore and 
agglomerates. 


PRICES 


The annual average composite price for 
finished steel in 1984, as reported by Iron 
Age, was 21.313 cents per pound, up 4.3% 
from the average price in 1983. However, 
much of that increase reflects price in- 
creases in the second half of 1983. From the 
beginning to the end of 1984, the composite 
price increased only from 26.822 cents to 
21.582 cents per pound, and prices for many 
products remained unchanged. The price 
for special-quality bars was increased 1.25 
cents per pound in July. The composite 
price for pig iron remained unchanged since 
1982 at $213 per short ton. 

Most steel continued to be sold at a 
discount from list price because of strong 


competition among importers and domestic 
producers in a relatively weak market. 
Domestic integrated producers increased 
their transaction prices, especially on sheet 
and strip, early in the year, but after 
midyear they were forced to again reduce 
prices because of lower expectations for 
sales and because of abundant imports. 
Reported discounts of about 20% were com- 
mon through the year. 

Most minimill products such as merchant 
bar, wire rod, and reinforcing bar finished 
the year with slightly higher prices, gener- 
ally after losing some gains made in the 
first half of the year. 


FOREIGN TRADE 


Exports of major iron and steel products 
from the United States declined for the 
fourth consecutive year. The strong U.S. 
dollar made U.S. products relatively expen- 
sive in foreign markets. Canada continued 
to be the most important importing country 
taking about one-third of U.S. exports. Ex- 
ports to Mexico increased as Mexico's econo- 
my continued to adjust to problems created 
by the drop in prices of its oil exports. 
However, exports to most other countries 
declined. 

Imports of iron and steel products in- 
creased 53% and took a record-high share of 
the U.S. market. Imports of steel mill prod- 
ucts from Japan, which was again the 
leading supplier country, increased from 4.2 
million in 1988 to 6.6 million tons, and those 
from Canada increased from 2.4 million to 
3.2 million tons. Although imports of many 
steel mill products from the European Eco- 
nomic Community (EEC) were restricted by 
negotiated agreements, total imports from 
the EEC increased from 4.1 to 6.3 million 
tons. Much of the increase was in products 


such as pipe and tube and semifinished 
billets and slabs that were not covered by 
trade agreements. Among the individual 
EEC countries, the Federal Republic of 
Germany supplied 2.5 million tons; France, 
1.1 million tons; Belgium-Luxembourg, 0.9 
million tons; and Italy, 0.7 million tons. 
Outside of the EEC, the most important 
European supplier was Spain whose exports 
to the United States increased from 0.6 
million tons in 1983 to 1.4 million tons. 
Imports from several important newly in- 
dustrialized countries continued to in- 
crease; 2.2 million tons from the Republic of 
Korea, 1.5 million tons from Brazil, 0.8 
million tons from Mexico, and 0.5 million 
tons from Venezuela. 

The domestic steel industry continued to 
seek relief from allegedly unfairly traded 
imports by filing antidumping and counter- 
vailing duty complaints against foreign pro- 
ducers. . After investigations by the U.S. 
Departinent of Commerce and the Interna- 
tional Trade Commission (ITC), when re- 
quired by the statutes, many cases were 
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found in favor of the domestic industry. To 
avoid penalty tariffs, Brazil, Mexico, and 
the Republic of South Africa offered to 
voluntarily restrain their exports. In some 
of these cases, the U.S. companies withdrew 
their complaints. | 

In addition to countervailing duty and 
antidumping cases against individual for- 
eign steel exporters, a major steel company 
and the United Steelworkers of America 
asked for relief under section 201 of the 
Trade Law of 1984. Under section 201, 
industries can be provided temporary pro- 
tection against all foreign imports. In July, 
the ITC determined that imports were a 
substantial cause or threat of injury to the 
domestic industry for five classes of steel 
mill products and recommended that vari- 
ous types of restraints be applied covering 
those products. In September, the President 
decided not to provide relief under section 
201, but instead to seek bilateral agree- 
ments with exporting countries to limit 
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surges of imports and to prevent imports of 
unfairly traded steel. In addition, the Gov- 
ernment was to initiate cases against un- 
fairly traded steel rather than wait for 
industry to bring complaints. The objective 
of the program was to hold imports of 
finished steel to about 18.5% of the U.S. 
market. By yearend, at least preliminary 
voluntary restraint agreements (VRA) had 
been reached with seven countries, includ- 
ing Japan and the Republic of Korea. To- 
gether with the existing agreement with the 
EEC, the new VRA's restricted imports 
from countries that supplied about three- 
quarters of U.S. imports in 1984. Late in the 
year, the United States and the EEC were 
negotiating a limit on pipe and tube. In 
November, the United States embargoed 
imports of pipe and tube from the EEC for 
the remainder of the year and said that it 
would unilaterally set a quota for the EEC 
at 5.9% of the U.S. market unless agree- 
ment could be reached. 


WORLD REVIEW 


Australia.—Smorgan Consolidated Indus- 
tries Pty. Ltd. began rolling operations at 
its new minimill near Melbourne. The mill 
is the only steelmaker in Australia that is 
not at least partially owned by The Broken 
Hill Pty. Co. Ltd. (BHP). The mill uses a 50- 
ton electric furnace and a bar mill that 
were bought from U.S. steel companies. A 
second minimill was to be built near Bris- 
bane with the support of the Queensland 
government by the Quest Corp. This plant 
was to have an initial capacity of 110,000 
tons per year with a planned expansion to 
250,000 tons per year. BHP also proposed to 
build a bar mill in the Brisbane area with 
the possible addition of an electric-furnace 
melt shop later. 

Belgium.—The Governments of Belgium 
and Luxembourg agreed to a 10-year plan to 
coordinate investments, production, and 
marketing of the three major steel compa- 
nies in the two countries. As part of the 
agreement, state-controlled Cockerill-Sam- 
bre SA (CS) was to close a heavy section mill 
at Charleroi and a 5-year-old wire mill at 
Liege. In exchange, ARBED SA in Lux- 
embourg would close a hot-strip mill in 
Dudelange. Together, the companies were 
to close over 3 million tons per year of 
rolling capacity. The Belgian Government 
wil also increase its investment in 
ARBED's subsidiary in northern Belgium, 
Sidérurgie Maritime SA. 


Brazil.—The new Siderürgica Mendes Ju- 
nior S.A. electric-furnace mill at Juiz de 
Fora, Minas Gerais State, started up. The 
one-furnace melt shop had a capacity of 
500,000 tons per year of billets using scrap 
and pig iron. The plant will also buy billets 
for its 800,000-ton-per-year rolling mill to 
produce wire rod and bar. 

The integrated Aco Minas Gerais S.A. 
(Acominas) steel mill near Belo Horizonte, 
Minas Gerais, was preparing to start up in 
1985. The 2.2-million-ton-per-year plant had 
been delayed because of weak markets and 
financing. The company was seeking addi- 
tional financing from equipment suppliers 
or future customers to complete the project. 
Production of semifinished billets will begin 
first while construction of finishing mills is 
completed. Acominas was part of the State- 
owned steel group Siderürgia Brasileira 
S.A. (Siderbras). 

Canada.—Dofasco Inc. planned a $450 
million project for its Hamilton, Ontario, 
works that will permit direct rolling of 
slabs. The project includes a 2.4-million-ton- 
per-year slab caster, slab heating equip- 
ment, and modifications to the work's No. 2 
hot-strip mill. Operation is planned for 
1987. Stelco Inc. approved plans to spend 
$300 million for a slab caster and a billet 
caster for the Hilton works near Hamilton, 
Ontario. A second billet caster is planned to 
be added after 1987 when the two new 
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casters are expected to begin production. 
Ipsco Inc., Regina, Saskatchewan, ordered a 
slab caster and reheating furnaces that will 
allow direct rolling. The caster will be able 
to handle about 90% of Ipsco's production. 

QIT-Fer et Titane Inc. planned to build a 
steel shop at its Sorel, Quebec, ilmenite 
smelter. The shop was to open in mid-1986 
with a BOF, a ladle refining facility, and a 
continuous billet caster. The plant will 
process pig iron that is a byproduct of the 
company's titanium slag production. QIT 
contracted to supply up to 225,000 tons of 
high-quality billets for wire rod to Ivaco 
Inc., Montreal, Quebec. Because of the new 
billet supply, Ivaco dropped its consider- 
ation of building a direct iron smelting 
plant using Inred technology developed in 
Sweden. 

Canadian steel producers filed complaints 
against allegedly unfairly traded imports. 
There was also concern that steel from 
third countries shipped to the United States 
through Canada to avoid U.S. trade restric- 
tions would upset relations between the 
United States and Canada. Unlike all other 
major suppliers of steel imports to the 
United States, Canada was not asked to 
restrain its exports. 

China.—With phase one of the Baoshan 
steel mill nearing completion, China order- 
ed a $430 million hot-strip mill for phase 
two. The plant will initially have a capacity 
of 3.3 million tons of raw steel per year, and 
the capacity will eventually be doubled. The 
capacity of the Anshan works was to be 
raised to 9 million tons per year in 1985. 

China bought the equipment from a clos- 
ed electric-furnace steel mill in the United 
Kingdom and was reportedly interested in 
other used equipment in Europe, Japan, 
and the United States. 

European Economic Community.—The 
EEC continued to exercise various forms of 
control over the steel industries in its mem- 
ber countries including minimum prices 
and production quotas on certain products, 
limits on government aid to the industry, 
and controls on imports. 

The EEC industry ministers agreed to 
extend production quotas, which were to 
expire at the end of January, until yearend 
1985. The production controls together with 
the system of minimum prices that was 
instituted at the beginning of 1984 were 
considered to be responsible for the general- 
ly higher sale prices within the EEC. 

Although several countries favored an 
extension for operating subsidies beyond 
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yearend 1984, no extension was approved by 
the EEC by yearend. Subsidies for invest- 
ments needed for restructuring, if specifi- 
cally approved by the EEC, continued to be 
permitted until yearend 1985. Officially, the 
EEC held to the goal that all steel compa- 
nies should be viable without government 
support or market controls by 1986. 

The EEC continued to control imports of 
steel through bilateral agreements with 15 
exporting countries. Trade cases were also 
brought against allegedly unfairly traded 
steel. 

Negotiations were held with Spain about 
conditions for Spain's scheduled entry into 
the EEC. The two sides agreed on a 3-year 
transition period during which Spanish 
Government aid to the steel industry would 
be phased out and exports to other EEC 
members would be limited. 

France.—The French Government an- 
nounced a 4-year plan that was expected to 
eliminate about 25,000 of the 90,000 jobs in 
the French steel industry. Most of the job 
losses were to be in Lorraine in eastern 
France where the older plants built to use 
low-grade local ores now have relatively 
high costs. The plan includes replacing 
oxygen furnace capacity with electric fur- 
naces at the Union Sidérurgique du Nord et 
de l'Est de la France (Usinor) plant at 
Neuves-Maisons and partial replacement at 
the plant at Longwy. A wire rod mill at 
Rombas operated by Société Aciéries et 
Laminoirs de Lorraine (Sacilor) and the 
relatively new specialty steel plant at Fos- 
sur-Mer were to be closed. 

The two large state-owned steel compa- 
nies, Usinor and Sacilor, merged parts of 
their bar and rod operations into two joint- 
ly owned companies, Ascométal and Uni- 
métal. 

Usinor and Sacilor continued to take over 
privately owned steel operations. Usinor 
took over the heavy plate plants and found- 
ries of Creusot-Loire S.A. when that bank- 
rupt company was liquidated. It also bought 
the large diameter pipe operation of Val- 
lourec S.A. Vallourec will continue to pro- 
duce seamless pipes. Sacilor acquired a 
small bankrupt bar producer, Forges et 
Laminoirs de Bretagne. 

German Democratic Republic.—Steel 
production was started at a new oxygen 
furnace shop of VEB Eisenhüttenkombinat 
Ost (EKO) in Eisenhüttenstadt. The plant 
had two BOF converters with a capacity of 
2.3 million tons per year, a slab caster, and 
a bloom caster. EKO has produced pig iron 
at the plant for over 30 years to supply 
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other steelworks. 

Germany, Federal Republic of.—After 
unsuccessful merger negotiations in 1983, 
several West German steel companies con- 
tinued to seek partners to help in adjusting 
to smaller markets and capacity reductions 
required by the EEC. Two major producers, 
Krupp Stahl AG and Klóckner Werke AG, 
planned to merge into a new company with 
production of about 10 million tons per 
year. CRA Ltd. of Australia would also 
invest in the new company and would take 
a 35% interest. CRA would supply iron ore 
to the new company and was also interested 
in technology from the West German firms. 
The merger would involve the elimination 
of about 1 million tons per year of raw steel 
capacity and 3,000 jobs. The merger was 
dependent on approval from the West Ger- 
man Government and the EEC and on 
financial aid for restructuring. 

India.—The Steel Authority of India Ltd. 
(SAIL) announced plans to modernize its 
Durgapur and Rourkela steelworks over the 
next 5 years. Oxygen furnaces and continu- 
ous casting plants are to be added at Durga- 
pur. Rourkela is to receive new coking 
equipment, the addition of bottom blowing 
to the mill's oxygen furnaces, and modifica- 
tions to rolling mills. 

Two new 330-ton BOF's and a new blast 
furnace raised the capacity of SAIL's Boka- 
ro works from 2.8 to 4.4 million tons per 
year. Construction continued at the new 
Visakhapatnam steel mill. The plant plan- 
ned to begin operations with a capacity of 
1.3 million tons per year in 1987. New inte- 
grated plants at Vijayanagar and Daitari 
were still planned but could be delayed by 
lack of funds. 

The Sunflag Group, based in London, was 
licensed to build a 200,000-ton-per-year 
direct-reduction (DR) based steel mill near 
Bhandara, Maharashtra. Also, Gwalior 
Rayon was planning a 440,000-ton-per-year 
gas-fueled DR plant in Maharashtra. Ipitata 
Sponge Iron was to begin construction of a 
100,000-ton-per-year DR plant at Joda, 
Orissa. Ipitata is 25% owned by India's 
largest private steel company, Tata Iron 
and Steel Co., which developed the coal- 
fueled process to be used in the new plant. 

Indonesia.—Seamless Pipe Indonesia, a 
joint venture of Bakrie & Brothers of In- 
donesia and Asia Pipe Investments of Aus- 
tralia, planned to build a 330,000-ton-per- 
year seamless pipe plant at Cilegon. The 
$400 million plant will produce steel from 
DR iron from P.T. Krakatau Steel. 
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Iran.—Construction was reportedly re- 
sumed on a 1.3-million-ton-per-year Midrex 
DR iron plant at the Ahwaz plant of the 
National Iranian Steel Industries Corp. 
Construction had been interrupted by the 
revolution in Iran. Orders were also issued 
for four additional Midrex units to produce 
2.6 million tons per year at Mobarakeh 
beginning in 1987. 

Italy.—State-owned Nuova Italsider 
S. p. A. reopened the Bagnoli integrated steel 
mill near Naples after it had been inactive 
since 1982 during modernization and the 
addition of a new hot-strip mill. However, to 
meet EEC production quotas, Italsider clos- 
ed a strip mill at Cornigliano near Genoa. 
To keep blast furnaces and oxygen furnaces 
at Cornigliano active, Ste. Finanziaria 
Siderurgica p.A. (Finsider) tried to lease 
that part of the plant to a group of minimill 
companies. Those companies, whose costs 
for electricity and scrap have risen, would 
shut down their electric furnaces and ob- 
tain billets for rolling from the Italsider 
plant. 

Japan.—Japan's major steel companies 
were consolidating their operations to main- 
tain international competitiveness. Of the 
six major integrated producers, only one 
increased capital investment in fiscal year 
1984, and only one was expanding any 
capacity. Overall capital spending was cut 
30%. Nippon Steel Corp., Japan’s largest 
steelmaker, approved closure of six facili- 
ties and a 3.5% reduction in employment. 
Raw steel capacity was to be cut from 35 to 
30 million tons per year. Japan’s electric- 
furnace steelmakers were also reducing ca- 
pacity, with the Ministry of International 
Trade and Industry (MITI) encouraging a 
reduction of 4.2 million tons per year be- 
tween July 1983 and March 1987. 

Steel imports continued to increase. In 
some markets, such as plates and hot-rolled 
coil, imports were reportedly high enough 
to force some reduction in prices. In re- 
sponse to the rising imports, MITI set a 
limit on imports of coil and plate that could 
be imported with preferential tariffs from 
less developed countries. 

Korea, Republic of.—Orders were issued 
for equipment for a second Pohang Iron and 
Steel Co. Ltd. (Posco) integrated steel mill, 
which is being built at Kwang Yang. The 
first stage, with a 34-foot-diameter blast 
furnace and two 280-ton BOF's, will have a 
capacity of 3 million tons per year in 1988. 
Meanwhile, Posco's Pohang plant capacity 
was raised to 10.5 million tons per year. 
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Luxembourg.—The Government of Lux- 
embourg reached an agreement with Bel- 
gium to coordinate the activities of ARBED 
with the steel industry of Belgium (see 
Belgium"). The EEC approved about $480 
million in state aid to ARBED including an 
increase of Government ownership from 
24.5% to over 30%. 

Mexico.—Siderürgica Lázaro Cárdenas- 
Las Truchas S.A. (Sicartsa) continued con- 
struction on expansion of its plant at Las 
Truchas, Michoacán, which will increase 
capacity from 1.2 to 3.4 million tons per 
year. The expansion includes an HYL DR 
iron plant, electric furnaces, and a plate 
mill. 

Pakistan.—Pakistan Steel Mills Corp. 
started a second blast furnace and began 
production of sheet at its new plant at Bin 
Qasim. The company ordered a second cold- 
rolling mill to increase the plant's capacity 
for black plate and cold-rolled sheet by 
600,000 tons per year. 

Philippines.—National Steel reportedly 
will not receive more Government funds for 
its new Iligan City steelworks. Although 
orders had been placed with equipment 
suppliers, the 1.5-million-ton-per-year proj- 
ect will probably be delayed indefinitely. 

South Africa, Republic of.—South Afri- 
can Iron and Steel Industrial Corp. Ltd. 
(Iscor) started production of the world's 
largest coal-fired DR plant at Vander- 
bijlpark. The plant’s four Lurgi SL/RN 
kilns have a combined capacity of 660,000 to 
800,000 tons per year, depending on the 
type of ore. At another plant at Pretoria, 
Iscor planned to reduce the plant’s capacity 
by about one-half when the blast furnaces 
and open-hearth furnaces are replac- 
ed by electric furnaces in 1986 or 1987. 

Spain.—Spain proceeded with a restruc- 
turing plan to reduce its steel industry 
capacity by about 2.8 million tons per year 
of finished product. Between 1980 and 1986, 
27,000 jobs will have been eliminated. All 
steelmaking will be ended at Altos Hornos 
del Meditarraneo S.A. with only processing 
of sheet remaining. The plant will retain a 
cold-rolling mill and build new galvanizing 
and heat treating lines. Meanwhile, Altos 
Hornos de Vizcaya S.A. was building a 
new BOF shop with continuous casting 
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at Baracaldo-Sestao. Empresa Nacional 
Siderürgica S.A., the largest steel producer 
in Spain, received approval to build a new 
BOF shop in Aviles to replace two old shops. 

Sweden.—The Swedish stainless steel in- 
dustry was restructured by the merger of 
the four major companies into two. A com- 
pany, Avesta AB, was formed from Avesta 
Jernverks AB plus most of the stainless 
operations of Fagersta AB and Uddeholm 
AB. Sandvik AB would continue as a pro- 
ducer of seamless tubes and specialty strip 
and wire. Welded tube was to be produced 
by a new company jointly owned by Avesta 
and Sandvik. The stainless melt shop at 
Fagersta was expected to be closed perma- 
nently, probably in 1985. 

Taiwan.—China Steel Corp. began an ex- 
pansion of its plant that will raise capacity 
from 3.6 to 6.2 million tons per year. The 
project included a third blast furnace and 
two 165-ton BOF's. Completion was schedul- 
ed for mid-1988. | 

Turkey.—Cukurova Celik Endüstrisi AS 
was adding two 80-ton electric furnaces and 
continuous casting at its plant at Aliaga to 
raise the plant's capacity from 400,000 to 1.1 
million tons per year. Another company, 
the Habas Group, was planning a minimill 
with two 30-ton furnaces at Izmir. 

U.S.S.R.—The Austrian-Italian-designed 
Zhlobin minimill started operation in Bye- 
lorussia. The plant has two 110-ton electric 
furnaces and two continuous casters to 
produce 800,000 tons per year of raw steel. 

Startup continued at the Oskol Electro- 
Metallurgical Combine plant in Kursk. 
Electric-furnace and continuous-caster op- 
erations were started. The four Midrex DR 
units had a capacity of 1.8 million tons per 
year. 

United Kingdom.—Production at British 
Steel Corp. (BSC) was restricted by reduced 
supplies of raw materials caused by a coal 
miners strike. The miner's union and sym- 
pathetic transportation unions allowed 
some coal and iron ore into the BSC plants 
to maintain limited production and to pre- 
vent damage to coke ovens, and BSC at 
times used trucks to deliver raw materials 
to plants blockaded by rail workers. 


TECHNOLOGY 


Processes were under development to con- 
tinuously cast thin slabs and thus reduce 
the rolling needed to produce sheet and 


strip. The U.S. Department of Energy 
agreed to provide $30 million over 5 years 
for pilot plant development of a caster to 
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produce slab less than 1-inch thick based on 
a twin-belt design used commercially for 
nonferrous metals by Hazelett Strip-Casting 
Corp. The prime contractors were Beth- 
lehem and USS under a research partner- 
ship. Independently, Allegheny Ludlum 
announced that it was ready to begin pilot 
plant tests of a process to cast thin stainless 
steel strip less than 1/10-inch thick. 

New rolling technology was announced to 
reduce costs or improve quality. A system 
was described to roll billets using less ex- 
pensive grooveless rolls. The system used 
special guides and process control to main- 
tain proper billet shape.“ Two systems to 
control f'atness as sheet is rolled were 
described. In one, the axes of opposed sets of 
rolls were crossed rather than parallel. The 
angle between the axes could be varied to 
compensate for roll bending.? A second ap- 
proach used a hollow backup roll that could 
be inflated by hydraulic pressure to adjust 
the shape of the roll.* 

Modified cupolas for melting iron were 
tested. A 20-megawatt plasma torch was to 
be fitted in one tuyere of a cupola. The 
plasma torch was intended to allow better 
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and/or preheating chamber above the level 
of the coke bed. The modification increased 
the melting rate while improving energy 
efficiency. Ultimately, pulverized coal was 
to be used in place of gas.* 

The Bureau of Mines published research 
on reduced-chromium substitutes for con- 
ventional stainless steels.“ The Bureau also 
conducted basic research on pickling stain- 
less steel. Better understanding of the proc- 
ess could lead to lower costs, reduced loss 
of critical materials such as chromium and 
nickel, and reduced waste disposal prob- 
lems.* 


! Physical scientist, Division of Ferrous Metals. 

Yanazawa, T., N. Hirai, T. Tanaka, and K. Aoyama. 
Development of Grooveless Rolling for a Billet Mill. Iron 
and Steel Eng., v. 61, No. 8, Aug. 1984, pp. 27-32. 

STsukamoto, H. and H. Matsumoto. Shape and Crown 
Control Mill—Crossed Roll System. Iron and Steel Eng., 
v. 61, No. 10, Oct. 1984, pp. 26-33. 

“Swanson, K. R., J. A. Grohowski, P. J. Erspamer, and 
W. G. Eckert. Application of the Blaw-Knox Inflatable 
Crown Roll to a 2-Stand Temper Mill. Iron and Steel Eng., 
v. 62, No. 4, Apr. 1985, pp. 21-26. 

533 Metal Producing. Plasma: An On/Off Switch for 
Tomorrow's Foundry. V. 22, No. 5, May 1984, pp. 51-53. 

$Spironello, V. R. Evaluaton of a Gas-Assisted Cupola. 
BuMines RI 8891, 1984, 16 pp. 

"Glenn, M. L., and D. E. Larson. Reduced-Chromium 
Stainless Steel Substitutes Containing Silicon and Alumi- 
num. BuMines RI 8918, 1984, 13 pp. 

SCovino, B. S., Jr., J. V. Scalera, and P. M. Fabis. 


control* The Bureau of Mines modified a Pickling of Stainless Steels—A Review. BuMines IC 8985, 
cupola by inserting a gas-fired melting 1984, 15 pp. 


Table 2.—Pig iron produced and shipped in the United States in 1984, by State 


Shipped from furnaces | 
Average value 


a 5 "i 
tate (thousan antity Value per ton at 
hort tons) (thousand f 
SUE MOIS short fons) (thousands) e 

rr ³ ð K E et 3,042 3,042 $520,961 $171.26 
I))... ————TP(—— 15,908 15,909 2,810,113 180.45 
Mines 8 5,055 5,054 866,513 171.45 
OTRO TENERO 9,593 9,800 2,063,377 210.54 
Pennsylvania ---------------------——- 7,603 7,577 1,589,007 209.71 
Alabama, . Maryland, New Vork 6,440 6,460 1,375,304 212.90 
Texas, Utah, West Virginia ________________ 4,323 4,321 908,309 210.21 

Total! or average ____________________ 51,961 52,164 10,194,185 195.43 


1Data may not add to totals shown because of independent rounding. 
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Table 3.—Foreign iron ore and 
manganiferous iron ore 
(excluding agglomerates) consumed in 
manufacturing pig iron 
in the United States, by source 


(Thousand short tons) 


Source 1983! 1984? 
Brazil. . — 12 679 
Canaddæaa— TTE 2,185 256 
Venezuela _____________ 1,157 994 
Other countries 9 114 

f ·¹ ee, BO 3,453 2, 043 


!Excludes 8,862,921 tons used in making agglomerates. 
2Excludes 10,054,084 tons used in making agglomerates. 


Table 4.— Pig iron shipped from blast furnaces in the United States, by grade! 


1983 1984 
Grade wenn, _ ,,Ualue __ uantity Value 

(thousan Total Average (thousan Total Average 

short tons) (thousands) per ton short tons) (thousands) per ton 
Foundry |... 123 $25,969 $211.13 W W W 
Basi co ! ³ 8 47,915 9,835,227 205.26 51,526 $10,065,652 $195.35 
All other (not ferroalloys )) — — — 1,043 209,747 201.10 637 128,533 201.78 
Total or average __________ 49,081 10,070,943 205.19 252,164 10,194,185 195.43 


W Withheld to avoid disclosing company proprietary data; included with All other.” 
Includes molten iron transferred directly to steel furnaces. 
2Data do not add to total shown because of independent rounding. 
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Table 6.—Number of blast furnaces in the United States, by State 
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1983 1984 
State In Out of In Out of 
blast! blast Total blast! blast Total 
Alabama --- -22222-2 1 5 6 2 2 4 
eh! 8 2 2 4 PN a A 
III %⅛ð K ³ĩðVͥl Dee uai hne 4 1 5 4 1 5 
II ðV u ð 11 7 18 10 8 18 
Feine nnn ede cmi Eri. 2 =e 2 2 s 2 
Maryland os o ose petet us unt 1 3 4 2 2 4 
Michigan umano omes eR oe isum iere E meas 6 3 9 6 3 9 
New r ] ⅛ ͤ Se ee cee 1 3 4 "TU iei e. 
Ohio -22222222L 12 6 18 11 10 21 
Pennsylvania -—------------------———-- 9 12 21 8 14 22 
Texas -2-222222 TEN 2 2 1 ee 1 
Utah- oat etr o Ei ⅛«²w mh! ß 8 1 2 3 2 1 3 
West Virg ini 2 2 4 3 1 4 
;ÄÜĩ5ö;601“m ⅛ ͤ f A MS Ld 52 48 100 51 42 93 
1In blast for 180 days or more during the year. 
Table 7.— U.S. steel production, by type of furnace 
(Thousand short tons) 
Basic 
Year Den oxygen Electric Total 
converter 
as acces ine eal ³ð act E et 13,054 67,615 31,166 111,835 
Jö ͥ ³Ü0ð—dfſ ⅛oÜ w / E E 13,452 73,231 34,145 120,828 
0. oe os ee ä5l! EL 6,110 45,309 23,158 74,577 
1983 succum ³˙Ü.w.r ee M an a 5,951 52,050 26,615 184,615 
198344 ³»A ²?B dcm ucc 8,336 52,822 31,370 92,528 


Data do not add to total shown because of independent rounding. 


Source: American Iron and Steel Institute. 


Table 8.—Metalliferous materials consumed in steel furnaces! in the United States 


(Thousand short tons) 
Iron ore? Agglomerates? 
Year 
Domestic Foreign Domestic Foreign 
g A 45 244 111 50 
TOG) joc Si ep 8 27 207 43 34 
IJ ⁰˙ AA 29 64 31 58 
I;ö;. R ES 9 96 15 33 
Ese”. ME AEE E 43 98 78 43 


!Basic oxygen converter, open-hearth, and electric furnace. 
2Consumed in integrated steel plants only. 


Pig iron 


65,543 
11,284 
42,395 
48,300 
91,291 


Ferro- 
alloys? 


1,603 
1,663 

947 
1,063 
1,161 


Iron 
and steel 
scrap 


61,930 
63,195 
40,379 
45,280 
48,415 


Includes ferromanganese, spiegeleisen, silicomanganese, manganese metal, ferrosilicon, ferrochromium, and 


ferromolybdenum. Includes ferroalloys added to steel outside the furnace. 
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Table 9.—U.S. consumption of pig iron, by type of furnace or other use 


1982 1983 1984 
Type of furnace ————— — — —ę— — —ę— 

or other use Thousand Percent Thousand Percent Thousand Percent 

short tons of total short tons of total short tons of total 
Basic oxygen converter 38,553 86.8 44,330 88.5 45,551 85.6 
Open-hearth ____________- 3,635 8.2 3,918 7.8 5,720 10.7 
Electric cou eI 496 1.1 341 7 368 7 
Cup oa 481 1.1 425 8 469 9 
Air and other furnace! 141 3 91 2 92 2 
Direct castings : 1.102 2.5 965 1.9 1,002 1.9 
eta... 44,409 100.0 50,070 100.0 53,202 100.0 


Includes vacuum-melting furnaces and miscellaneous melting processes. 
"Castings made directly from blast furnace hot metal. Includes ingot molds and stools. 
3Data may not add to totals shown because of independent rounding. 


Table 10.—U.S. consumption of pig iron, 


by State 
(Thousand short tons) 

State 1983 1984 
Arkansass 2S2 1 1 
Connecticut 5 5 
Georgia 1 1 
Illinois 3,285 2,884 
Indiana. 16,507 16,206 
//;ö;—ĩ ts et 21 0 
Kansas |... 2... 3 3 
Mi 8 (2) (2) 
Massachusetts 13 16 
Michigan 4.535 5,179 
Minnesota 20 28 
Missouri = 5 6 
New Jersey ___________-_ 2 2 
New Vork 886 y 
Ohios s WWA 26: 9,528 10,309 
Oklahoma 10 11 
Pennsylvania 7,077 7,701 
Texas 23 oS % ͤ -L 65 646 
Virginia ------------—- 16 14 
Wisconsin _____________ 41 46 
Undistributed? __________ 8,043 10,092 


Total «Be Lu 90,070 93,202 


‘Includes molten pig iron used for ingot molds and direct 
castings. 

2Less than 1/2 unit. 

3Includes Alabama, California, Colorado, Delaware, 
Florida, Kentucky, Maryland, New Hampshire, North 
Carolina, Oregon, Rhode Island, South Carolina, Tennes- 
see, Utah, Washington, and West Virginia. 
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Table 11.—U.S. exports of major iron and steel products 
1982 1983 1984 
Product Quantity Value Quantity Value Quantity Value 
(shorttons) (thousands) (shorttons) (thousands) (shorttons) (thousands) 
Steel mill pr roducts: 
Ingots, looms, billets, slabs, sheet 
ORE ae T Obie RE De 362,299 $82,066 102,756 $27,638 73,536 $19,165 
Wire r f e ee 25,150 13,374 6,346 1,246 8,744 10,187 
Structural shapes, 3 inches and 
WW ? 56,399 36,992 47,024 30,478 29,049 18,366 
Structural shapes, under 3 inches 9,580 11,761 21,801 36,047 11,231 9,655 
Sheet piling _____________ 5,623 3,406 2,097 11,527 3,355 2,655 
Plates 121,930 89,111 101,982 61,875 88,185 54,162 
Rails and track accessories 36,490 25,256 18,516 15,833 15,225 11,370 
Wheels and axles 2,711 11,501 1,558 9,040 3,854 13,377 
Concrete reinforcing bars 114,740 29,705 34,528 9,340 9,889 4,678 
Bars, carbon, hot- rolled 31,014 18,083 36,592 17,759 32,162 16,377 
Bars, alloy, hot-rolled |... 48,262 41,303 53,992 41,626 49,969 39,773 
Bars, cold-finished ________ — 17,400 25,471 21,567 24,954 28,125 24,796 
Hollow drill steel! 1,447 3,523 1,378 3,219 2,123 2,920 
Pipe and tubing 430,630 791,252 257,967 404,319 207,428 325,800 
Wii. 8 26,269 49,539 20,349 31,689 19,440 37,747 
Nails, brads, spikes, staples . _ _ — 7,089 24,232 6,916 24,326 7,161 24,199 
Black plate 71.888 17,897 60,929 13,704 38,181 9,719 
Tinplate and terneplate 240,127 118,870 188,628 83,826 138,764 10,149 
Sheets, hot-rolled |... 62,191 42,144 42,544 32,934 51,580 39,220 
Sheets, cold-rolled ________ _ 50,770 52,198 50,431 47,126 51,202 46,236 
Strip, hot-rolled__________-_ 27,488 18,709 16,428 16,308 11,563 14,254 
Strip, cold-rolled . |... . 25, 421 42, 991 26,152 42,255 26,182 46,696 
Plates, sheets, strip, galvanized, 
coated or clad- _ 67,395 51,447 78,142 55,665 69,736 62,450 
Total -------------- 1,842,313 1,601,431 1,198,623 1,054,794 977,284 904,011 
Other steel products: 
Plates and sheets, fabricated _ _ _ 23,216 52,335 21,990 39,922 11,371 22,955 
Structural shapes, fabricated_ _ _ 119,303 268,678 65,803 133,037 86,854 141,849 
Architectural and ornamental 
work ino a 5,578 14,609 3,643 15,178 2,207 9,186 
Sashes and frames 10,137 39,514 9,197 38,069 8,986 31,894 
Pipe and tube fittings |... 41,578 293,573 22,831 141,646 11,426 98,915 
Pipe and tubing, coated or lined _ 16,037 21,630 13,025 17,533 7,778 12,535 
Bolts and nuts 70,601 114,964 72,913 106,242 86,897 127,017 
Forgings _._____________ 46,139 89,277 33,048 55,132 41,739 63,515 
Caststeel rolls . _ 3,206 10,987 977 2,347 1,438 2,415 
Railway track material 6,611 1,544 3,215 4,188 2,550 3,661 
Total... ees 342,406 913,111 246,642 553,894 261,246 513,942 
Iron products: 
Cast-iron pipes, tubes, fittings _ _ 113,185 160,091 85,513 128,523 51,682 99,252 
Iron castings. sg s 69,548 59,522 58,344 45,866 122,375 110,084 
f! Rs 182,733 219,613 143,857 174,389 174,057 209,336 
Grand total 2,367,452 2,734,155 1,589,122 1,783,077 1,412,587 1,627,289 
Table 12.—U.S. imports for consumption of pig iron, by country 
1982 1983 1984 
Country Quantity Value Quantity Value Quantity Value 
(short tons) (thousands) (shorttons) (thousands) (shorttons) (thousands) 
Australia 8,506 $527 T "S VE m 
Belgium-Luxembourg ......... 1,202 200 915 $129 =~ 
Braüzil.-—-———— ys 146,413 16,313 135,955 14,413 421,176 $43,703 
Canada_________________-_ 127,337 26,995 94,802 16,004 171,708 29,638 
Eins 8 17,116 1.560 = E s ue 
Fr ane 1.624 329 772 101 1.704 253 
South Africa, Republic o 19, 445 2,966 9,650 1,259 31,489 4,593 
Sweden: a= m seks "n "m MUR 
Venezuela ___________-_- ~~ =z CF e NM 54,274 3,815 
Other. 9e et 57 49 20 10 22,004 1,983 
/ ²˙·⸗ꝛm gr et 321,702 48,940 242,114 31,917 702,355 83,985 


1Data may not add to totals shown because of independent rounding. 
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Table 13.—U.S. imports for consumption of major iron and steel products 


1982 1983 1984 
Product Quantity Value Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) (short tons) (thousands) 
Steel mill products: 
Ingots, blooms, billets, slabs, sheet 
ES is sense tte ee ee 716,588 $180,612 822,483 $176,621 1,515,734 $332,664 
Wire rods ______________ 961,768 366,267 1,188,918 392,317 1,594,437 540,315 
Structural shapes, 3 inches and 
E d 1,483,486 544,550 1,489,226 425,551 2,075,027 587,961 
Structural shapes, under 3 inches 59,711 21,732 88,288 29,298 174,787 60,846 
Sheet piling _____________ 114,864 50,810 69,050 26,744 80,709 30,862 
Plates 1,619,538 565,989 1,393,378 358,945 1,880,297 539,927 
Rails and track accessories 320,353 135,445 168,933 56,528- 350,300 113,724 
Wheels and axles__________ 19,936 18,682 6,500 7,030 23,591 18,184 
Concrete reinforcing bars 51,675 12,700 208,304 39,126 434,147 87,981 
Bars, carbon, hot-rolled _ _ _ _ _ _ 297,493 118,733 322,518 109,504 540,302 184,926 
Bars, alloy, hot-rolled |. __ 164,414 112,848 139,806 87,275 216,421 118,633 
Bars, cold-finished |... .. _ 218,317 211,012 204,575 160,887 338,754 213,840 
Hollow drill steel__ ________~_ 1,462 1,761 a Lt 1,811 2,310 
Welded pipe and tubing 2,124,745 1,124,642 1,728,716 595,175 2,753,108 1,051,932 
Other pipe and tubing 2,984,566 3,021,885 1,124,266 650,002 2,676,358 1,394,148 
II! Be ph a et ee he 346,520 271,039 478,776 316,761 702,493 472,053 
Wire nailsss _ 264,388 140,491 374,039 188,544 458,326 235,270 
Wire fencing, galvanized __ _ _ _ 8,457 5,825 10,762 6,991 12,276 7,591 
Blackplate______________ 119,395 50,482 170,420 66,939 278,003 116,068 
Tinplate and terneplate ___ _ _ _ 218,394 134,718 293,819 168,413 373.277 203,147 
Sheets, hot-rolle ll 1.355,024 421,498 2,030,684 545,135 2,690,721 182,510 
Sheets, cold-rolled |...  . 1,706,708 747,464 2,425,167 886,228 3,672,456 1,499,599 
Sheets, coated (including 
galvanized) ___________~_ 1,227,867 553,108 2,059,275 863,471 2,899,825 1,319,928 
Strip, carbon, hot-rolled __ _ _ _ _ 21,655 9,309 32,530 11,491 79,592 25,373 
Strip, carbon, cold- rolled 49,209 45,368 66,090 55,159 145,333 95,717 
Strip, alloy, hot- or cold-rolled 
(including stainless) _ _ 22,375 46,156 27,798 47,447 51,604 86,441 
Plates, sheets, strip, electro- 
lytically coated (other than 
with tin, lead, or zinc) _ _ _ _ _ _ 57,384 34,006 110,067 61,448 149,624 19,656 
/ ²˙·—m—A—̃—!—] em ees 16,536,292 8,947,132 17,034,388 6,333,636 26,169,313 10,201,206 
Other steel products: 
Plates, sheets, strip, fabricated . _ 4,016 5,447 5,536 4,430 13,085 11,805 
Structural shapes, fabricated_ _ _ 146,596 139,589 206,296 155,308 235,950 136,717 
Pipe fittings - - __________ _ 112,680 192,912 71,161 92,146 105,095 136,475 
Rigid conduit 105 488,282 282 2,187 373 15,826 
Bale ties made from strip _ _ _ _ — 1,197 1,028 643 546 675 510 
Nails, brads, spikes, staples, 
tacks, not of wire 12,135 10,013 40,670 46,977 48,662 61,217 
Bolts, nuts, rivets, washers, etc_ _ 422,151 471,710 450,707 473,157 684,761 753,707 
Forgings _______________ 45,910 33,897 28,800 20,730 57,267 38,997 
Total. «c tu ee cer 144,190 1,242,878 | 804,095 195,481 1,145,868 1,155,254 
Iron products: 
Cast-iron pipes, tubes, fittings _ _ 28,565 31,517 30,629 32,155 40,471 42,211 
Iron castings. ___§________~_ 75,817 12,168 94,742 16,693 132,078 96,675 
rr n na 104,382 104,285 125,371 108,848 172,549 138,886 
Grand total. 17,385,464 10,394,295 17,963,854 7, 237,965 27,487,730 11,495,346 
Table 14.—Pig iron: World production, by country! 
(Thousand short tons) 
Country? 198 1981 1982 1983P 19849 
J bb 737 989 992 1, 000 1,100 
Argentina a6 ¼mt E EEEE 1,976 71,896 2,090 2,052 2,007 
lr eee er a 7,671 7,529 6,565 5,561 45,873 
PRB ——— 3,842 3,832 3,434 3,660 14,128 
Belgiulni 6.2 selene y Sr tuae 11,614 10,724 8,638 8,849 19,886 
Brazil ³⁰ AAA e 713,983 111,901 11.935 14,269 14,900 
Bulgaria een %⅛ðâd erc deme Sad 1,683 1,667 1,717 1,789 1,700 
Ill neu Ps OS AAA 8 — 4 14 17 49 
Canada ieee ete eestor cei etenim due 12,327 10,740 8,818 9,443 410,630 
CONC ee ee a ot eee eae deut 714 642 500 595 4654 
China decet esum eee 41,910 31,666 39,171 41,204 444,070 
Colombia —— dL crees 308 251 271 266 300 


See footnotes at end of table. 
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Table 14.—Pig iron: World production, by country! —Continued 


(Thousand short tons) 


Country? 


Czechoslovakia 


e PUER 
FI ĩðVüĩͤ“ . ⁰ ries cet s 


F 00000 ³ꝛ ZA et ue 
German Democratic Republic 


Greece — 
IIuDgari no hea See 
II ³Ü¹·1¹ẽÜßꝛ ⁰ʒ Ne oles Becta 


C ͥ⁴¹Ü ee tes fas Se d Oe I et er 
Korea, North 
Korea, Republic oll 
Luxembourg 
7öÜĩ§ĩ?³õ dy mr mm de esee 


Netherlands 
New Zea lande? — 
ow oĩ˙⅛wOͥ uolui ax K aiu St ee 


Portugal. ß a A e e. brit 
Rl ³oWWVA ⁰ 


Switzerland® ______________________._ 
Taiwan: 228 eset oa i 8 
Thailand d ee 
Trinidad and Tobago? |... - 
Tunisia unus tm Be ee ee Se 


Venezuela? |. . =e 
Yugoslavia x: mum tree MU um 


Zimbabwe ei: — 


“Estimated. Preliminary. Revised. 


1980 


10,824 
T €280 
2,226 
21,119 
2,709 
37,339 
1334 
2,441 
9,362 
900 
13,392 


"566,650 


1981 


10,354 
r €240 
2,180 
"19,035 


"553,632 


1982 


10,500 
125 
2,157 
16,569 
2,369 
30,447 
330 
2,404 
10,582 
100 
12,717 
85,603 
75,800 
9,309 
2,852 
5,625 
13 


504,352 


19835 


10,434 
216 
2,092 
15,274 
2,433 
29,319 
330 
2,256 
10,016 
800 
11,399 
80,398 
76.100 
8,845 
2,003 
5,049 


510,506 


525 


1984* 


110,539 


539,216 


1Table excludes ferroalloy production except where otherwise noted. Table includes data available through June 18, 


1985. 


2In addition to the countries listed, Vietnam and Zaire have facilities to produce pig iron and may have produced 
limited quantities during 1980-84, but output is not reported and available general information is not adequate to permit 


formulation of reliable estimates of output levels. 
3Includes sponge iron output. 
‘Reported figure. 
5Includes blast-furnace ferroalloys. 
SLess than 1/2 unit. 


Table 15.—Raw steel: World production, by country? 


(Thousand short tons) 


AlIperid.no ˙ ⁰¶ ne 
JööÜĩÜͤ¹ d“)... ⁵⅛ m eter e 
Argentinas ooo ya ee EE HERE 
AUSCPBIIB cc es tt ee les 
Austria- 2 it : oh ul S LM C sia Slee 


See footnotes at end of table. 


1980 


152 
713,696 
16,908 
2,830 
17,512 
776 
40,918 
1463 


1981 


1982 


630 
11 
3,211 
7,023 
4,694 
120 
10,931 
14,319 
2,848 
12,965 
942 
40,962 
466 


1983P 


*660 
11 
3,244 
6,200 
4,862 
92 
11,196 
16,159 
3,121 
14,140 
681 
*44,040 
531 


1984 
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Table 15.—Raw steel: World production, by country? —Continued 


(Thousand short tons) 
Country? 1980 1981 
CHUDa.- uc eet ĩð K I ee 335 364 
Czechoslovakia 16,783 16,832 
, ee es te 809 675 
mr MeL PPP ⁰ ⁰-mꝛ Na T19 131 
uei Seen n dei oP eee ee -!' 882 992 
El Salvador J½ͤͥͤ ³⁰K0¾³ÄWÄ . re ee 15 11 
Finland sss 8 2,766 2,616 
F ˙¹˙¹¹w1 y 25,547 23,433 
German Democratic Republic 8,056 8,231 
Germany, Federal Republic oft 48,323 45,867 
GP0)§’ô A 8 1.031 1.002 
Hong . ⁵³ 8 130 130 
RAnesss 8 4,149 14,016 
I E T €10,387 11,442 
Indonesia e LLL dui ue e eit: 397 551 
IPü ec ni ͤh oA 7¼mrm 8 1,300 1,300 
Edd eof d OEE 287 50 
CLAN ulia ucc 86 2 35 
|) (=) (a a %⅛%¾, ETT 127 126 
Italy ea ce tee eae ᷣ ͤ k c 29,212 27,312 
e d ee ee P EM 122,792 112,078 
e. ⁰ 8 95 149 
Kenya" rese bue A Ee. 11 11 
Korea, North® ______________________ 16,400 16,100 
Korea, Republic olf 9,434 11,854 
Luxembourg PORTER cae E ae 5,092 4,178 
Maláysid ae ga 8 230 230 
MeXICÓ.- oe k pc te ecu. 7,888 18,447 
Morocco? _________________-______- 7 7 
Netherlands |... ss 5,811 6,032 
New Zealand ________________-___ llc 239 255 
Nigeria 17 17 
N o·iYↄ]]Ayh A 941 935 
ICC ov ae bt ie eee "390 7390 
Perüc oen a e E Cui iE eet 493 401 
Philippines ss ee 364 386 
Ill es ete eee: 21,479 17,327 
Portugal. oo ee bi A Re cde 720 607 
e Sees 485 499 
Romania ee tt a rc 14,523 14,358 
Saudi abla J WETS PTE a ma PE Peete ee 55 80 
Singapore 98j8ĩ 375 386 
South A Africa, Republic of. ee 9,996 9,925 
SPA T — —— ———M—— 13,874 14,233 
% j 222 dd dup E 4,665 4,150 
Switzerland /ô ꝓ⁵m A 1.024 1,065 
ö es 8 1 120 
SI ³·¾ Ö 3,767 3,465 
Thailand. «uuo a ⁵ 331 
Trinidad and Tobago 3 58 
TUNIKA SS Ba cs ee cst. 196 196 
!§ĩÜẽè ð³ pa occa hee eee el eal 2,795 2,605 
USSR -rasanan x . S 163,077 163,632 
United Kingdom... ---------—----—- 12,432 17,170 
United States_ - oo - - - - - - -- - - - - -—- -- - —— 111,835 120,828 
Uruguay cn e dee 119 117 
Venezuela- - - - -- -------------—--—-—— 1,967 2,003 
Wien... mL prc unes 130 120 
Yugoslavia ------------------------ 4,006 4,383 
Zimbabwe ----------------—--—-—-———— 886 762 
Totale coe T S 1789, 528 1779, 625 
“Estimated. Preliminary. Revised. NA Not available. 


1982 


1983 


730,291 


426,484 


118,928 


Steel formed in first solid state after melting, suitable for further processing or sale; for some countries, includes 


material reported as liquid steel," presumably measured in the molten state prior to cooling i in any specific form. 


"Table includes data available through June 18, 1985. 


ln addition to the countries listed, Ghana, Libya, and Mozambi 
available data are insufficient to make reliable production estimates. 


tons; however, plant output, if any, is not known. 
*Reported figure. 
5Data are for year ending June 30 of that stated. 


gue are known to have steelmaking plants, but 


urma reportedly has a remelt capacity of 40,000 


Iron and Steel Scrap 


By Franklin D. Cooper! 


Brokers, dealers, and other outside 
sources supplied domestic consumers with 
34.3 million short tons of all types of ferrous 
scrap at a delivered value of approximately 
$2.82 billion, while exporting 9.5 million 
short tons valued at $918 million. In 1983, 
domestic consumers received 32.8 million 
short tons at a delivered value,of approxi- 
mately $2.34 billion, while exports of 7.5 
million short tons were valued at $637 
million. 

Domestic Data Coverage.—Domestic pro- 
duction data for ferrous scrap are developed 
by the Bureau of Mines from voluntary 
monthly or annual surveys of U.S. oper- 
ations. Of the operations to which a survey 
request was sent, 69% responded, repre- 


senting an estimated 85% of the total con- 
sumption shown in table 2 for three types of 
scrap consumers. Consumption for the 
nonrespondents was estimated using prior 
reports adjusted by industry trends. An 
estimation error is also contained in the 
difference between the reported total con- 
sumption of purchased and home scrap and 
the sum of scrap receipts plus home scrap 
production, less scrap shipments, and ad- 
justments for stock changes. For scrap con- 
sumption data shown in table 2, this differ- 
ence amounted to 2% for the manufactur- 
ers of pig iron and raw steel and castings, 
4% for the manufacturers of steel castings, 
and 1% for iron foundries and miscella- 
neous users. 


Table 1.—Salient U. S. iron and steel scrap and pig iron statistics 
(Thousand short tons and thousand dollars) 


1980 1981 1982 1983 1984 
Stocks, Dec. 31: 
Scrap at consumer plants 8,018 8,118 6,418 5, 807 5,261 
Pig iron at consumer and supplier plants 889 859 622 945 304 
Total zu eom eee 8 8,907 8,977 7,040 6,152 5,565 
Consumption: 
Sae e ʒ AA 83,710 85,097 56,386 61,782 65,702 
Pig ITO nenne ees, 69,053 15,040 44,409 50,070 53,202 
ports: . 
Scrap (excludes Fere De me arial and ships, 
boats, and other vessels for scrapping)_ — — — — 11,168 6,415 6,804 7,520 9,498 
NS as ate en en $1,225,941 $638,644 $610,302 $636,723 $917,981 
Imports for consumption: 
Scrap (includes tinplate and terneplate _ _ _ _ 582 556 1468 641 572 
N§öĩê 8 $61,192 $62,126 "$37,572 $48,219 $46,946 
"Revised 
Legislation and Government  Pro- tion excluded dismantlers, which were not 


grams.—Congress passed the Shipping Act 
of 1984, Senate bill 38, giving scrap export- 
ers a tariff-filing exemption formerly given 
only to bulk-cargo shippers. Under the new 
legislation, exporters will be able to negoti- 
ate for more advantageous rates, and ship- 
ping terms and conditions. The legisla- 


engaged in waterborne commerce, from cur- 
rent costly and unnecessary provisions. The 
President signed this legislation, entitled 
the “Longshore and Harbor Workers’ Com- 
pensation Amendments of 1984," on Sep- 
tember 28. 


527 


528 


Luria Bros. and Co. Inc., a major U.S. 
ferrous scrap processor, asked the Federal 
Trade Commission to release it from an 
order imposed in 1963 that prevented the 
firm from concluding exclusive supplier ar- 
rangements with consumers and receiving 
preferential treatment as a supplier. Luria 
based its request on the changes in the 
structure of the scrap industry and Luria's 
market, which was the original reason for 
the order. Luria's share of the U.S. ferrous 
market dropped to 13% in 1982, from a 
former peak of 35%. Luria's petition noted 
that the company closed its Port Newark, 
NJ, export terminal in 1982 and did not own 
a terminal exclusively for handling and 
preparing scrap for export. 

The International Trade Commission 
(ITC) published a report, "Competitive As- 
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sessment of the U.S. Foundry Industry." 
The ITC concluded that it was difficult for 
the foundry industry to pinpoint the causes 
of its recent decline of activity. The industry 
disagreed citing unfairly underpriced im- 
ports. 

Also under section 332 of the Tariff Act, 
the ITC began an investigation of the im- 
pact of imported semifinished steel products 
on the domestic ferrous scrap industry. 

The ITC unanimously approved the acqui- 
sition of American Commercial Lines Inc. 
by CSX Corp., the first merger of a railroad 
and a bargeline. 

Congress amended the Resource Conser- 
vation and Recovery Act of 1980, thereby 
requiring all Federal Government agencies 
to maximize the procurement of goods pro- 
duced from recycled materials. 


AVAILABLE SUPPLY, CONSUMPTION, AND STOCKS 


The ferrous scrap industry supplied 34.3 
million short tons of products to all domes- 
tic consumers, up 6.7% from 1983, because 
of a stronger but not generally improved 
economic situation, which grew at an annu- 
al rate of 7.5% above the 1983 rate, while 
inflation receded to a 3.2% rate. Capital 
spending on plant and equipment was 6.5% 
more than in 1983. Inventory investment 
made only a small contribution to the gross 
national product (GNP) because the ratio of 
inventories to final sales of goods was 1.32, 
below the normal equilibrium of 1.40. 

Raw steel production was 92.5 million 
short tons compared with 84.6 million in 
1983 and 74.6 million in 1982. Production in 
1984, representing 68.4% of the production 
capacity, resulted in 73.7 million short tons 
of shipments. 

Steel mills accounted for 74.895 of all 
scrap received from brokers, dealers, and 
other outside sources; steel foundries receiv- 
ed 3.5%, and iron castings producers and 
miscellaneous users received 21.7%, includ- 
ing 0.89% or 280,000 short tons for copper- 
recovery-leaching operations. 

The apparent consumption of scrap, in 
million short tons, comprised 36.1 net re- 
ceipts, 29.3 home scrap, 0.6 imports, and 0.5 
withdrawals from stock for a total of 66.5. 

Shipments of ferrous castings comprised 
955,000 short tons of steel castings, com- 
pared with 729,000 short tons in 1983; and 
shipments of all ferrous castings totaled 
10.9 million short tons, compared with 9.5 
million short tons in 1983. 

The 1983-84 status of major U.S. manu- 


facturing sectors that were major con- 
sumers of iron and steel products was as 
follows: 

Appliances.—In 1984, 35.8 million units 
were produced, 30% more than in 1983. 

Automobiles.—Approximately 10.8 mil- 
lion were sold in 1984, of which about 8.0 
million were produced by six U.S. manufac- 
turers. 

Castings, iron.—Shipments in 1984 were 
10,974,000 short tons compared with 
9,513,000 tons in 1983. 

Castings, steel.—Shipments were 955,000 
short tons in 1984 and 729,000 short tons in 
1983. 

Durable goods.—The value of 1984 ship- 
ments was 13% greater than in 1983. 

Farm equipment excluding tractors.— 
Value of shipments was 10% to 15% more 
than in 1983. 

Materials handling equipment.—Sales in 
1984 were $4.5 to $5.0 billion. 

Metalworking.—New orders were 8.7% 
more than in 1983. 

Mining equipment.—Sales in 1984 were 
$83 million, 1196 more than in 1983. 

Oil country and tubular products.— 
Shipments in 1984 were 300,000 short tons 
and 165,000 short tons in 1988. 

Railroad freight cars.—Deliveries in 1984 
totaled 11,600 compared with 5,127 in 1983. 

Shipbuilding.—The value of 1984 con- 
tracts was estimated as $530 million. 

Steel. —Raw steel production was 92.5 mil- 
lion short tons in 1984 and 84.6 million 
short tons in 1983. 

Steel service centers.—Total shipments in 
1984 were 20.5 million short tons (28% of 


IRON AND STEEL SCRAP 


total U.S. shipments), 18.296 greater than in 
1983. Service centers were the second larg- 
est market for both finished steel products 
and ferrous castings. | 

Tractors.—Units sold in 1984 were 1% 
more than in 1983. 

In 1982-84, about 40 steel foundries termi- 
nated production. Many were large installa- 
tions captive to the heavy equipment manu- 
facturers. The remaining operating steel 
foundries generally attained better quality 
control and greater productivity. 

The total tonnage of ferrous scrap con- 
sumed by domestic consumers and for the 


export market was 75.2 million short tons 


compared with 69.3 million short tons in 
1983. 

In 1984, the Birmingham, AL, area cast- 
iron pipe shops, although operating spas- 
modically and much below rated capacity, 
were consistent buyers of cut structural and 
plate grades of scrap. Minimills in Birming- 
ham and nearby areas had near-capacity 
outputs except in the last quarter of the 
year. In March, Commercial Metals Co. 
resumed operation of the former Connors 
Steel Co. facility in Birmingham, AL, which 
was idle for several years. Demolition of the 
old Ensley, AL, steel mill produced about 
4,000 short tons per month of cut structural 
and plate. Major brokers became more se- 
lective on receipts of raw scrap and tighten- 
ed their inventories of processed scrap. 

The Chicago, IL, scrap market was con- 
strained by extended delivery contracts at 
fixed prices. Traders acknowledged that the 
price for No. 1 heavy melting scrap was no 
longer suitable for establishing market av- 
erages in the Chicago, IL, district where 
scrap buying and prices followed the steel 
industry's short-term needs. One winning 
bidder considered his 70-gross-ton receipts 
of bundles in gondola cars as an attractive 
inducement because most processors were 
unable to compactly load gondolas to obtain 
this payload weight. 

The generation of No. 1 bundles and No. 1 
busheling in the Pittsburgh, PA, area 
could not satisfy demands. As a result, 
these grades were brought in from western 
and southern sources. Customers in the 
Youngstown, OH, area obtained No. 1 
busheling from Chicago, IL, and Detroit, 
MI, where several metal stamping and fab- 
rication plants were in operation. Other 
grades of scrap generated and processed in 
the Pittsburgh, PA, area were barged to 
gulf coast consumers. Traders emphasized 
that industrial scrap must be sold soon after 
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it is produced. Broken ingot molds brought 
$124 per short ton, f.o.b. Pittsburgh, PA, 
steel mills, and brought more than $134 per 
short ton on a delivered basis. Scrap de- 
mand in the Pittsburgh area was below 
normal because some major steelmakers 
restarted iron blast furnaces while their 
electric furnaces remained idle. 

No. 1 heavy melting steel scrap was one of 
the most-sought' grades purchased by 
steel mills, while foundries preferred struc- 
tural and plate scrap. Shredded scrap was 
the only grade for which both steel mills 
and foundries competed. Foundries pre- 
ferred "industrial" shredded and cupola- 
cast grades to control contaminants such as 
zinc, copper, and stainless steel. 

The increased share of total raw steel 
from electric arc furnaces in recent years 
widened the specifications’ variances be- 
tween mills and created special grades of 
scrap. Some domestic scrap customers re- 
quired uncoated black steel bundles, and 
other customers refused to buy painted, 
galvanized, and ferrous wire components. 
Turnings for export were required to be free 
of cast-iron borings, rags, oil, and short 
shoveling turnings, all of which have been 
associated with spontaneous combustion. 

The David J. Joseph Co., Cincinnati, OH, 
stated that in 1983, purchased scrap aver- 
aged nearly 40 short tons per 100 short tons 
of raw steel produced compared with 27 per 
100 short tons of raw steel produced be- 
tween 1954 and 1970. 

Some domestic consumers of scrap re- 
duced their stocks expecting inventories to 
be maintained by scrap processors. This 
practice was feasible in several areas of the 
country where scrap delivery was on a 
“just-in-time” basis. 

Stocks of ferrous scrap held by all domes- 
tic consumers at yearend totaled 5.26 mil- 
lion short tons compared with 5.81 million 
short tons at yearend 1983. In early 1984, 
some mills in the Great Lakes region had an 
insufficient supply of scrap; as a result, 
some east coast exporters filled the deficien- 
cy. 
The fourth updated biennial study pre- 
pared by Robert R. Nathan Associates for 
the Metal Scrap Research and Education 
Foundation indicated a 743.9-million-short- 
ton backlog of ferrous metal discards in the 
United States at yearend 1983. This total 
was 60 million short tons over the 684- 
million-short-ton total on December 31, 
1981. An official of the Institute of Scrap 
Iron and Steel (ISIS) predicted a faster 
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annual increase because of the increasing 
introduction of hazardous materials into 
obsolete scrap that will inhibit its process- 
ing. 

An ISIS survey indicated that less than 
150,000 short tons of ferrous and nonferrous 
scrap was recovered in 1984 from municipal 
solid waste. About 100,000 short tons of 
these metals was marketed for recycling. 

The 1982 Census of Wholesale Trade 
shows 2,029 U.S. iron and steel scrap proces- 
sors with total sales of $3.6 billion and 1,864 
dealers with sales of $2.7 billion. 

Some activities of ferrous-scrap-related 
groups or institutes are noted. ISIS hailed 
the decision of European Community (EC) 
countries to reject controls of their ferrous 
scrap exports. ISIS submitted a proposal to 
the Office of Management and Budget to 
classify ferrous scrap processors as manu- 
facturers in the Standard Industrial Classi- 
fication manual on which no action devel- 
oped by yearend, and ISIS developed a 
right-to-know compliance program for ISIS 
members regarding the toxic effects and the 
proper handling of hazardous materials in 
raw scrap. Commercial Metals, Dallas, TX, 
in June withdrew its memberships in ISIS 
and the National Association of Recycling 
Industries (NARD. The American Iron and 
Steel Institute (AISI) considered ways to 
interpret undifferentiated technical operat- 
ing data from the LTV Corp. and the Re- 
public Steel Corp. after their merger. The 
problem developed after the U.S. Depart- 
ment of Justice prohibited the two compa- 
nies from providing plant-specific data on 
their outputs and capacity utilizations to 
the AISI. The American Society of Metals 
compiled and published in August 1984 a 
chapter on the “Basics of Scrap Recycling." 
The chapter comprised contributions from 
AISI, ISIS, NARI, Luria, and the U.S. 
Bureau of Mines. 

A new company, Scrap Management In- 
ternational Inc., Pittsburgh, PA, offered a 
new concept of service to the ferrous scrap 
processing and the scrap generating indus- 
tries to increase the return obtained from 
scrap sales. The new company provided this 
service on a “percentage-of-savings” basis. 

Samuel G. Keywell Co., Detroit, MI, open- 
ed a new stainless steel scrap and alloy- 
scrap processing facility in Chicago, IL. The 
facility was formerly operated by the Stain- 
less Steel Processing Co. Keywell had a 
total of three yards, all started in the past 3 
years. 
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Diamond Scrap Yards Inc., Waukegan, 
IL, with a peak output of 12,000 short tons 
per month from 85 employees, terminated 
operations and converted its 15-acre proper- 
ty into a condominium site. The Joseph Co. 
opened a new district office in Omaha, NE, 
to coordinate brokerage activities and to 
control the firm’s railcar dismantling oper- 
ation in Norfolk, NE. The Joseph Co. closed 
its brokerage office in Los Angeles, CA, in 
February. 

A 1984 NARI survey revealed the follow- 


1. U.S. scrap processors spent 50% more 
for capital investments than in 1983. 

2. Many recyclers planned operations at 
minimum possible employee levels. 

3. Scrap sold on a brokerage basis was 
78% more than in 1981. 

4. The typical processor obtained 41% of 
incoming scrap from dealers and industrial 
plants and 20% from carters, local recycling 
operations, government dismantlers, and 
metals recovered from municipal waste. 

5. Of the total scrap obtained, 50% came 
from sources within a 50-mile radius of the 
processing yards. 

6. Processors representing 57% of the 
industry reported 5-day, one-shift oper- 
ations, and 6% of the industry operated on 
a 6-day, one-shift basis. 

7. And about 25% of the processed scrap 
was shipped from the yards by railroad, and 
the remainder by trucks offering lower 
freight rates and more efficient delivery 
service. 

Commercial Metals, Dallas, TX, (1) ac- 
quired yards in Austin, TX, Galveston, TX, 
and Chattanooga, TN, (2) closed its yard in 
Eagle Pass, TX, and (3) transferred its 
processing equipment to its Corpus Christi, 
TX, facility. At yearend 1984, Commercial 
Metals had one minimill in Seguin, TX, and 
another in Birmingham, AL, that was 
purchased from Connors Steel in December 
1983. Commercial Metals subsidiary, Rail- 
road Salvage Co., based in Dallas, TX, and 
specializing in railroad salvage and rail 
scrapping, was quite profitable because of 
the increased demand for scrap rail by 
Midwest minimills. Minkin Industries, 
Williamsport, PA, acquired Baker's scrap- 
yard in Lewisburg, PA. Minkin had its own 
transportation and maintenance facilities. 
Georgetown Steel Corp., Georgetown, SC, a 
minimill owned by KORF Industries, sold 
its 30% share in Addelstone International 
Corp. to Addelstone in June. Addelstone 
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continued supplying all of Georgetown 
Steel's scrap requirements. Prolerized New 
England Co. bought Metal Processing Co., a 
subsidiary of Steelmet Inc., Pittsburgh, PA, 
for $6.35 million in cash. | 

National Metal and Steel Corp. expanded 
its scrap-loading wharf at Terminal Island 
in San Pedro, CA, on land leased from Los 
Angeles, CA. The expansion, to be com- 
pleted in mid-1986, will involve dredging to 
a 45-foot depth and increasing the length of 
the wharf to 1,000 feet to accommodate 
40,000-ton scrap carriers. 

Steelmet asked a Federal bankruptcy 
judge's approval to sell a subsidiary, Metro 
Iron and Metal Corp., Miami, FL. Steelmet 
(McKeesport, PA) and Metro filed for pro- 
tection under chapter 11 of the Bankruptcy 
Code. Steelmet, a major processor and 
broker of stainless steel scrap, earlier had 
filed a reorganization plan whereby Steel- 
met would be purchased by ELG Haniel 
Metals Corp. of the Federal Republic of 
Germany. 

Witte-Chase Corp., a major ferrous scrap 
processor, broker, and exporter, changed its 
name from Schiavone-Chase Corp. effective 
October 1. Witte-Chase established a new 
subsidiary, Nicromet Inc., to enter the 
Stainless steel and nickel-alloy scrap mar- 
ket and to export these materials from its 
Port Newark, NJ, terminal that was pur- 
chased from Luria in 1983. Witte-Chase also 
had a scrapyard in Brooklyn, NY, operating 
under the name Newton Steel. 

Illinois Scrap Processing Inc., Chicago, IL, 
bought an 8.5-acre industrial site on the 
Calumet River for $530,000. The firm will 
use the site to diversify into a boat, storage, 
and repair business. 

Proler International Corp., Houston, TX, 
operated 20 U.S. processing plants to supply 
a substantial tonnage of scrap for export. 

The Department of Justice announced in 
June that a grand jury indicted, for bid 
rigging and mail fraud, the Wilcoff Co., 
Youngstown, OH, H. Wolfe Iron and Metal 
Co., and New Castle Junk Co., both in New 
Castle, PA. A South Carolina court in mid- 
year ruled that Ackerman Metals Inc., 
Sumter, SC, was a manufacturer and thus 
was exempt from the State's ad valorem 
property tax. 

Cuyahoga Wrecking Corp., Great Neck, 
NY, and the Tube City Iron and Metal Co., 
Bala Cynwyd, PA, agreed that the latter, 
operating as a broker, would be the sole 
marketer for the scrap generated by Cuya- 
hoga Wrecking, the contractor, most of 
which will be processed at the demolition 
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site. This agreement could establish a prece- 
dent because scrap from dismantled domes- 
tic and industrial structures erected be- 
tween 1900 and 1930 accounted for 2596 of 
recoverable obsolete scrap in 1984, second 
only to the 35% from automotive scrap. 

News relating to the purchase of steel 
minimills by scrap processing firms indicate 
a possible emerging trend. Commercial Met- 
als operated minimills in Seguin, TX, and 
Birmingham, AL. Schnitzer Steel Products, 
Portland, OR, purchased Cascade Steel 
Rolling Mills Co.'s minimill in McMinnville, 
OR. Chapparal Steel Co., Midlothian, TX, in 
1982, purchased the scrap metal operation 
of Schwartz Iron and Steel Metal Co., Texas 
City, TX, to produce scrap for Chapparal's 
minimill. 

Costs of some scrap processing equipment 
were shown in the American Metal Market 
of February 1, 1984. A 1,500- to 3,000- 
short-ton-per-month shredder cost $400,000; 
auxiliary equipment for this size shredder, 
comprising conveyors, magnets, and anti- 
pollution devices, totaled $500,000; and 
total delivery and installation costs were 
$300,000. A medium-size shredder had a 
total installed cost of $1.7 million, and a 
large-output shredder had a total cost of 
$3.0 million. A medium-output shredder 
required 36 hammers, each weighing 250 
pounds; their replacement cost after proc- 
essing 6,000 automobile hulks was $8,000. A 
hydraulic guillotine shear cost $3.0 million 
excluding installation expense, and a large 
baler cost $1.7 million plus $200,000 for 
installation. | 

The third Scrap Age shredder survey 
compiled in July-September 1984 listed 182 
U.S. shredders, 7 more than in 1980.. Their 
total annual capacity was estimated at 13.3 
million short tons. In 1984, there were 20 
shredders in Canada having an estimated 
capacity of about 1.1 million short tons. The 
survey also listed 47 shredders in the world, 
other than the United States and Canada, 
for which the annual capacity was not 
stated. 

Some newly developed processing equip- 
ment available to the scrap industry includ- 
ed (1) briquetting machines and systems 
from Bepex Corp., Chicago, IL; (2) the RB- 
120 Rail Breaker by the Harris Press and 
Shear Co., Cordele, GA; (3) dumping con- 
tainers, for mounting on the user’s truck 
body, from Able Body Co., Newark, CA; (4) 
portal cranes from the Harnischfeger Corp., 
Milwaukee, WI; (5) high-tonnage guillo- 
tine shears from Logemann Brothers Co., 
Milwaukee, WI; (6) Italian shear blades and 
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shears distributed by Newell Industries 
Inc., San Antonio, TX; (7) a portable shear 
for use at demolition sites was available 
from U.S. Shear Machine Co., La Crosse, 
WI; (8) six models of the Scrap Snapper 
from Waltsco Inc., Special Products Div., 
Wallingford, CT; (9) the Zerdirator—an in- 
stallation combining the advantages of the 
shredder, compactor, and separator—from 
Lindemann KG GmbH and Co., Dusseldorf, 
Federal Republic of Germany; (10) a mobile 
shredding system by the Saturn Shredders 
Div. of the MAC Corp., Grand Prairie, TX; 
(11) a mobile shear-type shredder from 
Shredding Systems Inc. Wilsonville, OR, 
and; (12) the Analyst 770, an energy-dis- 
persive x-ray fluorescence spectrometer 
from the Kevex Corp., Foster City, CA. 

Scrap processors increasingly encount- 
ered materials presenting safety or health 
hazards in the workplace and which in 
some situations posed a threat to public 
health. These materials include those hav- 
ing a direct physical danger arid those 
inherently dangerous in composition. One 
cátegory currently drawing attention is air- 
bag inflation metal canisters containing a 
chemical, sodium azide, suspected of caus- 
ing cancer. While not explosive in itself, 
sodium azide is easily converted to metallic 
and halogen azides that can be detonated by 
the slightest impact, electrical ignition, and 
arsonists. 

ISIS requested a detailed review by the 
National Highway Traffic Safety Adminis- 
tration (NHTSA) of the hazards of chemical- 
containing canisters remaining in the auto 
hulks to be processed by the ferrous scrap 
industry. 

Two new devices were tested in a Wash- 
ington, DC, automobile dismantling yard 
for detecting unspent metal canisters con- 
taining chemicals for inflating safety bags 
in hulks destined for processing. The de- 
vices relied on an electronic system, requir- 
ing no additional power source, that contin- 
ued to emit signals after two hulks were 
flattened. Further testing of the devices was 
planned to determine their costs and the 
longevity of their signals. 

The U.S. Department of Transportation 
on July 11 mandated use of airbags or 
automatic seatbelts on new automobiles 
beginning in 1989. This mandate, with re- 
spect to the inflatable safety bags, augured 
a danger to the ferrous scrap industry and 
will create hazardous waste disposal prob- 
lems unless preventative measures are 
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established, according to the ISIS. 

NARI formed a Toxic Materials Guide- 
lines Committee that will develop industry 
guidelines and standards for the safe han- 
dling of metals that are potentially toxic. 

Venti-Oelde, a leading West German 
manufacturer of shredder-dust-extraction 
and material-handling systems, developed 
shredding equipment to withstand a pres- 
sure surge up to 45 pounds per square inch 
(8 bars). 

The second major hazard was radioactive 
materials. Radioactive materials most like- 
ly to be encountered by scrap processors are 
relatively weak isotopes contained in indus- 
trial gauging devices. Although these de- 
vices are under rather stringent Govern- 
ment control, they occasionally get into 
unprocessed scrap as the result of theft or 
improper disposal. If the radioactive proc- 
essed scrap leaves the yard and gets into 
finished ferrous castings, these products 
may be later traced back to the processing 
yard. The yard must then be closed for 
decontamination and the remaining con- 
taminated scrap must be disposed of, with 
the cost of both actions borne by the scrap 
processor. 

ISIS, assisted by the Nuclear Regulatory 
Commission, published a new booklet, Cau- 
tion! It Could Be Radioactive Scrap," to give 
guidelines to ISIS members on the uses of 
radioactive materials, how to recognize 
equipment containing them, and what to do 
with them. 

In mid-1984, the U.S. Navy had 9 decom- 
missioned  nuclear-powered submarines 
awaiting disposal, and another 100' were 
expected to be retired in the next 30 years. 
The Navy announced that the reactor com- 
ponents will be buried in low-level-radiation 
sites in Washington and South Carolina, 
and the nonradioactive hulks will be sunk 
at sea or sold for scrap. 

The Federal Government and 21 States 
had adopted "right-to-know" laws that re- 
quire all industries, including scrap proces- 
sors, to inform workers and customers 
about any hazardous materials they might 
encounter in the scrapyard or its products. 
To protect itself, a scrapyard could obtain 
Material Data Safety Sheets from metal 
producers and vendors of each material 
likely to be handled in the processing yard. 
These safety sheets were also available to 
purchasers of the recycled scrap from the 
processing yard. 
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TRANSPORTATION 


Use of trucks for ferrous scrap haulage 
increased significantly as railroad service 
deteriorated and railroad freight rates con- 
tinued an upward trend. New, smaller ton- 
nage steel mills were designated to take 
advantage of the more efficient and faster 
movement by truck of incoming scrap and 
shipments of their steel products. 

The National Truck Rate Advisory Coun- 
cil on August 27 filed an action against the 
Department of Transportation and the 
Federal Highway Administration to over- 
turn recently established Federal regula- 
tions governing truck weights on the Inter- 
state Highway System. 

Railroad transportation rates in 1984 
could be negotiated, concluded, and made 
legal on an “on-the-spot” telephone call 
basis as a result of the Staggers Rail Act 
that permitted this freedom to react to the 
market with demand-sensitive rates. 

One major railroad considered transport- 
ing briquetted scrap and shredded scrap in 
open-top hopper cars to compensate for the 
shrinking count of the gondola car fleet. 
High demand created spot shortages of 
gondola cars suitable for ferrous scrap and 
finished steel transportation. 

Effective June 4, the Burlington North- 
ern Railway Co. reduced its penalties for 
overloaded rail cars. The new tariff supple- 
ment eliminated fines for 4,000 pounds or 
less overloads and reduced other fines by 
$400 to $600. 

Class I railroads on August 1, 1984, owned 
125,401 gondola cars and a total of 975,204 
freight cars. On August 1, 1983, Class I 
railroads owned 130,051 gondola cars and a 
total of 1,020,368 freight cars. At yearend 
1984, about 150,000 freight cars were class- 
ed as surplus. The Trailer Train Co. conver- 
ted 400 obsolescent G-85, 85-foot-long flat- 
cars into container-only cars. 

Several news items indicated an improv- 
ed situation for the carbuilding business. 
The Consolidated Rail System (Conrail) in 
its Hollidaysburg, PA, car shop began con- 
struction of 250 52-foot-long, 100-ton- 
capacity gondola cars for scrap hauling 
costing $9.6 million. Bethlehem Steel 
Corp.’s Freight Car Div., Johnstown, PA, 
reopened its carbuilding shop in March to 
handle a 312-car order. The CSX System 
increased its freight car reconstruction ac- 
tivities in Raceland, KY, because of the 
greater need for hopper cars and boxcars. 
Duchossois-Thrall, a division of Duchos- 


sois Industries Inc., acquired the United- 
American Car Co., Cartersville, GA, rated 
at an output of 2,500 cars per year. Du- 


-chossois-Thrall’s three plants in Chicago 


Heights, IL, had a 4,500-freight-car annual 
capacity. The Richmond Tank Car Co., 
Houston, TX, resumed production of cov- 
ered hopper cars for plastic shipments and 
recalled 150 employees. The American Car 
and Foundry Co. (ACF) permanently closed 
its 4,000-car-per-year plant in St. Louis, MO, 
that was idle since May 1982. ACF con- 
tinued operation of its other freight car 
plants in Huntington, WV, and Milton, PA. 

In 1984, 15,460 freight cars were ordered, 
compared with 6,083 in 1983. In the first 10 
months of 1984, 400 were delivered, com- 
pared with 198 in 1983. 

The Ortner Freight Car Co., a subsidiary 
of Ogden Corp., New York, NY, in February 
obtained five contracts to build 757 all-steel 
cars costing $36.1 million, and options for 
195 additional cars at an aggregate price of 
$14.9 million. In October, Ortner received 
orders for 150 flatcars costing $12.8 million 
for the U.S. Army and 253 lightweight steel, 
coal-hauling gondola cars costing $9.1 mil- 
lion for the Wisconsin Electric Power Co. 

Lightweight aluminum-containing cars 
received more attention. Ortner received 
orders for 273 coal-hauling gondolas for 
Intermountain Power Project and 366 gon- 
dolas for the Detroit Edison Co. In Decem- 
ber, the Alcan Aluminum Corp., Cleveland, 
OH, and Thrall Car Manufacturing Co., 
Chicago Heights, IL, formed a joint venture 
known as the Aluminum Railcar Co., to 
build aluminum-containing cars in Thrall’s 
plant. The aluminum-containing railcar is 
20% to 35% more expensive but 15% less in 
weight than its steel counterpart. Current- 
ly, aluminum components account for about 
27% of the final car’s weight. Investigations 
and new designs were continued in order to 
reduce the weight of the car and to permit 
larger payloads. 

New freight car construction increased 
the demand for scrap used for producing 
steel products, steel castings, and forgings. 
The average monthly shipments, in short 
tons, of forged car wheels was 5,192 in 1984 
and 4,116 in 1983. The monthly average 
tonnage of forged axles shipped was 2,762 in 
1984 and 1,720 in 1983. 

Orders for new rails increased in 1984 as 
the glut of reusable rail from abandoned 
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railroads had diminished. New rails and 
track accessories shipped from U.S. mills in OH, obtained orders for 122 complete trucks 
1984 totaled 1.2 million short tons compared for rapid transit and commuter cars built in 


with 883,907 short tons in 1983. 


Buckeye Steel Castings Co., Columbus, 
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Canada and Japan. 


PRICES 


The prices of most grades of scrap in the 
Pittsburgh area in midyear were establish- 
ed almost entirely on an appraisal basis; at 
the same time, the consumer demand in the 
Pittsburgh area for cupola-cast grade was 
nearly nonexistent, and short shoveling 
turnings were difficult to sel] unless they 
could be guaranteed as alloy free. 


Consumer 


Steel manufacturers 

Steel castings 
manufacturers 

Iron castings 
manufacturers 


The tonnages and delivered average 
prices in dollars per short ton, for all grades 
of scrap purchased from brokers, dealers, 
and other outside sources by manufacturers 
of pig iron and raw steel, manufacturers of 

steel castings, and manufacturers of iron 


castings were as follows: 
Quanti Approximate de- 

n 7 ivered value 

sand Total 

short (mil- Average 

tons) lions) 

25,675 $2,054 $80 
1,205 111 92 
7,445 596 80 

34,325 2,761 180 


lAverage dnb the first 6 months was $84, and $76 in the 


second 6 months. 


Receipts of all types of scrap accounted 
for $29 of the $547-per-short-ton average 
price of finished steel shipments; for $116- 
per-short-ton of steel castings shipped; and 
$73-per-short-ton of iron castings shipped. 


Grade 


No. 1 heavy melting 
No. 1 bundles 
Shredded ________ _ 


Total or average 
XX Not applicable. 


The tonnages and values of the four ma- 
jor grades received by all domestic pur- 
chasers from brokers, dealers, and other 
outside sources were as follows: 


tity 
1 Value 
(thou- (mil. Average 
sh ort lions i 
tons) 
8,195 $590 $72 
5.872 528 90 
3.085 278 90 
1.567 143 9] 
18,719 1,539 XX 
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Figure 1.—Raw steel production (AISD, total iron and steel scrap consumption, pig iron 
consumption, home scrap production, and net scrap receipts. 


FOREIGN TRADE 


Ferrous scrap exports increased 26.3% 
over those of 1983 and were the largest 
tonnage since 1980 when 11.2 million short 
tons was exported. The tonnages and values 
of the 1984 exports, as released by the 
Bureau of the Census, were as follows: 


Customs value 
Quantity —————————— 
Type (short Total 
tons) (thou- Average 
san 
Ferrous |... 9,234,503 $804,140 $87.08 
Stainless steel! 163,542 96,426 589.61 
Alloy steel 
(excluding stainless) 100,231 17,415 173.75 
Total or average 9,498,276 917,981 96.65 


Canada, Japan, the Republic of Korea, 
and Turkey collectively received 6.1 million 
short tons valued at 5554 million and aver- 
aging $90.97 per short ton. 

Scrap exports from the Northeast United 
States were at a 4-year peak in midyear. 
The reduced tonnage of processed scrap 


available for consumers in the New York 
and New Jersey areas caused the price of 
the No. 1 heavy melting grade to reach 
$78.57 per short ton delivered, a $5- to 


. $6-per-short-ton increase in a month. 


The tonnages and customs value of the 
total ferrous scrap exported through the 
five leading customs districts were as fol- 
lows: 


: "T Quan- Customs value 
rea and leading tity Total 
district (short thou. Average 
tons) sands) | 
East coast: New York, 

NY- b eldest = 1,787 $177,011 $99.05 
Great Lakes: Detroit, MI 608 49, 577 81.54 
Gulf coast: New Orleans, 

CFC 512 54,186 105.83 
Inland: Laredo, IX 374 36,441 97.44 
West coast: Los Angeles, 

„„ 1.203 126, 070 104.80 

Total or average 4,484 443, 285 98.86 


Source: Bureau of the Census. 


1985 
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The tonnages and values of stainless steel 
scrap and alloy steel scrap (except stainless) 
exported from the five leading customs 


Area 


Detroit, MI: 
Stainless steel 
Alloy steel ______ 


Total or average: 
Stainless steel 
Alloy steel! 


The three countries that received the 
largest tonnages of U.S. stainless steel scrap 
were Japan, 51,686 short tons; Spain, 29,884 
short tons; and Belgium, 25,054 short tons. 
Collectively, these countries received 65.2% 
of the total stainless steel exported. 

Exporters of U.S. stainless steel scrap 
reportedly preferred selling to European 
mills that were accustomed to the meltdown 
purchase practice, rather than selling to 
Japanese mills that maintained the quality- 
inspection system. 

The distribution and values of several 
major grades of scrap supplied by brokers, 
dealers, and other outside sources to domes- 
tic consumers and for exports, in thousand 
short tons, were as follows: 


Type consumers Exports Total 

No. 1 heavy melting 8,195 2,512 10,707 
No. 2 heavy melting 2,157 879 3,036 
No. 1 bundles 5,872 77 5,949 
No. 2 bundles 1.205 286 1,491 
Boring, shovelings, 

eee 33 1,193 800 1,993 
Shredd ec 3,085 2,775 5, 860 

Total 29,036 


21.707 7.329 , 
Value, thousands $1,659,179  !$615,122 $2,274,301 


1Customs value, Bureau of the Census. 


Shredded and No. 1 heavy scrap were the 
leading grades of scrap exported. No. 2 
heavy melting was third with 0.88 million 
Short tons, and borings, shovelings, and 
turnings was fourth with 0.8 million short 


tons. 
In the first 8 months of 1984, the prevail- 
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districts, according to the Bureau of the 


‘Census, were as follows: 
Quantit Customs value 
ity 
(short Total 
tons) (thou- Average 
sands) 
10,254 $4,483 8437.20 
17,024 1,876 110.20 
583 215 471.70 
2,010 239 118.91 
27,957 16,576 592.91 
6,065 2,284 376.59 
21,665 12,683 585.41 
60 45 750.00 
25,276 15,846 626.92 
12,809 3,019 235.69 
85,735 49,863 581.59 
37,968 7,463 196.56 


ing prices for the top grades exported were 
about $10 per short ton less than in the last 
third of 1984. Reportedly, this price decline 
was caused by a weaker domestic demand. 

A proposed ban by EC countries of ex- 
ports to non-EC countries was expected to 
increase U.S. exports to the Mediterranean 
area, India, and Japan. 

Exports of U.S. scrap to China increased, 
even though Brazil contracted to deliver 
670,000 short tons of pig iron to China. 
The Tex Report, August 13, 1984, shows 
the estimated current annual export capaci- 
ties for ferrous scrap at U.S. ports as fol- 
lows, in thousand short tons: 


Atlantic: 
New York City 1,000-2,000 
Philadelphia 
Don. vr S eh ccs 300- 400 
N SEN ³ A a 390 
ridge port 
Southern Atlantic: 

Baltimore to Miami 700 
Gulf coast 200 
Pacific: 

Los Angeles 800 

San Francisco 600- 700 

Seat tte 300 
Othéf — — ————— teme 200 


Imports of ferrous scrap, excluding 5,242 
short tons of scrap tinplate, totaled 572,010 
short tons valued at $46.9 million. The 
Detroit district handled 249,147 short tons, 
and the Seattle, WA, customs district han- 
dled 185,978 short tons. Canada supplied. 
532,241 short tons valued at $41.7 million; 
Mexico supplied 20,990 short tons valued at 
$2.9 million; and 21 other countries supplied 
18,779 short tons valued at $2.2 million. 
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WORLD REVIEW 


Foreign shipbreaking activities continued 
to contribute significantly to the worldwide 
scrap supply. Major areas of shipbreaking 
activities were the Far East, the Indian 
subcontinent, the Mediterranean, Western 
Europe, and the Western Hemisphere. The 
Far East, the largest market for ships to be 
scrapped, comprises Taiwan, the Republic 
of Korea, and China, with vessels occasion- 
ally destined for Japan, Hong Kong, Singa- 
pore, Indonesia, and Thailand. Small ton- 
nages are broken in Bangladesh, India, and 
Pakistan. Activity in Portugal, Italy, Yu- 
goslavia, Turkey, and Greece is only inter- 
mittent. Spain occasionally purchases ships 
for breaking. In Western Europe, ship- 
breaking is insignificant in the Federal 
Republic of Germany, Belgium, the Nether- 
lands, France, Sweden, Finland, and the 
United Kingdom. Breaking activities are 
minor in the United States, Canada, Colom- 
bia, Peru, Argentina, East Africa at Mom- 
basa, the Republic of South Africa, and 
Saudi Arabia. Large vessels, chiefly in de- 
mand in Taiwan and the Republic of Korea, 
bring the highest price per lightweight 
gross ton (the displacement of a ship com- 
pletely equipped but unladen). Next in de- 
mand are large bulk carriers, while smaller 
vessels at varying lower level prices tend to 
go to those areas in the Indian subcontinent 
that break ships on the beach. 

A ship typically yields a 98-weight- 
percent-scrap content, the majority of 
which is good quality 1/2-inch plate salable 
in large pieces for direct further use or for 
rerolling into marketable steel products. 
Ships are sold directly or through third 
parties. Sales are often hampered because 
foreign currency is not readily available or 
there are restrictions imposed by import 
licenses or government purchasing agents 
who regulate tonnages and prices. Prices 
depend on the size and condition of the 
vessel and the distance from the last port of 
call or laidup location. Currently, there is 
an oversupply of ships, especially large 
tankers. Reportedly, total world oversupply 
is 90 million deadweight short tons, includ- 
ing about 1,680 laidup vessels, of which 425 
are tankers totaling 75 million deadweight 
short tons. Deadweight tonnage is the car- 
rying capacity of a ship in short tons (2,000 
pounds). Because new ships are more fuel 
efficient, it is generally agreed that there 
are no prospects of a shortage of those ships 
that are unlikely to be operated profitably 
in the future. 


Typical prices in dollars per lightweight 
short ton in 1983 were Far East, bulk 
carriers, $95, and tankers, $100; Indian 
subcontinent, bulk carriers, $75, and tank- 
ers, $78; and Mediterranean area, bulk 
carriers, $33, and tankers, $47. Variations 
in price may also be caused by factors other 
than supply and demand. 

Fearnleys, a Norwegian shipping agent in 
its "Review 1983," reported that at yearend 
1983, the world bulk fleet comprised 7,837 
vessels totaling 560.7 million deadweight 
short tons, of which 56% was tanker ton- 
nage. In 1983, the net reduction of the bulk 
fleet was 14.2 million deadweight short tons 
compared with 7.6 million deadweight short 
tons in 1982. In 1983, scrapping and losses 
were at a record-high 32.8 million dead- 
weight short tons compared with 30.0 mil- 
lion deadweight short tons in 1982. Dele- 
tions from the fleet in 1983 mainly compris- 
ed very large cargo carriers (VLCC). The 64 
VLCC broken in 1983 totaled 17.9 million 
deadweight short tons comprising 43 vessels 
built in 1972, 16 vessels built in 1973-74, and 
5 built after 1974. Taiwan purchased 37; the 
Republic of Korea, 25; Pakistan, 1; and 
Japan, 1, for use as a breakwater. Petro- 
leum companies sent 16 VLCC's for demoli- 
tion. The largest vessel sold for breaking in 
1983 was 616,000 deadweight short tons 
built in 1977. 

The Tex Report of December 26, 1984, 
stated that in the first 11 months of 1984, 
713 vessels totaling 30.1 million deadweight 
short tons entered the world demolition 
market. Included in the total were 12 tank- 
ers (and other oil carriers) totaling 1.3 
million deadweight short tons and 59 bulk 
carriers (and other non-oil carriers) totaling 
1,081,000 deadweight short tons. 

A London broker, E. A. Gibson Ltd., 
stated that at yearend 1983, 356 tankers 
and dry carriers totaling 69.1 million dead- 
weight short tons were laidup. 

The London shipbroker Harley, Mullion 
and Co. reported that more ships were sold 
for scrap in 1984 than in 1983. However, the 
total tonnage of 29.6 million deadweight 
short tons sold in 1984 was 11.4% less than 
the 37.4 million deadweight short tons sold 
in 1983. This report recognized the emer- 
gence of China during 1984 as a major force 
in the shipbreaking market. 

Far East shipbreakers in the last half of 
1984 contracted for 27 VLCC's for demoli- 
tion. Six ships for the Republic of Korea 
totaled 234,031 lightweight short tons; 4 
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ships for China totaled 158,426 lightweight 
short tons; 1 for Japan accounted for 36,235 
lightweight short tons; and 16 for Taiwan 
totaled 672,078 lightweight short tons. The 
average contract price for these 27 VLCC's 
was $128 per lightweight short ton. 

The Australian Government by April 19 
had received 16 bids from Japanese and 
Chinese shipbreakers for the 14,280- 
lightweight-short-ton Her Majesty s Austra- 
lian Ship Melbourne. This active response 
was apparently due to the high added value 
of materials obtainable from a warship. 

A Brazilian steelmaker, Siderürgica Aco- 
Norte S.A., imported four ships for scrap- 
ping at a cost of $68.04 per short ton. The 
tonnage of domestic scrap purchased by 
AcoNorte in 1984 was one-fourth of the 
domestic tonnage bought in 1983. Prices at 
yearend 1984 were $61.69 per short ton or 
$20.87 per short ton more than at yearend 
1983. Brazil’s 1984 consumption of scrap 
was forecast as 6.3 million short tons, 23% 
more than in 1983. 

Chinese shipbreakers in 1983 broke 
448,000 lightweight short tons of ships, all 
under 11,200 short tons, in Dalien, Shang- 
hai, Tienjin, and Quingdo. In the first 9 
months of 1984, China became third in 
world shipbreaking by handling 103 ships 
totaling 778,495 lightweight short tons. In 
June, the Nippon Shipbuilding Industries 
Association sent a mission to survey China’s 
existing shipbreaking operations. In Sep- 
tember, the Chian Shipbreaking Industry 
Corp. sent a research mission to Japan for 
technical guidance in breaking VLCC’s and 
to observe the rerolling of scrap into bars. 

The Liaoning Provincial Ship Scrapping 
Co. near Beijing started shipbreaking in 
June 1983. Ten berths of the company in the 
first 9 months of 1984 had broken 14 ships 
weighing 112,000 lightweight short tons 
received from the United Kingdom, Japan, 
Sweden, and the Netherlands. By yearend, 
the company planned to dismantle eight 
more ships totaling 78,400 lightweight short 
tons. 

A West German broker in early 1984 
purchased two ships for $70 per lightweight 
ton for resale to breakers in Yugoslavia and 
Bangladesh. 

Indian shipbreakers were concerned be- 
cause of the new breaking operation in Sri 
Lanka, India’s unfavorable import duties, 
and the routing of all shipbreaking sales 
through the state-owned Metal Scrap Trade 
Corp. (MSTO) that discouraged the entry of 
ships into India for breaking. Reportedly, 
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some of these ships were diverted to the Sri 
Lankan Port of Tricomales, before sending 
to the Lanka Shipbreaking and Industries 
(Pte.) at Galle for breaking. This new facili- 
ty, the first in Sri Lanka, is jointly owned by 
Sri Lanka Ports Authority, 51%; East Pros- 
per Industries of Singapore, 40%; and Tai- 
wanese interests, 9%. The Galle facility can 
scrap vessels up to 11,000 lightweight short 
tons. Indian breakers feared that the move- 
ment of ships to Sri Lanka will further 
reduce the 336,000 lightweight short tons 
handled by Indian breakers in 1983. Indian 
breakers urged a drastic reduction of the 
87% to 98% import duty on ships destined 
for breaking and the removal of restrictions 
that allowed only 1 ship for each of 40 
breakers and the limiting of their work 
schedule to 4 months per year. 

A proposal was advanced to construct a 
Shipbreaking facility at Bandar Abbas, 
Iran, to handle 8,960- to 11,200-lightweight- 
short-ton ships. Meanwhile, the escalation 
of activities against tankers in the Persian 
Gulf owing to the war between Iran and 
Iraq increased the price of scrap paid by 
Iranian steelmakers by $8.04 per short ton 
to $125 in June 1984. The price increase 
resulted after some laidup VLCC's were 
returned to service rather than going to 
Shipbreakers. This trend was economically 
attractive because of higher freight charges. 

The Ministry of Transport requested Jap- 
anese shipbreakers to increase their activi- 
ties to reach a 4.0-million-short-ton target 
by yearend 1985. However, shipbreaking 
was considered impractical because of its 
high-cost, labor-intensive nature. Major 
Japanese breakers formed the Joint Associ- 
ation for Ship Scrapping to take advantage 
of the Government’s demolition subsidies 
system, amounting to $11.80 per short ton. 
Before March 1986, the Association planned 
to dismantle four VLCC’s and some smaller 
vessels. Despite the subsidy, the breakers 
expected to incur an overall loss on the 
venture. 

Hyundia Corp., the largest individual 
shipbreaker in the Republic of Korea, de- 
molished 1.1 million lightweight short tons 
in 1983, or 80% of the total tonnage scrap- 
ped in the Republic of Korea that year. 
Many small breakers went out of operation 
in 1983 following a price increase to $116.07 
per lightweight short ton. In the first 9 
months of 1984, 52 ships totaling 997,183 
lightweight short tons were broken in the 
Republic of Korea, the world’s second larg- 
est breaking country. In early February, 
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one South Korean breaker paid $114.29 per 
lightweight short ton for a 16,800-light- 
weight-short-ton turbine tanker. A major 


Japanese shipowner in May sold a 300,000- 


deadweight-ton ship to Hyundia for $130 
per lightweight short ton; a 35,200-light- 
weight-short-ton VLCC brought $116.07 per 
lightweight short ton to two Japanese own- 
ers in September; and Yamashita-Shin- 
nihon sold a 41,440-lightweight-short-ton 
VLCC to Dongkuk Steel Co. in the Republic 
of Korea for December 1984 delivery. The 
International Maritime Industries Forum 
(IMIF) suggested that a breaking yard be 
established in Monrovia, Liberia, where the 
labor force was abundant and a ready mar- 
ket existed for scrap and rerollable plate. 
IMIF discussed the financing of this propos- 
al with the International Bank for Recon- 
struction and Development. IMIF also pre- 
sented a proposal to Malta’s Government 
for a full-scale shipbreaking venture. The 
proposal emphasized the cost advantage for 
breaking ships closer to their laidup sites in 
Western Europe rather than moving them 
to Far East breakers. 

Breakers in Pakistan, who used beaching 
sites only, were only interested in small- 
er ships. Prices paid for 2,401- to 5,040- 
lightweight-short-ton ships ranged from 
$74.11 to $83.04 per lightweight short ton. 

In 1983, Taiwanese breakers demolished 
ships totaling 3.60 million lightweight short 
tons purchased for $380 million. In the first 
9 months of 1984, according to Lloyd’s list, 
Taiwan headed the world’s breaking activi- 
ties by breaking 187 vessels totaling 2.36 
million lightweight short tons. Prices paid 
per lightweight short ton ranged from 
$114.29 to $123.21 for large and medium 
tankers and about $103.57 per lightweight 
short ton for bulk carriers. The bankruptcy 
of the East Asia Steel Corp. and a decline in 
scrap plate prices concerned some Tai- 
wanese breakers. After June 1, 1984, only 
two berths were in operation for disman- 
tling 112,000- to 145,600-lightweight-short- 
ton VLCC’s. Some Taiwanese buyers of 
ships for demolition were Chin Tai Steel 
Enterprise Co.; Chen Nan; Swiy Horng; Nan 
Eng; Kuo Dar; Len’s; Yi Ho; Gi Hsiang; Nan 
Jong; Chin Tai; Gi Yuen; and Tung Ho 
Enterprise. 

Following the Turkish Government’s de- 
cision to ease import restrictions, the Aliaca 
area in the Izmir region was selected for 
development of shipbreaking facilities ac- 
cording to the Lloyd’s list. When fully oper- 
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ational, 16 companies in the Izmir region 
will be able to scrap 20 to 25 vessels instead 
of 2 or 3 vessels that were scrapped prior to 
the Government’s decision. The removal of 
import licenses was intended to reduce the 
imports of scrap currently at 2 million short 
tons per year. In February, prices were 
$44.64 per lightweight short ton, but year- 
end prices were $62.50 per lightweight short 
ton. Turkey did not plan to challenge the 
dominance of Far East breakers. 

The General Accounting Office, in an 
April 19, 1984, report, claimed the U.S. 
Navy in 1981-82 sold 11 old destroyers for 
$5.2 million total. Three of the vessels went 
to Taiwan, two each to the Republic of 
Korea, Greece, and Mexico, and one each to 
Turkey and Pakistan. Prices ranged from 
$286,000 for four ships sold to Taiwan, the 
Republic of Korea, and Greece in early 1981 
to $930,176 for the U.S.S. Cone sold to 
Pakistan in October 1982. The Cone, built in 
1945, had been overhauled 22 months before 
the sale. 

In 1984, U.S. exports of ships for scrap- 
ping totaled 282,777 short tons. 

Australia.—In recent years, one-half of 
the obsolete scrap production was exported. 
However, a deficit of available scrap was 
expected because of the installation of raw 
steel continuous casters in the Port Kembla 
and Newcastle works of The Broken Hill 
Pty. Co. Ltd. (BHP) and a proposed caster 
for Comsteel Vickers at Waratah. A propos- 
ed minimill in Brisbane and another mini- 
mill by Smorgon will create an additional 
scrap demand of 200,000 short tons per 
year. BHP representatives visited the 
United Kingdom in September to talk to 
scrap processors and consumers and to ob- 
serve the recycling of ferrous scrap from 
municipal waste. 

Austria.—Ferrous scrap consumption by 
steelmakers and foundries in the first half 
of 1984 increased to 844,000 short tons 
compared with 753,000 short tons in the 
same period of 1983. Imports were 213,000 
short tons, more than double the 101,000 
short tons imported in the first half of 1983. 
Steelworks’ stocks on June 30, 1984, totaled 
211,640 short tons. 

Belgium.—The country’s restrictions on 
ferrous scrap exports to non-EC countries 
were continued as a means for lowering 
local scrap prices. Exports to non-EC coun- 
tries were about 154,000 short tons per year. 
Scrap prices decreased about $8.62 per short 
ton between June and October. 

China.—A trade mission, after a visit to 
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Brazil to contract for 670,000 short tons of 
pig iron, visited U.S. steel scrap exporters in 
the Atlantic and Pacific coastal regions and 
announced their interest in direct deals 
with the exporters. Philipp Brothers consid- 
ered shipping scrap from the Great Lakes 
area where prices had declined and scrap 
collection was favorable. The Chinese mis- 
sion was interested in pig iron procurement 
from Brazil because of its easier handling in 
the ports of Shanghai and Dalien, where the 
unloading rate of shredded scrap was only 
1,500 short tons per day per cargo vessel. 
This unloading rate was lower than the 
2,000- to 2,500-short-ton-per-day rate in the 
Republic of Korea and the 3,500- to 4,000- 
short-ton-per-day rate in Japan. Additional- 
ly, scrap unloading ports were hampered by 
bottlenecks in inland rail traffic. Southern 
Scrap, a U.S. exporter, chartered a 25,000- 
short-ton bulk carrier to move shredded 
scrap to Dalien from a gulf coast port for a 
$27.50-per-short-ton total for freight plus 
lay charges. This freight plus lay cost was 
about $8.50 per short ton more than for 
shredded scrap movements to Japan. 

European Communities.—Industry min- 
isters in a January 1984 meeting agreed to 
monitor exports of ferrous scrap but re- 
jected Italian and Danish demands for ex- 
port restrictions. The EC representatives in 
April rejected an outright ban of ferrous 
scrap exports. EC nations in 1983 exported 
13.3 million short tons, of which 6.3 million 
short tons went to non-EC countries on a 
free trade basis. Imports from non-EC coun- 
tries in 1983 to EC countries were 1.3 
million short tons. The main EC importing 
countries were Belgium, Luxembourg, and 
Italy, where imports were reduced by in- 
creased domestic collection. Regional devel- 
opment grants to British scrap processors 
allocated by the EC Commission in 1972 
need not be repaid following a ruling in 
October 1984. 

In 1983, Italy exported no ferrous scrap; 
imports totaled 5.4 million short tons, of 
which 4.3 million short tons came from EC 
nations. 

Spanish and Italian steelmakers in May 
rejected the $92.53-per-short-ton scrap from 
EC countries and started purchases from 
U.S. east coast brokers. 

In October 1984, the EC Commission’s 
survey indicated that EC countries held 46 
million short tons of scrap, 12.5% more 
than a year earlier. The Commission fore- 
cast a 1.1-million-short-ton export in 1984 
of EC scrap to non-EC countries, mainly 
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Spain, the Republic of Korea, India, and 
Turkey. The EC Commission started an 
investigation in mid-November 1984 di- 
rected to imposing a 6.7-million-short-ton 
ceiling on 1985 scrap exports to non-EC 
countries. The French, West German, and 
British Governments strongly opposed such 
a ceiling. 

France.—In 1983, of the 353,000 short 
tons of ferrous scrap imported, 347,000 
short tons came from EC countries. Exports 
of scrap in 1983 totaled 3,547,000 short tons, 
of which 2,564,000 short tons went to EC 
countries. In the first half of 1984, French 
steelmakers received 14% more tonnage 
than in the same period of 1983, while 
exports in the first 6 months of 1984 were 
32% more than in the first half of 1983. 
According to the French Ferrous Scrap 
Federation, the scrap industry faced a 
shortage of high-grade scrap although there 
was a surplus of scrap as a whole. Cie. 
Francaise de Ferailles in September 1984 
started operation of a new $2.27 million 
shredder at Carros; output was to go to 
Italy. 

The French steelmaker Société Aciéries 
et Laminoirs de Lorraine (Sacilor) tested 
the Sacilor Irsid Fusion Ferrailles (SIFF) 
process at its Rombas works. The SIFF 
process used a converted medium-size blast 
furnace to melt a 100%-scrap charge. Dur- 
ing the 4-month test at Rombas, the burden 
comprised shredded scrap, heavy scrap, 
bundles, pig iron, and incinerated tin cans. 
The 28,800-cubic-foot, 12 tuyere blast fur- 
nace consumed 2,938 pounds of scrap and 
pig iron, 488 pounds of coke, and 268 pounds 
of fluxes per short ton of hot metal pro- 
duced. The test showed that a medium-size 
blast furnace, transformed for the large- 
dimension charging of bundles and heavy 
steel scrap, could produce 1.1 million short 
tons of hot metal per year and that the 
process could offer integrated plants greater 
flexibility to take advantage of periods of 
low scrap prices and at a coke rate less than 
one-half the normal rate. The hot metal 
produced during the Rombas test was used 
as produced, or mixed with the usual hot 
metal (depending on the steel grade) at 
Sacilor’s Grandrange converter shop. 

German Democratic Republic.—VEB 
Kombinat Metallaunfbereitung of the Ger- 
man Democratic Republic announced offer- 
ing of a license for a continuous process 
for crushing, sorting, and classifying com- 
mercial-grade cast scrap. This process sepa- 
rates feedstock into 60% normal found- 
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ry scrap, 20% small foundry scrap, 10% 
scrap steel, 0.5% nonferrous metals, and 
2.50% nonmetals. More details on this proc- 
ess are available from the East German 
Embassy in Washington, DC. 

Germany, Federal Republic of.—In 1984, 
prices of the basic No. 2 grade scrap to West 
German steelmakers ranged from $62.60 to 
$14.39 per short ton. Exporters in the south- 
ern border area of the Federal Republic of 
Germany obtained $71.67 to $72.57 per 
short ton for scrap exported to Italy after 
the Italian Government, acting for Italian 
steelmakers, agreed to a freight subsidy. 
Large tonnages of declassified scrap arrived 
in the West German market to supplement 
minor domestic collections. Domestic stain- 
less steel scrap prices paced the increasing 
price of U.S. imports, and scrap ferronickel 
was in great demand. The West German 
Scrap Federation forecast 1984 sales of fer- 
rous scrap, in million short tons, as 8.8 to 
domestic steelmakers, 2.2 to foundries, and 
9.1 for exports. 

The new D and J Press Co. became the 
exclusive agency for Thyssen Henschel 
Scrap processing equipment in the United 
States and Canada. Lindemann Machi- 
nenfabrik GmbH, Dusseldorf, the Federal 
Republic of Germany, established Linde- 
mann Recycling Equipment Inc. with an 
office in New York City to develop an active 
role in the U.S. market. Lindemann intro- 
duced its Zerdirator—an installation that 
combines the advantages of a shredder, 
compactor, and separator. Venti Oelde sold 
10, 10- to 150-ton-per-hour-input-capacity 
windsifter plants and 2 recently developed 
pressure-shock-resistant dust control plants 
for use with shredders. 

India.—MSTC attempted to conclude a 
new agreement on the sale of scrap from the 
Steel Authority of India Ltd. (SAIL). An 
earlier agreement that expired in May 1983 
entitled SAIL to sell 22% of scrap from its 
own plants, and MSTC, the remainder. 
MSTC was reluctant to continue the agree- 
ment because no accurate knowledge of the 
tonnage was available. In the 1983-84 finan- 
cial year, MSTC sold 236,000 short tons of 
scrap bought from SAIL for $107.96 per 
short ton. 

The Indian National Shipowners' Associ- 
ation opposed the Government's plan to 
levy separate rates of duty on shipbreaking 
operations, one for Indian flag vessels and 
one for foreign flag vessels imported for 
breaking. Indian flag vessels were auction- 
ed at higher prices than the cost-insurance- 
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freight (c.if.) price of similar vessels im- 
ported for scrapping on which the duty was 
based on the highest auction value. The 
Government in August reduced the import 
duties on vessels for scrapping from 87% to 
76%. MSTC handled all imports of ships for 
scrapping. Current imports of stainless steel 
scrap are assessed a 20% duty. 

Nissho-Iwai Corp. in May procured 22,000 
short tons of shredded steel scrap from the 
U.S. east coast exporter Phibro Bros. for 
$135 per short ton including a $34.50-per- 
short-ton freight charge. In August, MSTC 
contracted for 82,673 short tons of shredded 
scrap from Amalgamated Metals and 16,535 
short tons from Krupp, all for $121.56 per 
short ton c.i.f. MSTC arranged for a Septem- 
ber shipment to India comprising 76,059 
short tons of shredded scrap destined for 
Bhavnagar, Kanda, New Mangalore, Cal- 
cutta, and Bombay, and 5,512 short tons of 
No. 1 and No. 2 bundles for delivery to 
Bombay. 

Italy.—In 1983, ferrous scrap supplies 
available to steel mills, in million short 
tons, comprised 7.4 from collected domestic 
scrap, 3.9 from the mills' home scrap, 3.7 
imported from EC countries, and 1.0 im- 
ported from non-EC countries. 

The 7.4 million short tons of domestic 
scrap was collected by 2,000 firms, most of 
which were family-based concerns that sold 
their scrap to larger firms that could meet 
the demands of the country's steel mills. 
Scrap production employed 13,000 workers 
in the sorting and processing operations 
supplemented by 500 presses, 150 baling 
shears, and 14 shredder plants. Scrap collec- 
tion in the past 5 years increased despite 
the waning demand by domestic consumers. 
As a result, imports have decreased about 1 
million short tons annually. However, Italy 
remained heavily dependent on imports to 
meet its need for steel scrap. Assofermet, 
the 30-year-old Italian scrap association 
credited with the industrialization of the 
scrapyards, had 300 members representing 
most of the domestic scrap produced. 

Steel mills in a 4-week period starting 
April 1 bought 150,000 short tons of scrap 
from the United States compared with a 
70,000-short-ton combined total in the 3 
years 1981, 1982, and 1983. Higher prices 
charged for scrap by EC countries and the 
inability to obtain larger quantities from 
the U.S.S.R. prompted the renewed interest 
in U.S. scrap, reportedly the better quality 
grades bringing $100 to $102 f.o.b. per 
Short ton. The Italian Parliament in mid- 
December granted retroactively to Octo- 
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ber 1 a 22.7-lire-per-pound (U.S. 1.19 cents) 
subsidy of ferrous scrap imported from the 
United States and from non-EC countries. 
As a result, imports from non-EC sources 
were forecast to increase to 2.0 million short 
tons in 1984 compared with an average of 
0.7 to 0.9 million short tons per year in 
recent years. 

Japan.—Major ferrous scrap traders were 
Kanto Shredder, Marubeni, Mitsubishi, 
Mitsui & Co., Nakataya, Nissho-Iwai, and 
Sumitomo. 

Kawasaki Steel Corp. continued the 
monthly sales of 3,300 to 4,400 short tons of 
high-grade steel scrap generated in its 
Mizushima and Chiba works to steelmakers 
Kawasaki Corp. and Kyoi. Also, about 
33,000 short tons per month of surplus scrap 
in the Kanto area went to Kansai area 
steelmakers. Conversely, scrap was particu- 
larly deficient at the Owita and Nagoya 
plants, both of which produced sheet and 
plate in conjunction with continuous cast- 
ing. 

Some steelmakers were buying H-2 do- 
mestic steel scrap for $82.55 per short ton. 
Electric- furnace steelmakers were con- 
cerned after Nippon Steel Corp. contracted 
to export some of its home scrap to China. 

In midyear, the steel industry was operat- 
ing at a production rate of 116 million short 
tons per year of raw steel. The industry's 
blast furnaces, operating with 408,000 short 
tons more capacity than in 1983, could not 
satisfy the demand for hot metal. As a 
result, steelmakers' stocks at yearend 1984 
comprised 5.04 million short tons of scrap 
and 1.64 million short tons of pig iron, 
reflecting a total 1.87-million-short-ton de- 
crease of these materials from yearend 
1983. 

The Shredder Committee of the Scrap 
Iron Processors of Japan in late 1984 listed 
50 shredders averaging 1,200 horsepower 
and 54 shredders in the 100- to 300-horse- 
power range that only processed steel cans 
and white goods. Japan's total annual 
shredding capacity was estimated at 3.9 
million short tons per year. 

The range of prices of stainless steel scrap 
delivered to Japan based on numerous quo- 
tations in the Tex Reports during 1984, in 
dollars per short ton, was U.S. (west coast) 
cargoes of SUS 18/8 Sabot, $558 to $564, and 
Hong Kong cargoes for the same type of 
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stainless scrap, $558 to $562. 

Japan continued the bulk cargo sampling 
of stainless steel scrap and alloy steel scrap, 
unlike the United States and Europe where 
sampling by melting approximately 10% of 
the total is acceptable. Consequently, the 
stainless steel scrap trade was restricted 
almost exclusively to container deliveries 
for Japan, resulting in higher freight costs. 

The average delivered prices, in dollars 
per short ton, based on numerous contracts 
reported in the Tex Reports during 1984 for 
imported steel scrap were H-1—$103.42, 
H-2—$92.53, No. 1 bundles—$100.70, and 
shredded—$104.33. 

Average f.o.b. prices and average freight 
charges by port, per short ton of ferrous 
scrap exported to Japan, were as follows: 


Port Price Freight 

United States: 
East coat $87.72 $19.08 
Gulf coast 96.42 16.96 
West coast 90.71 14.44 
TCC ere EEE NA 17.41 
St. Lawrence Sea way: NA 23.88 
Netherlands: Rotterdam 105.36 18.42 
United Kingdom _________ NA 20.09 

NA Not available. 


The exports of ferrous scrap from Ja- 
pan in the first 11 months of 1984 were as 
follows: 


: Average value per 
(abot = 
ty (sho 
Yen d oll : 
Cast-iron scrap: 
Korea, Republic of- 1,574 32,126 127 
Taiwan 41 45,507 180 
Total or average 1.615 32,463 128 
PNOY steel scrap: 
orea, Republic of 186 29,632 117 
aiwan ________ 764 109,249 432 
Other (3 countries) 132 219, 858 869 
Total or average 1,082 109, 064 431 
Ordinary steel scrap: 
China 16,363 29,134 115 
Korea, Republic of 53,081 30,883 122 
Taiwan 690 63,059 244 
Other (9 countries) 12,533 38,783 153 
Total or average 133,667 37,123 147 


1Based on an average exchange rate for Japanese yen 
(Y) to U.S. dollars of Y253 — US$1.00. z 


Source: Tex Report, Dec. 25, 1984, p. 5. 


Japanese imports of ferrous scrap in the 
first 11 months of 1984 were as follows: 
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Quantity Value per ton 
Grade and source (short S. 
tons) Yen dollars? 
Cast-iron scrap: 
Australia 24,377 28,866 104 
Other (11 countries) 2,499 30,433 108 
Total or average 26,876 29,104 104 
Alloy steel scrap: 
ong Kong 14,885 154, 723 
Taiwan 22,762 137,922 494 
United States 58,232 172,027 617 
Other (30 countries) 38, 546 135, 386 485 
Total or average 133,925 153,891 552 
Ordinary steel scrap 
Australia 265,722 26, 768 96 
U.S. S. RRR 304, 107 26,210 95 
United Kingdom 275, 615 25, 867 93 
United States. 2,477,057 134 97 
Other (34 countries) 637,847 25,405 90 
Total or average 3,960,348 26,672 95 
Sheet scra 
Korea, a, Republic of _ 9,905 35,335 127 
Taiwan 3, 976 50, 656 181 
Other (10 countries) _ 900 37, 745 135 
Total or average 14,781 39,602 142 


1Based on average exchange rate for Japanese yen (Y) to 
US. dollars of Y253 = US$1.00. 


Source: Tex Report, Dec. 24, 1984, p. 13. 


Exports of ferrous scrap from the United 
States to Japan in 1984 were as follows: 


Quan- Customs value 
Scrap grade KeA Total 
tons) d Average 
No. 1 heavy melting... 1,129,324 $98,569 $87 
No. 2 heavy melting... 307,192 25,639 83 
No. 1 bundles 61,004 6,755 111 
No. 2 bundles 18,586 983 
Borings, turnings, etc__ 118,235 9,090 77 
Shredded . 619,027 56, 303 91 
Carbon steel, iron scrap 82,440 846 89 
Carbon steel, other 1,441 24, 346 87 
Stainless scrap —__ _ _ _ _ 51,686 31,862 616 
Alloy scrap, excluding 
stainless ________ 11,103 3,964 357 
Total or average 2,680,038 264,857 99 


Source: Bureau of the Census. 


Korea, Republic of.—Imports, in short 
tons, in May, June, July, October, and 
November 1984 averaged 213,347 per month 
of melting scrap and 78,047 per month of 
rerolling scrap. Information was not avail- 
able on how much of the rerolling scrap 
originated in the South Korean shipbreak - 
ing yards since such scrap is not an import. 
The price of imported No. 1 heavy meiting 
scrap in 1984 averaged $108.86 per short ton 
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according to 10 price citations in the Tex 
Reports. According to the Bureau of the 
Census, the customs value of No. 1 heavy 
melting scrap to the Republic of Korea from 
U.S. ports averaged $86.82 per short ton. 
The foregoing import data imply an average 
total freight rate from U.S. ports of $22.04 
per short ton. 

The Government reduced the payment 
period for imported steel scrap from the 
previous 120 to 150 days to 90 days effective 
August 1, 1984. Steelmills were therefore 
constrained by longer payment deadlines 
for exported finished products. 

Inchon Iron & Steel Co. Ltd. in February 
received some dismantled-vessel scrap from 
Hyundai Corp. Inchon through the trader 
Hugo Neu bought 16,000 short tons of scrap 
originating in Hawaii for $123 per short ton 
f.o.b. Dongkuk Steel Mill Co. Ltd., through a 
major Japanese trader, bought 11,200 short 
tons of No. 1 heavy melting scrap, originat- 
ing in Saudi Arabia, for $107.14 per short 
ton c.i.f. Most scrap imported from the 
United States was handled by the shippers 
Schnitzer, AMC, Legin, and Mitsui. In late 
June, Phibro, a U.S. trader, agreed to a 
$24.27-per-short-ton-freight-and-lay charge 
from St. Lawrence Seaway ports to Inchon. 

Mexico.—In December 1983, a stolen can- 
cer therapy unit was crushed along with 
ferrous scrap in a Juarez, Mexico, process- 
ing yard. Cobalt-60 isotope was released, 
exposing 200 persons to unsafe levels of 
radiation and contaminating 10 houses. The 
resulting processed steel scrap went to a 
Mexican minimil and several Mexican 
foundries from which about 4,000 short tons 
of products was distributed to parts of 
Mexico and several U.S. localities. 

Netherlands.—This country had the larg- 
est surplus of exportable scrap within the 
EC countries. Exports from the Netherlands 
in 1983 totaled 1,473,775 short tons, up 25% 
from the 1,176,154 short tons in 1982. In late 
1983, six 44,000-short-ton cargoes went to 
Japan at a $18-per-short-ton freight rate, 
and shredded scrap from eight processors 
went to India in 22,000-short-ton shipments. 
Two steelmakers, Hoogovens Ijmuiden BV 
near Rotterdam and the West German- 
owned Thyssen Nedstaal AG on the Rhine, 
produced less than 5.5 million short tons 
total of raw steel. The price of scrap, for 
which these steelmakers negotiated month- 
ly, fluctuated by as much as $13.61 per short 
ton in the summer months of 1983 to a low 
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of $3.15 in the autumn of 1983. Average 
freight rates from Rotterdam scrap proces- 
sors to West German steelmakers on the 
Rhine River and in the Ruhr area were $1.8 
to $2.7 per short ton. | | 

Pakistan.—Most of the scrap require- 
ments for the M/S Ittefaq Ltd. minimill in 
Lahore were met by 75,377 short tons im- 
ported from the United States. 

Philippines.—In early June, the National 
Steel Corp. canceled plans to import 20,000 
to 25,000 short tons of steel scrap because of 
a large de facto devaluation of the currency 
to approximately 19 pesos per U.S. dollar. 

Romania.—Scrap was imported at a rate 
of 660,000 to 770,000 short tons per year, 
mainly from Brazil, India, and the U. S. S. R., 
although a small tonnage came from the 
United States and some African countries. 
Some special cargo vessels built in Romania 
were designed to load scrap at collection 
ports and for navigating the Danube River 
as far inland as Galati and Calarasio. 

Spain.—Altos Hornos de Vizcaya S.A. 
(AHV) planned a new wharf at Le Bene- 
dicta near Bilbao to handle 16,535-short-ton 
vessels because AHV facilities on the Ner- 
vion River could only handle 5,500-short-ton 
vessels. Specialty steelmakers Eschevarria, 
Aceros de Llodio, Pedro Orbegozo, Forjas 
Alevesar and Allara formed an organization 
named Sociedad de Compras de Materias 
Primas Siderürgicas located in Bilbao, to 
buy scrap on a joint basis. The organiza- 
tion made purchases in mid-1984 from the 
United States and the United Kingdom. 

Spanish ferrous scrap imports reached 
record-high levels in 1984, rising 9.596 
above the 5.05 million short tons reached in 
1988 to 5.53 million short tons. 

The United Kingdom remained the main 
supplier, exporting some 2.4 million short 
tons; France supplied 1.1 million short tons; 
the United States, 588,519 short tons; the 
U.S.S.R., 584,845 short tons; Morocco, 81,922 
short tons; and Algeria, 52,470 short tons. 

Sweden.—The continuing ban on scrap 
exports held prices for domestically origi- 
nated scrap to $15.42 to $19.96 per short ton 
below prices in the free market. 

Taiwan.—Reportedly, the storage of 
crude oil in tankers, of which 70 million 
barrels of Saudi Arabian crude alone was 
afloat in Japanese anchorages, slowed own- 
ers’ sales of VLCC’s to Taiwanese ship- 
breakers. This situation resulted in VLCC’s 
costing as much as $117.86 per lightweight 
short ton on a gas-free basis to Taiwanese 
breakers, who countered by less costly pur- 
chases of 11,000-short-ton vessels. At the 
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end of March 1984, shipbreakers’ stocks of 
dismantled ships were 728,000 short tons; 
504,000 short tons of vessels was being 
dismantled; and 224,000 short tons was 
under contract for near-future delivery. The 
prices of ship plate tended upward. Import- 
ed No. 1 heavy melting scrap cost $97 to $98 
per short ton. Ocean freight rates to Taiwan 
from the U.S. west coast were $3 per short 
ton more than for similar cargoes destined 
for Japan. According to the Bureau of the 
Census, U.S. exports of all grades of ferrous 
scrap to Taiwan in 1984 totaled 405,283 
short tons. The average customs value was 
$134.51 per short ton, 36% more than the 
average customs value of $98.83 per short 
ton for 2.7 million short tons exported to 
Japan, and 58% greater than the average 
custom value of $85.09 per short ton for the 
1.8 million short tons exported to the Re- 
public of Korea. 

Turkey.—The annual ferrous scrap de- 
mand of 1.9 million short tons per year was 
met by 0.55 million short tons of domestical- 
ly generated scrap and 1.3 million short 
tons of imported scrap. The Government 
was encouraging more shipbreaking in an 
effort to decrease imports. 

U.S.S.R.—Scrap consumption showed a 
significantly increasing trend, according to 
the Federal Republic of Germany Federal 
Office for Foreign Trade Information 
(BFAI). Converter steelmaking was the core 
of the U.S.S.R.’s current efforts to increase 
the use of scrap in steel production. BFAI 
noted that a series of small steelworks are 
to be operated exclusively on a scrap basis, 
with three ministeelworks going into oper- 
ation before yearend 1985. 

United Kingdom.—Exports of ferrous 
scrap in 1984 totaled 4.7 million short tons 
valued at $380 million. Much of the scrap 
went to India and to Spain, resulting in 
smaller tonnages shipped to these countries 
from the United States. In midyear, the 
increasing weakness of sterling also favored 
exports to the European market. Shipments 
to the Far East were diminished because of 
competing shipments from European and 
U.S. sources. The dock strike in July ef- 
fectively isolated scrap from the export 
market resulting in a $2.7 to $4.5 per short 
ton lower price charged British steel- 
makers. Large cargoes to the Far East, 
which normally accounted for 5% to 10% of 
all British exports, were particularly 
hampered because 88,000 to 100,000 short 
tons of scrap was immobilized in ports at 
Cardiff, Tilbury, and Liverpool. Other ports 
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continued loading small cargoes for Europe- 
an markets. Negotiations for future exports 
to Japan were terminated during the dock 
Strike. The scrap industry in 1984 shipped 
2.4 million short tons to Spain and 187,000 
short tons to Turkey. Surplus scrap avail- 
able for exports totaled 3.5 million short 
tons. Four major British scrap shippers 
were Mayer Newman and Co. Ltd.; George 
Cohen Sons and Co. Ltd.; Sheppards Waste 
Recovery Ltd.; and Cooper's (Metals) Ltd. 
The British Scrap Federation (BSF) wel- 
comed the rejection by the Council of Euro- 
pean Community Ministers to control the 
exports of scrap from EC countries to non- 
EC countries. Non-EC countries in 1984 
received about 80% of the British exports. 
In 1984, 41,440 short tons of stainless steel 
scrap was exported from the United King- 
dom. 

The BSF stated that British scrap prices, 
which were at low levels in December 1982, 
recovered significantly by June 1984 to 
world levels. Domestic consumers bought 
OA-grade scrap for $69 to $70 per metric 
ton. However, railroad freight charges from 
the Midlands to South Wales were $7.25 to 
$1.70 per short ton, up sharply from the 
normal $5.44 per short ton. Domestic con- 
sumption in 1984 was estimated as 4.6 
million short tons. British steelmakers ob- 
tained scrap at $14.52 to $18.14 per short 
ton less than delivered prices to European 
markets. However, despite a 3.5-million- 
short-ton surplus of scrap, British steel- 
makers claimed that their needs were not 
fully met. 

In 1983, a scrap processor received 
$550,000 to dismantle, for its scrap content, 
a $20 million formed coke plant at the 
Normandy Park steelworks, Scunthorpe, 
South Humberside, that never attained 
even semicommercial output because of 
poor design. Ironically, scrap from this poor- 
ly planned BSC venture was shipped to 
BSC’s Linz-Donawitz converters in Scun- 
thorpe. 

Solidate Ltd. of Sandbach, Cheshire, in- 
troduced a 154,322-pound capacity shear- 
beam load cell ferrous scrap scoop with 
computer facilities to handle furnace 
charges at the Sheffield Forgemaster’s 
River Don works. Spectro Analytical 
(UK) Ltd., in Farnham, Surrey, offered a 
microprocessor-controlled optical emission 
spectrometer to satisfy quality control and 
assurance in metal manufacturing and met- 
al processing industries. Belgium’s Presses 
and Cisailles Lefort firm supplied a second 
900-short-ton shear to Pooles Lane Auto- 
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spares in Highwood. Lindemann (UK) Ltd. 
introduced a new series of 500-short-ton 
hydraulic scrap shears. 

The Midwest Scrap Associates reported 
that from August 1983 to August 1984, 5 
new shredders were added to the 49 already 
in existence, resulting in a 1.65-million- 
short-ton-per-year capacity in the United 
Kingdom. As a result, the United Kingdom 
was the leading producer of shredded scrap 
in Europe and the third largest producer in 
the world. British scrap shredders produced 
1.32 million short tons in 1988 despite a 
shortage of feed that reduced the overall 
capacity utilization. Mayer Pearse, Exeter, 
installed a 1,000-horsepower shredder, and 
the Bird Group acquired A.E.P. Piggott and 
Sons Ltd., in Leicester, thereby increasing 
its shredding capacity by 66,000 short tons 
per year to give the Bird Group’s seven 
shredders a 441,000-short-ton-per-year total 
capacity. 

Hartlepool and Cardiff Steels installed a 
new scrap terminal at Cardiff capable of 
handling vessels up to 39,000 short tons. 
The Bird Group and the MacWilliams 
Group formed a new scrap marketing com- 
pany called Ward Scotland Ltd. The Mac- 
Williams Group normally handled 3,300 to 
4,400 short tons of scrap per year from its 
dismantling operation. The scrap merchant 
Howard and Pepperell Ltd. (H&P) formed 
Howard & Wheeler Ltd. to take over all 
H&P trading effective March 1. T. W. 
Ward’s Steel and Alloys division was sold 
for $3.7 million to the Rohstoffhandel 
GmbH based in Krefeld, Federal Republic 
of Germany. This move ended Rio Tinto 
Zinc Corp. Ltd.’s (RTZ) participation in 
ferrous scrap. Since its acquisition by the 
Bird Group in 1984, Ward’s Ferrous Metals 
handled 2.1 million short tons of scrap, of 
which 0.55 million short tons came from in- 
plant processing. Mayer Newman and Co. 
Ltd. expanded its operations in East Anglia 
by acquiring Norwich-based Thomson Bros. 
Newman had a scrap processing plant in 
Newmarket and export docks at Lowestoft 
and Yarmouth. The J. Seville Gordon 
Group acquired Parkfield Iron and Steel Co. 
Ltd., thereby increasing its baler count to 
five units. H. Stewart (Metals) Ltd. of 
Manchester, a subsidiary of the Norwegian 
company Elkem A/S, leased a 20-acre site 
near the Birkenhead dockland where Stew- 
art will offer ship repairs and shipbreaking 
operations that will meet some of the scrap 
requirements of the Manchester Steel 
Group. Stewart also purchased processing 
facilities at Birkenhead and at Ardwick. 
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Lloyd Ewell ceased scrap trading in Janu- 
ary, and the Ford Motor Co. closed its 
foundry in Digenham, Essex, and transfer- 
red its casting production to Cologne, Feder- 
al Republic of Germany. Competition from 
foundries in Spain and Portugal forced 
British foundries to terminate operations at 
the rate of one per week. Scrap merchants 
in the Midlands were concerned about the 
closure of Lloyd Dudley's steel minimill, the 
closure of F. H. Lloyd's two largest steel 
foundries in the United Kingdom, and the 
closure of the Caparo Group's Smethwick 
District steelworks. 

The proposed United Kingdom Reclama- 
tion Council (UKRO) was intended to re- 
place the British Reclamation Industries 
Confederation that was terminated in late 
1984. Reportedly, the UKRC would affiliate 
with the Bureau International de la Recup- 
eration because UKRC will encompass a 
wide range of reclamation associations. The 
Greater London Enterprise Board was 
established to reactivate the London Found- 
ry Co. The EC Commission renewed the 
authorization for several British private 
sector steelmakers to jointly buy ferrous 
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scrap. Steelmaking Supplies Ltd. was set up 
for this purpose in 1974 but had been 
inactive for several years. 

The British Steel Corp.’s (BSC) Special 
Steels Group introduced a new scrap- 
surcharge system effective September 30, 
1984, based on the quarterly average prices 
paid for scrap by the BSC and listings in the 
Metal Bulletin's Ferrous Scrap Master In- 
dex of prices for bars and billets. Private 
sector steelmakers hesitated to adopt the 
system. 

To compete with the truck transportation 
of ferrous scrap, BSC, British Rail, and a 
private company, Standard Railfreight, 
started a new venture to speed the rail 
hauling of scrap. The Standard Rail Wagon 
Co. Ltd. was commissioned to build a fleet of 
51-short-ton-capacity, air-braked rail cars. 
In the first phase of usage, these new cars 
will be supplemented by a reserve of 165, 16- 
short-ton, vacuum-braked cars. The system 
was expected to haul 413,000 short tons of 
Scrap per year over long distances in Speed- 
link trains. 


! Physical scientist, Division of Ferrous Metals. 


Table 2.—U.S. consumer receipts, production, consumption, shipments, and stocks of 
iron and steel scrap and pig iron in 1984, by grade 


(Thousand short tons) 
Receipts of scrap Production of home scrap 
3 Consump- 
: scrap(in- tion of both 
From From pecie cludes in- Dur A : 
brokers, other aung got molds, and home Ship- Ending . 
Grade dealers, own- sate A stools, scrap(n- ments of stocks, 
other com- IDE scrapfrom cludes re- scrap Dec. 31 
outside pan) current op. Oldequip circulating 
BOE plants “erations ee scrap) 
ings, etc.) 
MANUFACTURERS OF PIG IRON AND RAW STEEL AND CASTINGS 
Carbon steel: 
Low-phosphorus plate and 
punchings __________ 324 (!) 224 3 324 227 31 
Cut structural and plate 821 121 397 5 1,375 14 122 
No. 1 heavy melting steel 7,968 1,595 8,618 87 17,091 1,243 1,401 
No. 2 heavy melting steel 1,983 107 640 2 2,665 65 230 
No. 1 and electric-furnace 
bundles 791 327 1.882 6 8,111 225 619 
No. 2 and all other bundles _ 1,010 30 8 ios 1, 12 92 
Electric furnace, 1 foot and 
under (not bundles): _ 31 (7) (1) re 32 — 4 
Railroad rails 156 2 2 NA 254 3 32 
Turnings and bo 780 14 163 1 954 12 63 
Sie scra dede d (10% 18 85 content). 515 307 2, 929 1 3,276 393 195. 
or fragmentized.. _ 2,223 883 32 RN 3,134 4 189 
No. 1 bushelin g 1,186 58 152 1,408 74 101 
All other carbon steel scrap. 1,420 565 5,974 19 7,129 615 515 
Stainless steel scrap _______ 500 48 469 (1) 1,009 28 81 
Alloy steel (except stainless) 143 182 1,054 18 1,315 96 258 
Ingot mold and stool crab 238 411 490 947 1,594 409 365 
Machinery and cupola cast iron 7 NU: 7 1 7 7 3 


See footnotes at end of table. 
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Table 2.—U.S. consumer receipts, production, consumption, shipments, and stocks of 
iron and steel scrap and pig iron in 1984, by grade —Continued 


(Thousand short tons) 


Receipts of scrap Production of home scrap 


Obsolete 
From From Recircu- iride 
brokers, other lating got molds, 
Grade dealers, own- " N š stools, 
7 
sources ants current op- ment E 
P erations buil d- 
ings, etc.) 


Consump- 
tion S both 
purchased , i 
and home Ship- Ending 
scrap (in- 
cludes re- 
circulating 
scrap) 


MANUFACTURERS OF PIG IRON AND RAW STEEL AND CASTINGS—Continued 


Cast-iron borings _ -------- 189 4 61 1 157 74 41 
Motor bloc 5 s s e 6 E 1 
Other iron scrap ________ _ 195 76 356 2 554 177 71 
Other mixed crab 187 11 128 4 331 5 33 
Total 25, 675 4, 743 23,587 1.099 351,786 3,683 4,448 
MANUFACTURERS OF STEEL CASTINGS 
Carbon steel: 
Low-phosphorus plate and 
punchings. ss 361 1 125 (1) 433 (1) 36 
Cut structural and plate 131 3 15 (3) 150 1 9 
No. 1 heavy melting steel _ _ 111 1 30 MR 142 "ON 4 
No. 2 heavy melting steel _ _ 54 LAE 1 em 57 es 5 
No. 1 and electric-furnace 
dundl es 11 ep 2 "S 10 "S (*) 
No. 2 and all other bundles _ 1 ae —- Am 1 de : 
Electric furnace, 1 foot and 
under (not bundles: _ _ 45 (3) 4 T 49 (7) 1 
Railroad rails 6 (*) " — 4 Z (7) 
Turnings and borings 23 ae 14 secs 29 4 1 
Slag scrap (70% Fe content): Me (1) (1) zs Pes (7) (1) 
Shredded or fragmentized _ _ 18 p mE IN 23 NN 59 
No.lbusheling .. 13 ie =e ae 8 6 2 
All other carbon steel scrap- 248 10 166 (!) 407 6 24 
Stainless steel crab 14 (1) 20 (1) 35 1) 6 
Alloy steel (except stainless) 39 (1) 79 (1) 118 1 25 
Ingot mold and stool scrap s 1 n (3) e! 2 () (1) 
Machinery and cupola cast iron 21 2A 1 "m 22 na (!) 
Cast-iron borings |... 68 us 16 em T3 is 6 
Motor blocks- __________ _ e pe E oM (1) aes I 
Other iron scrap |... 39 (7) 17 ones 54 3 8 
Other mixed scrap -------- e ae 7 (7) 7 — (*) 
Total* eee 1,205 16 495 1 41,624 16 129 
IRON FOUNDRIES AND MISCELLANEOUS USERS 
Carbon steel: 
Low-phosphorus plate and 
punchings ss 712 23 85 2 193 8 37 
Cut structural and plate 1,022 81 52 1 1,171 1 82 
No. 1 heavy melting steel 115 21 4T (*) 152 36 12 
No. 2 heavy melting steel 120 n 51 3) 172 1 3 
No. 1 and electric- furnace 
bundles ___________ 70 237 40 EORNM 336 ee 21 
No. 2 and all other bundles 194 2 Se aes 196 c: 26 
Electric furnace, 1 foot and 
under (not bundles? _ _ 41 1 (7) 38 ai 3 
Railroad rails 117 E 6 () 111 1 9 
Turnings and borings __ _ _ 390 4 7 419 8 31 
Slag scrap (70% Fe content)_ 16 M 1 (3) 16 1 2 
Shredded or fragmentized _ _ 844 132 rom babs 1,091 E 59 
No. 1 busheling g 368 69 59 E 500 T 13 
All other carbon steel scrap _ 388 6 101 3 486 20 29 
Stainless steel scrap _______ 14 e 1 () 14 (3) 2 
Alloy steel (except stainless) 20 ES. 6 1 22 4 12 
Ingot mold and stool scrap _ — _ 149 (7) 99 1 3 1 45 
Macine and cupola cast iron 810 4 371 1 1,134 6 79 
rings 743 162 101 1 973 33 35 
Maor b blocks Ee 8 374 29 711 Ne 1,100 19 43 
Other iron scrap --------- 573 69 2,083 2 2,687 47 95 
Other mixed crab 364 23 257 3 648 3 47 
Total? cM 7,445 866 4,078 16 512,291 189 684 


See footnotes at end of table. 
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Table 2.—U.S. consumer receipts, production, consumption, shipments, and stocks of 
iron and steel scrap and pig iron in 1984, by grade —Continued 


(Thousand short tons) 
Receipts of scrap Production of home scrap 
Obsolete Consump- 
F F Recircu- eid as an- tion 1 
rom rom eludes in- urc : 
brokers, other lating got molds, End home Ship- Ending 
Grade dealers, own- Su stools, scrap Gn: ments of stocks, 
other com- nS scrap from cludes re- scrap Dec. 31 
outside pany current op ld equip circulating 
sources plants “erations 1 scrap) 
ings, etc.) 
TOTAL ALL TYPES OF MANUFACTURERS 
Carbon steel: 
Low-phosphorus plate and 
punchings . --- ----- 1,396 24 435 5 1,550 235 104 
Cut structural and plate 1,974 205 464 6 2,696 16 213 
No. 1 heavy melting steel 8,195 1,623 8,694 87 17,386 1,279 1,417 
No. 2 heavy melting steel 2,157 107 691 2 894 66 238 
No. 1 and electric- furnace 
bundles 5,872 564 1.924 6 8,457 225 640 
No. 2 and all other bundles _ 1,205 33 8 a 1,257 12 117 
Electric furnace, 1 foot and 
under (not bundles _ _ — 117 1 5 n" 119 (!) 8 
Railroad rails 279 2 8 6 369 4 41 
Turnings and boring 1,198 19 183 8 1,402 25 95 
Slag scrap (70% Fe content)_ 532 307 2,931 1 3,292 394 197 
Shredded or fragmentized _ _ 3,085 1,015 32 ua 4,248 4 248 
No. 1 busheling 1,567 127 211 2 1,916 14 116 
All other carbon steel scrap. 2,055 581 6,241 23 8,022 641 569 
Stainless steel crab 528 49 491 (1) 1,058 28 89 
Alloy steel (except stainless) 202 182 1,139 19 1,454 101 295 
Ingot mold and stool crab 388 412 589 948 1,828 410 410 
Machinery and cupola cast iron 839 4 378 1 1,162 13 82 
ron borings SPEM 1,001 166 177 1 1,202 107 82 
Motor blocks 380 25 711 om 1,107 19 43 
Other iron scrap ________- 807 144 2,456 4 3,296 227 174 
Other mixed scrap ________ 552 34 391 7 986 8 81 
Grand total? _______ 34,325 5, 624 28,160 1,116 865,702 3,889 5,261 
1Less than 1/2 unit. 


Data may not add to totals shown because of independent rounding. 
Internal evaluation indicates that scrap consumption is understated by approximately 4.9 million short tons. 
“Internal evaluation indicates that scrap consumption is understated by approximately 560,000 short tons. 

5Internal evaluation indicates that scrap consumption is understated by approximately 3.1 million short tons. 
*[nternal evaluation indicates that scrap consumption is understated by approximately 8.6 million short tons. 


Table 3.—U.S. consumer receipts, production, consumption, shipments, and stocks of pig 
iron and direct-reduced iron in 1984 


(Thousand short tons) 
. Produc- 
Receipts tion 
MANUFACTURERS OF PIG IRON AND RAW 
STEEL AND CASTINGS 
Pig WOW sc ee JAWS 1,280 51,961 
MANUFACTURERS OF STEEL CASTINGS 
PIE |): una ß ewe ge ede tL 64 -— 
IRON FOUNDRIES AND MISCELLANEOUS USERS 
PIE PD ect ß e Aet ien 1,224 "s 
TOTAL—ALL TYPES OF MANUFACTURERS 
Pg ton s ³˙W¼AA / uere e eue ptc e oP 2,568 51,961 
Direct-reduced or prereduced iron... 305 


W Withheld to avoid disclosing company proprietary data. 


Consump-  Ship- Stocks, 
tion ments Dec. 31 
51,969 1,425 237 

62 as 3 
1,171 11 64 
53,202 1,496 304 
406 13 51 
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Table 4.—Consumption of iron and steel scrap and pig iron in the United States 
in 1984, by type of furnace or other use 
(Thousand short tons) 
Manufacturers of 
ce Manufacturers Iron 
5 ES 3 of steel foundries and aci 
W castings castings miscellaneous users 

Pig Pig Pig Pig 

Scrap iron Scrap iron Scrap iron Scrap iron 
Blast furnace?___________ 2,724 E __ oe es NE 2,124 xu 
Basic oxygen process 16,447 45,551 E EH m PN 16,447 45,551 
Open-hearth furnace 3,724 5,718 W W HR e 3,724 5,718 
Electric furnace* _________ 28,244 22 1,523 61 3,638 287 33,405 370 
Cupola furnace 50 120 95 A 8,315 350 8,460 469 
Other (including air furnace)? 597 16 6 1 338 15 942 92 
Direct castings". s c—— 482 m ome ee 519 -— 1,002 
rr 51,786 51,969 1.624 62 12, 291 1,171 65,702 53,202 


W Withheld to avoid disclosing company proprietary data; included with “Electric furnace.” 


1Data may not add to totals shown because of independent rounding. 
2Includes consumption in blast furnaces producing pig iron. 


Includes scrap and pig iron processed in metallurgical blast cupolas and used in oxygen converters. 
Internal evaluation indicates that scrap consumption in electric furnaces operated by manufacturers of pig iron and 


raw steel and castings is understated by approximately 4.9 million short tons. 
Includes vacuum melting furnaces and miscellaneous uses. 
Includes ingot molds and stools. 


Table 5.—Proportion of iron and steel 
scrap and pig iron used in furnaces in the 


United States in 1984 
(Percent) 
Type of furnace Scrap Pig iron 
Basic oxygen process 26.5 13.5 
Open-hearth furnacde 39.4 60.6 
Electric furnace ______________ 98.9 1.1 
Cupola furnace______________ 94.7 5.3 
Other (including air furnace 91.1 8.9 


Table 6.—Iron and steel scrap supply’ available for consumption in 1984, 


by region and State 
(Thousand short tons) 


Receipts of scrap Production of home scrap 


Obsolete 
Reci ü ch à 
ircu- includes 
Mud From lating ingot 
Region and State dealers. other scrap molds, 
oher own- resulting stools, 
outside company from scrap from 
Sources plants current old 
operations equipment, 
buildings, 
etc.) 
New England and Middle Atlantic: 
Connecticut, Maine, Massachusetts, 
New Hampshire, New Jersey, 
New York, Rhode Island, 
Vermont 1,247 36 310 4 
Pennsylvania 4,910 1,248 5,157 219 
Mr eo 6,157 1,284 5,527 283 
North Central: 
Hines 3,494 734 2,024 62 
mai ⁵ĩð i a E 3,006 88 6,366 251 


See footnotes at end of table. 


Total 


new 


supply? 


1,658 
11,593 


13,251 


6,313 
9,717 


133 
1,507 


1,639 


123 
943 


New 
supply 
avail- 
able for 
con- 
sump- 
tion 


1,525 
10,087 


11,612 


6,190 
8,773 
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Table 6.—Iron and steel scrap supply! available for consumption in 1984, 
by region and State —Continued 


(Thousand short tons) 


Receipts of scrap Production of home scrap 


Obsolete 
Reci (i neti dide 
ircu- includes : supply 
aie From lating ingot Total oped avail 
Region and State dealers, Other scrap molds, new of able for 
other own- resulting stools, supply? dran con- 
outside Company from scrap from p sump- 
jources plants current old tion 
operations equipment, 
buildings, 
etc.) 
North Central —Continued 
Iowa, Kansas, Michigan, Minneso- 
ta, Missouri, Nebraska 4,474 780 3,128 35 8,417 182 8,235 
Oh ul nere Lu uu 4,163 1,399 4,969 234 11,364 612 10, 752 
Wisconsin _____~ ~~~ ~~~ 585 15 440 m 1,040 19 1,021 
/ ee E 16, 323 3,015 16,927 588 36,852 1,880 34.972 
South Atlantic: 
Delaware, Florida, Teorija, 
Maryland, North Carolina, 
South Carolina, Virginia, 
West Virginia 3,898 356 2,265 96 6,616 118 6,499 
South Central: | 
Alabama, Arkansas, Kentucky, 
Louisiana, Mississippi, 
Oklahoma, Tennessee, 
Texas. o nes cL 5,421 673 2,970 67 8,531 191 8,340 
Mountain and Pacific: 
Arizona, California, Colorado, 
Hawaii, Montana, Nevada, 
Oregon, Utah, Washington 2,526 296 1,070 82 3,974 59 3,915 
Grand total? T“ 34,825 5,624 28,160 1,116 69,224 3,889 65, 336 


1New supply available for consumption is a net figure computed by adding production to receipts and deducting scrap 
ee during the year. The plus or minus difference in stock levels at the beginning and end of the year is not taken 
into consideration. 


Data may not add to totals shown because of independent rounding. 
*Includes scrap shipped, transferred, or otherwise disposed of during the year. 


Table 7.—U.S. consumption of iron and (ren scrap and pig iron! in 1984, by region and 
tate 


(Thousand short tons) 
e — 
. steel i castings and miscella- 0 
Region and State and castings neous users 


Scrap Pig iron Scrap Pig iron Scrap Pig iron Scrap Pig iron 


New England and Middle Atlantic: 
Connecticut, Maine, Massachusetts, 
New Hampshire, New Jersey, 


New York, Rhode Island 1,035 W 39 3 618 41 1,691 44 
Pennsylvania 9,613 7,427 136 5 638 272 10,388 7,703 
T Se Sc 10,649 1,427 175 8 1,256 313 12,079 7,141 
North Central: 
IHihol8. oo 5,187 2,616 167 (3) 717 208 6,072 2,884 
Indiana 8,101 16,126 121 42 481 38 8,703 16,206 | 
Iowa, Kansas, Michigan, l 
Minnesota, Missouri, Nebraska 4,815 4,932 209 1 3,331 313 8,355 5,246 
OG s ee ntm 7,861 10,157 101 4 2,779 148 10,741 10,309 
Wisconnuaen ES e 203 1 836 45 ,039 46 
/ icc 25,964 33, 891 801 47 8,145 752 34,910 34,690 
South Atlantic: 


Delaware, Florida, Georgia, 
Maryland, North Carolina, 
South Carolina, Virginia, 
West Virginia 5,995 W 51 3 775 26 6,822 


See footnotes at end of table. 
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Table 7.—U.S. consumption of iron and steel scrap and pig iron! in 1984, by region and 


State —Continued 
(Thousand short tons) 
„5560 ²˙ 8 Total? 
0 and miscella- 
Region and State and Canine neous users 


Scrap  Pigiron Scrap  Pigiron Scrap  Pigiron Scrap  Pigiron 


South Central: 
Alabama, Arkansas, Kentucky, 
uisiana, Mississippi, 
Oklahoma, Tennessee, 
TOROS EM 5,972  *10,652 879 8 1,730 65 8,080 410,720 


Hansi Montane, Nevada, 
Oregon, Washington » 3,206 W 218 1 885 15 3,810 15 


Grandtotal* |... 51,786 51,969 1,624 62 12,291 1,171 65,702 83, 202 
W Withheld to avoid disclosing company proprietary data; not included in “Total.” 
Includes molten pig iron used for ingot molds and direct 
Mata may not add to totals shown because of independent rounding. 
Less than 1/2 unit. 
*Includes South Atlantic Mountain and Pacific regions. 


Table 8.—U.S. consumer stocks of iron and steel scrap and pig iron, December 31, 1984, 


by region and State 
(Thousand short tons) 
Carbo 
steel (ex- Stain- Alloy steel Cast iron Other Total Pig iron 
Region and State cludes re- less (excludes (includes gradesof scrap Stocka 
rolling steel stainless) borings) scrap stocks? 
rails) 
New England and Middle Atlantic: 
Connecticut, Maine, Massa- 
chusetts, New Hampshire, 
New Jersey, New York, 
Rhode Island .. _ 100 17 18 24 2 160 26 
Pennsylvania 806 47 151 109 17 1,130 100 
Tr 906 64 169 133 19 1,290 126 
North Central 
Illinois |. 2. -- 450 ê) 5 49 Q3) 504 14 
Indiana 539 3 32 153 11 737 11 
Iowa, Kansas, Michigan, Minne- 
sota, Missouri, Nebraska 342 (3) 8 74 8 427 29 
iir ee oe 463 10 44 125 8 649 57 
Wisconsin 10 1 (?) NN US 11 5 
Total cn é 1,805 14 83 400 26 2,328 115 
South Atlantic 
laware, Florida, Georgia, 
land, North Carolina, 
Sout lina, Virginia, 
West Virginia 388 6 11 39 5 449 24 
South Central: 
Alabama, Arkansas, Kentucky, 
Louisiana, Mississippi, Oklaho- 
ma, Tennessee, Texas 600 4 18 131 23 775 81 
Mountain and Pacific: 
Arizona, California, Colorado, 
Hawaii, Montana, Nevada, Ore- 
gon, Utah, Washington 306 1 15 90 6 418 6 
Grand total!!! 4,008 89 295 798 81 5,261 304 


Data may not add to totals shown because of independent rounding. 
Wess than 1/2 unit. 
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Table 9.—U.S. average monthly price and composite price for No. 1 heavy melting scrap 


in 1984 
(Per long ton) 
. , Philadel- Composite 
Month | Chicago Pittsburgh phia Brice 
January c- ec. eeu su LM eS. $92.10 $98.30 $90.30 $93.56 
/ ⁰˙¹ e ecu Aie 90.50 103.25 91.00 94.91 
7õĩ˙—ͤ˙. ͥ ⁰˙· ü ees E 87.50 100.50 85.75 91.25 
FI MMM! !.... nT Pe 85.50 100.50 84.50 90.16 
))%ͤũͤͤ ĩðV4ĩ ²ĩ⁵ðLbd ĩ m rule cer 85.50 99.75 82.00 89.08 
1 / ⁰¾˙Ü—.-w---w y ⁊ 8 80.50 94.50 80.50 85.16 
Julyes-- cou cd ILL. a a EL 88 11.50 88.10 80.50 82.03 
)))) 86 78.50 87.25 81.00 82.25 
„ ß uae iS eR 81.50 92.00 81.50 85.00 
)) eos e ĩͤ Er i 80.90 87.70 80.10 82.90 
November e ⁰ͥ⁰⁰ ⁰⁰⁰⁰⁰yt d 88 84.75 81.50 74.50 80.25 
December. d icu det me ut 83.60 83.40 16.10 81.03 
Average 1984 44a ~~ ~___~_~~_-~~----- 84.02 93.06 82.31 86.46 
Average 198 --:; „„ ũ ö[ 75.03 77.46 68.64 73.71 


Revised. 
1 Composite price, Chicago, Pittsburgh, and Philadelphia. American Metal Market, Mar. 4, 1985. 


Table 10.—U.S. exports! of iron and steel scrap, by country 
(Thousand short tons and thousand dollars) 


nupt 1980 1981 1982 1983 1984 
un — — —ũ — —— ñ— —ę— — 
i Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 
Canada 790 57,507 737 82, 463 307 21, 006 539 39, 717 779 59, 521 
Greece 545 57,484 271 25,452 208 16,517 112 8,215 125 11, 236 
Italy) 892 101.865 34 2.407 12 2.972 65 4,395 306 27,038 
1 . 2,838 308, 784 13191 117,724 1,530 145,083 2,000 218,337 2,080 264,857 
orea, 

Republic of 1,736 192,745 1,241 114,736 1,522 115,515 1,476 111,051 1,833 160,892 
Mexico 1134 137,273 896 102,329 380 33,822 419 36,017 484 47,663 
Spain 1,163 114,837 434 34,570 868 61,616 356 22, 734 608 55, 228 
Taiwan 990 125,716 374 59,874 352 57,213 499 75, 638 405 54,515 
Turkey 318 31,363 364 31,814 639 48, 286 700 50, 851 807 69, 579 
Other 762 98,367 874 91,274 987 108,273 754 69,767 1,471 167,451 

Total? __ 11,168 1,225,941 6,415 638, 644 6,804 610,302 7,520 636,723 9,498 917,981 


1Excludes rerolling material and ships, boats, and other vessels for scrapping. 
Mata may not add to totals shown because of independent rounding. 
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Table 12.—U.S. exports of rerolling material (scrap), by country 


(Thousand short tons and thousand dollars) 


Cod 1980 1982 1983 1984 
u ED — TEESE —— EEE ——ñ̃ —ñ̃ñ——ñ—öñ — ———— CERE MN CR CS S NN S 
i Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 
Korea, Republic of 4 538 EN NES A 5 462 a 
exico 65 10, 848 10,267 33 5,290 28 3,579 8,248 
Pakistans 2 185 n. et ua EE i M 
Other 14 1,197 564 20 2,679 1 153 2,670 
Total 186 12,168 10,831 53 1,969 94 4,194 10,918 
Data do not add to total shown because of independent rounding. 
Table 13.—U.S. imports for consumption of iron and steel scrap,' by country 
1983 1984 
Country Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 
§ö;ð—qq• cet ee 116 $253 55 $175 
Belgium- Luxembourg 422 11 63 49 
SEO EI CHE PACA 8 589,645 41,754 532,241 41,866 
Germany, Federal Republic of |... ,021 94 2,141 131 
7); ͤ e LL 1,346 2,034 3,157 419 
Mexico_ 9 -------------—-——- 32,590 2,061 20,990 2,866 
Netherlands 3) 1 0 
Amn e Lene um a 4,235 123 
S/ ²·o»--- ce h ea 251 101 750 104 
United Kingdom 2,236 396 2,261 261 
Other MERE 8 12,113 913 6,115 952 
TT 640, 745 48,219 572,010 46,946 
Includes tinplate and terneplate. 
2Less than 1/2 unit. 
Data may not add to totals shown because of independent rounding. 
Table 14.—Iron and steel scrap consumption in selected countries! 
(Thousand short tons) 
Continent, country group, and country 1979 1980 1981 1982 1983 
North America: 
Canada ** 9. Lesen a 9,145 9,395 8,233 6,261 6,965 
United States??? 98,901 83,710 85,097 56, 61,782 
Latin America:“ 
Argentina = - ----------------- 1,621 71,321 1,338 1,569 1,570 
Brazil n THER 8 6,497 7,130 6,052 5,625 137 
J) eee A 8 204 209 r €210 146 209 
C 261 211 205 324 369 
Mexico 13,223 73.425 3,618 3,332 2,383 
Ä 230 1224 r e180 120 186 
hh nie see 121 24 20 84 56 
Venezúela- eec ee 1,052 1,068 *1,090 1,027 457 
Central America, not further detailed $198 854 e50 250 250 
Europe: 
European Economic Community: 
Belgium 4,467 4,065 4,183 4,566 *4,685 
Denmark? |... F999 894 758 690 644 
France ---------------——- 8,941 8,748 8,040 7,076 7,197 
Germany, Federal Republic of _ _ _ 23,993 22,401 21,632 719,839 19,692 
C67 8 330 310 300 300 215 
Irelanldd 93 3 41 76 174 
/!;«; Z ee 17,928 919,825 17,799 16,944 15,861 
Luxembourg 1,968 1,738 ,458 ,450 508 
Netherlands 2,166 2,025 1,961 1,994 1,607 
United Kingdom 16,761 10,248 11,424 11.535 1910,858 
Euro Free Trade Association: 
üMHB- C eeu 8 2,013 1,910 1,910 1,807 31 797 
Finland... 819 848 807 758 11780 
Norway y 607 526 1559 587 °550 
Portugal -=n ee cw 542 564 480 r 410 575 
, s oo sss 3,045 52,835 2,924 3,145 *3,395 
Switzerland r 6940 992 $948 $915 4915 


See footnotes at end of table. 
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Table 14.—Iron and steel scrap consumption in selected countries! —Continued 


(Thousand short tons) 
Continent, country group, and country 1979 1980 1981 1982 1983 
Europe —Continued 
Council for Mutual Economic Assistance 
Bulgaria 805 860 830 830 820 
Czechoslovakia? ? 5  — |. | 8,438 8,884 8,244 8,186 8,665 
German Democratic Republic 5,545 5,833 5,816 5,649 5,682 
Hungary? 5 = = 2,595 2,528 2,425 2,446 2,445 
Poland - ---------------—- 11,597 11,817 9,598 79,104 9,917 
Romania 4,190 4,300 4,250 14, 260 4,270 
U.S.S.R 53,020 56,690 56,900 56,500 58,700 
Other: 
SOON /öÄÄöÜéO—1O1᷑ uec LU d 7,961 T9.974 9,933 10,042 10,795 
vugosla via 2,212 2,281 2,324 2,245 2,434 
Africa: South Africa, Republicof?!? . _ _ 3,062 3,974 3,333 €3,060 2,600 
ia: 
China 8,700 9,400 9,000 9,400 10,100 
India? -= unna a 4,400 4,080 4,100 4,200 4,050 
Japané_________ 2L LLL LLL Lc 50,292 48,291 44,616 42,832 44,269 
Korea, Republic D te sd ER E 1,800 2,200 2,700 3,300 3,350 
Taiwan? ® . ___-----------——- 71,100 1,200 1,100 1,400 1,700 
Turkey nne 888 *1,500 *1,900 91.764 *1,900 92,300 
ja: 
Australian 92 639 2, 470 *2 480 *2,07 0 €1,820 
New Zealand $160 6160 155 160 150 
„ es rr ™376,971 361,551 350,835 318,600 324,744 


1Unless otherwise specified, figures represent actual Topora consum Mon of iron and steel scrap utilized in the 
production of pig iron, ferroalloys, crude steel, foundry products, and rerolled steel, as well as other unspecified uses in 
the steel industry and by other vini ree industries as reported by the United Nations Economic ission for 
Europe in its Annual Bulletin of Steel Statistics for Europe 1983, v. 11, New York, 1984, 38 pp., which is the source of all 
reported data unless otherwise specified. All estimates are by the Bureau of Mines. 

cludes scrap consumed by steel rerollers. 

*Excludes scrap consumed by iron foundries. 

*Excludes cn consumed within the steel industry for purposes other than the manufacture of pig iron, ferroalloys, 
crude steel, foundry products, and rerolled steel (details on use not available). 

5Excludes scrap consumed outside the steel industry. 


Bureau of Mines. 
"Except where individually specified as an estimate or as being derived from another source, data are from Instituto 
Latino Americano del Fierro y el Acero. Statistical Yearbook of Steel ing and Iron Ore Mining in Latin America, 


1983, Santiago, 1984, 160 pp. Source does not ES details on what is included; presumably figures include total steel 
industry ferrous scrap consumption but exclude scrap used outside the steel industry. 

*[ncludes scrap used in production of steel casting in shipyards, but excludes scrap, if any, used in production of pig iron 
and that used in iron foundries. 

*Organization for Economic Cooperation and Development. The Iron and Steel Industry in 1979, Paris, 1980, 40 pp.; The 
Iron and Steel Industry in 1980, Paris, 1982, 40 pp.; The Iron and Steel Industry in 1981, Paris, 1983, 40 pp; The Iron and 
Steel Industry in 1982, Paris, 1984, 52 pp; The Iron and Steel Industry in 1983, Paris, 1985, 52 pp. 

l?Tncludes 8,543,000 tons reported for use in production of pig iron and crude steel, and an estimated 2,315,000 tons used 
by iron foundries. 

11Excludes consumption, if any, in the production of pig iron. 

Iron and Steel Statistics Bureau (United Kingdom). International Steel Statistics, Republic of South Africa, 1981, p. 4. 

13Excludes a substantial tonnage derived from shipbreaking (possibly of the order of several million short tons 
annually for electric-furnace-equipped steel mills). 
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(Thousand short tons) 
Continent, country group, and country 1979 
North America: E 
Canada --—-------------------—- 1,139 
United States? ss 11,124 
Latin America: 
Mexico!!! 1 
Europe: 
* Economic Community: 
lgium- Luxembourg 606 
Dénmark- .—— & ß ees 100 
FPCCõ§ĩ’ðẽĩĩ˙”bſ ³ A eee te 3,887 
Germany, Federal Republic of |... 3,305 
e ee LU E ($) 
Ireland -- -n 79 
ĩ ]⁰˙¹“»A . A 14 
Netherlands 1.259 
nited Ki JJ ee CR UR 1,475 
Euro Free e Association: 
ustria_——-------------———-— 17 
Finland_ — ---------------—-——— 3 
VVV E 
ortugal s Locorum cum ee 
SWeden- —. ou ee LS de 19 
Switzerland |... 222222 -2- 110 
Council for Mutual Economic Assistance: 
Bulgaria - - - - ---------------—-- 143 
Czechoslovakia 137 
German Democratic Republic 57 
ungary nc 41 
Poland ____------------————- 12 
Romania) ____________________ 1 
SSS ue AA 2,190 
Other: 
Iceland VICECOMES E E ny ee 5 
i| WEM RR ($) 
Yugoslavia... LLL LL LLL Lc 52 
Africa: 
Morocco!!! 98 
South Africa, Republic of) ) 1 
Asia: 
JJ ae ³ 6 ar die ($) 
Hong Rong ggg 412 
aaa LLLLLLLLLLLLL 12 
Indonesia? ______________________ "E 
daban 4-0 mn 166 
Korea, Republic )) ³ A CS 14 
G.(öͤͤĩ§ĩ[%—%7v⁵ köèẽ ͤ : 15 
Philippines 3 
Singapore 2 
Taiwan“) 79 
Whalland? onc iso ees ER 
Australia 63 
New Zealandd iii 5 
„„ EIL eta 26,698 
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Table 15.—Iron and steel scrap exports, by selected countries! 


*Estimated. "Revised. 


1980 


865 
11,254 


1981 


632 
6,472 


108 
3 


725,445 


1982 


1627 
6,857 


443 
1,249 
3 


125,719 


1Unless otherwise specified, source is United Nations Economic Commission for Europe. Annual Bulletin of Steel 


Statistics for Europe 1988, v. 11, New York, 1984, 38 pp. 


cial trade returns of subject country. 
Includes rerolling material. 
Less than 1/2 unit. 


partial figure; compiled from import statistics of trading partner countries. 
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Table 16.—Iron and steel scrap imports, by selected countries 


(Thousand short tons) 
Continent, country group, and country 1979 1980 1981 1982 1983 

North America: 

Canada ne i AA A Lea 1,156 1,119 924 1505 2734 

United States 761 582 556 468 641 
Latin America: 

Argentina 7 2 2 2 2 

Brazil (3) 24 8 8 (3) 

Chile sue f x Be re ace IO Les (3) (3) 5 *10 10 

Colombia 25 14 33 30 51 

CUbBu ˙¹˙ 0 ˙Ü0ÜÜ ſ ͤ1V . ĩ 480 495 €100 2100 2100 

Mexico? |. hh 393 251 235 96 *100 

JCö˙—³% td m;œæ!·· eee ee Li 36 40 18 e20 

Venezuela 50 36 55 e50 e50 

Europe: 
European Economic Community: 

lgium-Luxembourg _ __ _________- 1,069 947 1,054 978 21,152 
Denmark 313 239. 198 197 74 
Frenſſene Sk 465 503 383 304 338 
Germany, Federal Republic of ________ 1,769 1,658 1,473 1,421 1 ,423 
Greece eee oe i ee ae 254 263 317 478 574 
Ireland oe te ee 9 4 2 77 
I)) ⁵ e f 7,596 8,168 6,107 6,141 4,901 
Netherlands 136 70 262 2 40 
United Kingdom ________________ 49 28 23 41 12 

European Free Trade Association: 

Austria 149 158 187 420 241 

Einland-. naen ] ³˙ 8 98 117 68 56 41 

Norway___________-~-~--------- 8 58 26 4 17 

Portugal ?: 8 161 164 94 7138 121 

Sweden- s ĩðVLĩſ ĩð A LLL EHE 143 84 212 583 496 

Switzer lad 197 151 125 118 162 
Council for Mutual Economic Assistance: 

r E 41 (3 4) -— 88 oe 
Czechoslovakia 47 62 1278 81 2100 
German Democratic Republi 780 1,001 164 502 *500 
Hüngary o uu eee 7 4 159 15 31 
Poland ·˙¹¹wꝛAA 0A 7 250 58 6 6 
Romania ———---------------——- 11 62 
USSR- — coL EE 522 693 824 697 e30 

Other: 
Spali -anaa D 8 3,805 4,835 4,479 15,249 5,227 
Yugoslavia. osi emen 292 437 2528 560 812 
Africa: 

Egypt" Be a th ae sapere ERE 8 18 Al 15 14 215 
orocco LL 117. IR (3) (3) 22 23 23 
South Africa, Republic of PU 9 31 14 r31 8 

ia: 
China ___—-—---------—----—-----—— 6 2 (3) 3 e3 
Hong Kong? -------------------—- 116 103 104 71 30 
k E R E A 160 124 573 r €500 *500 
Indonesia -—_—--------------—-——— 33 43 69 250 2,281 
))))))))%FͤöÄXi ᷑ EORR D RN ROAD 3,688 3,291 1,974 2,232 4,306 
Korea, Republic of? |... 1,742 2,130 2,546 1,994 2,090 
Malaysia „ 7 5 60 28 30 
FR ³˙i. A Deni e uu 139 368 2534 2173 2132 
Philippines 105 10 10 28 (5) 
77777ͤ uo as 120 190 86 108 104 
Taiwan?________________________ 839 1,358 971 718 811 
Thailand?_______________________ 678 373 460 429 707 
II H (AAA 8 399 381 579 825 1,184 

Oceania 

Australia?___§ . = = 1 1 1 *] el 
New Zealand 1 69 5 6 3 
Total jst A eo ⁰⁰⁰ stets 127,918 130,076 126,844 126,161 30,652 


“Estimated. ‘Revised. 

1Unless otherwise specified, source is United Nations Economic Commission for Europe. Annual Bulletin of Steel 
Statistics for Europe 1983, v. 11, New York, 1984, 38 pp. 

20fficial trade returns of subject country. 

SLess than 1/2 unit. 

Partial figures; compiled from export statistics of trading partner countries. 

5Officially reported, but may be an incomplete figure. 

Partial figure, compiled from incomplete returns of subject country and export statistics of trading partner countries. 
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Kyanite and Related Materials 


By Michael J. Potter! 


Kyanite, andalusite, and sillimanite are 
anhydrous aluminum silicate minerals that 
are alike in both composition and use pat- 
terns and have the same chemical formula, 
AlzOseSiO:. Related materials include syn- 
thetic mullite, dumortierite, and topaz, also 
classified as aluminum silicates, although 
the last two additionally contain substan- 
tial proportions of boron and fluorine, re- 
spectively. All of these kyanite-group sub- 
stances can serve as raw materials for 
manufacturing special high-performance, 
high-alumina refractories, but no record in 
recent years exists of significant utilization 
of either dumortierite or topaz for this 
purpose in the United States. 

Although published statistics were incom- 
plete, the United States, the Republic of 
South Africa, and India appeared to be the 
leading world producers of kyanite-group 
minerals. The U.S.S.R. and perhaps a few 
other industrialized nations were also pre- 
sumed to produce significant quantities of 
these materials. 

U.S. kyanite output in 1984 was estimat- 
ed to be slightly higher than that of 1983. 
Major end uses of kyanite and mullite were 
in refractories for the ferrous and nonfer- 
rous metals industries. These industries 
showed some increase in output in the first 
half of 1984 compared with that of 1983. 

Export and import data since 1977 for 


kyanite and mullite-containing materials 
are no longer collected as a separate cate- 
gory by the Bureau of the Census. 

Domestic Data Coverage.—Domestic pro- 
duction data for kyanite and synthetic 
mullite are. developed by the Bureau of 
Mines by means of two separate, voluntary, 
domestic surveys. In the kyanite survey, of 
the three active mines canvassed, none re- 
sponded. These mines were operated by two 
companies. One company stopped respond- 
ing in the late 1970's and the other, with 
two mines, last reported in 1981. An esti- 
mate of total production was made by the 
Bureau of Mines using last reported produc- 
tion levels adjusted by the trend of the 
minerals economy. 

In the synthetic mullite survey, of the 
five canvassed operations, three, or 60%, 
responded and accounted for 12% of the 
total production data shown in table 1. The 
percentage of production that was esti- 
mated, 88%, was arrived at by using last 
reported production levels adjusted by the 
trend of the minerals economy. 

Legislation and Government Pro- 
grams.—The allowable depletion rates for 
kyanite, established by the Tax Reform Act 
of 1969 and unchanged through 1984, were 
22% for domestic production and 14% for 
foreign operations. 


DOMESTIC PRODUCTION 


Kyanite was produced in the United 
States at three open pit mines, two in 
Virginia and one in Georgia. Kyanite Min- 
ing Corp. operated the Willis Mountain and 
East Ridge Mines in Buckingham County, 
VA. C-E Minerals Inc. operated the Graves 
Mountain Mine in Lincoln County, GA. In 
late 1984, C-E Minerals sold its kyanite 
operation to its management staff. The 
name of the new company is Pasco Mining 


Inc. 

There are three types of synthetic mull- 
ite. Fused synthetic mullite is made by 
melting Bayer process alumina and silica, 
or bauxite and kaolin, in an electric furnace 
at about 3,450° F. High-temperature sinter- 
ed synthetic mullite is prepared by sinter- 
ing mixtures of alumina and kaolin, baux- 
ite and kaolin, or alumina, kaolin, and 
kyanite above 3,180° F. Low-temperature 
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sintered synthetic mullite is made by sin- 
tering siliceous bauxite or mixtures of baux- 
ite and kaolin above 2,820" F. 

Output of synthetic mullite in 1984 was 
estimated to be largely of the high-tem- 
perature sintered variety, and the two 
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producers of this material were believed 
to be CE Minerals at Americus, GA, 
and Harbison-Walker Refractories Co. at 
Eufaula, AL. Electric-furnace-fused mullite 
was produced by The Carborundum Co. at 
Niagara Falls, NY. 


Table 1.—U.S. production of 
synthetic mullite 


Quantity Value 

Year (short (thou- 

tons) sands) 
Ih ene 40,540 $8,012 
„C 42,000 9.050 
1982. a E 27,000 5,950 
198e 23,000 4,100 
1984 eei 222222-2- 27,000 5,300 

“Estimated. 
CONSUMPTION AND USES 


Kyanite and related materials were con- 
sumed mostly in the manufacture of high- 
alumina or mullite-class refractories and 
lesser quantities as ingredients in ceramic 
compositions. U.S. kyanite, already ground 
to minus 35 mesh as required by the flota- 
tion process used in its separation and 
recovery, was marketed either in this raw 
form or, after heat treatment, as mullite, 
sometimes further reduced in particle size 
before use. In the 35- to 48-mesh range, 
kyanite was used mostly in monolithic re- 


fractory applications such as high-tem- 
perature mortars or cements, ramming 
mixes, and castable refractories, or with 
clays and other ingredients in refractory 
compositions for making kiln furniture, in- 
sulating brick, firebrick, and a wide variety 
of other articles. More finely ground materi- 
al, minus 200 mesh, was used in body mixes 
for sanitary porcelains, wall tile, invest- 
ment-casting molds, and miscellaneous 
special-purpose ceramics. 


PRICES 


Engineering and Mining Journal, Decem- 
ber 1984, listed prices for raw kyanite, 
f.o.b. Georgia, ranging from $92 to $144 per 
short ton for bulk shipments and $9 more 
per ton for bagged material. 


The December 1984 issue of Industrial 
Minerals (London) quoted kyanite-group 
prices approximately equivalent to the 
following:? 


Per short 
ton 


Andalusite, Transvaal, 52% to 541% 
Al205, bulk, c.i.f. main European port $79 
Andalusite, Transvaal, 60% AlzOg. c.i f. 


main European port 


Sillimanite, South African, 70% Al203, 


bags, c.i.f. main European port . 215 
U.S. kyanite, 59% to 62% AlaOs, 35-325 Tyler 
mes 


main European port 


U.S. anite! f.o.b. piant, carlot: 


Raw RS ean 
Calcined_ | | |... 


, raw and/or calcined, 18-ton lots, c.i.f. 
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FOREIGN TRADE 


An estimated one-third of U.S. production 
of kyanite and mullite-containing materials 
was exported, primarily to the Federal Re- 
public of Germany. According to a non- 


Government source, 6,000 tons of andalusite 
was imported in 1984 from the Republic of 
South Africa. 


WORLD REVIEW 


Australia.—A journal article described 
the mining operation of Australian Indus- 
trial Minerals N.L. (AIM), located near 
Williamstown, 36 miles northeast of Ade- 
laide, the capital of South Australia. Refrac- 
tory clay, filler clay, sillimanite, and mica 
were produced from two open pit mining 
operations. Output of sillimanite, approxi- 
mately 650 to 750 tons per year, was being 
sent to Nonporite Ltd. in Melbourne for 
calcining and resale for use in high-tem- 
perature refractories such as porcelain 
insulators for spark plugs. AIM was devel- 
oping a market for sillimanite in Japan.? 

A deposit of topaz and quartz in silexite, 
an igneous rock, was under investigation at 
Torrington in New South Wales. Early 
work had established indicated and inferred 
reserves of 6.6 million tons of silexite con- 
taining 1.3 million tons of topaz. However, 
reserves had evidently been extended since. 
Calcination of topaz at 2,280° F to 2,550° F 
yields mullite and fluorine-rich gases, main- 
ly silicon tetrafluoride. The latter can be 
converted to fluosilicic acid or sodium hex- 
afluoride, which are starting compounds for 
manufacturing fluorine chemicals. Topaz 
concentrates were test calcined and yielded 
a clean, white mullite product containing 
over 70% alumina. Two groups apparently 
interested in the deposit were Pacific Cop- 
per Ltd. and Kingsway Resources.* 

Canada.—Topaz was expected to be a by- 
product from a proposed Rio Algom Ltd. tin 


mine 34 miles northeast of Yarmouth, Nova 


Scotia, near the village of East Kempt- 
ville. Topaz would be separated electrostati- 
cally from a cassiterite concentrate.* 

China.—Andalusite was discovered in 
Liaoning Province, with reserves estimated 
to be over 55 million tons. The deposit is 
close to the surface at some points, and open 
pit working was considered feasible.“ 

A large-scale sillimanite mine with total 
reserves of 40 million tons was verified in 


Jixi City, Heilongjiang Province.’ 

India.—In addition to reserves of about 
140,000 tons of lump kyanite at Hindustan 
Copper Ltd.’s Lapso Buru mining operation 
in Bihar State, very large tonnages of lower 
grade material exist in India. Initial benefi- 
ciation test work on lower grade material 
by the Indian Bureau of Mines at their 
laboratories in Nagpur, Maharashtra State, 
yielded favorable results. Beneficiation of a 
sample of raw kyanite ore containing ap- 
proximately 35% kyanite, 50% quartz, 10% 
mica, and 5% other minerals yielded a 
product containing about 95% kyanite, 1% 
quartz, 1% mica, and 3% other minerals. 
The product was considered to be acceptable 
for refractory use.® 

Japan.—Imports of kyanite, andalusite, 
and sillimanite in 1983 totaled 19,500 tons; 
countries of origin were the Republic of 
South Africa, 13,400 tons; the United States, 
5,300 tons; and India, 700 tons. 

United Kingdom.—In 1983, imports of 
kyanite-group minerals totaled 39,300 tons; 
principal countries of origin and tonnages 
were France, 18,700 tons; the Republic of 
South Africa, 13,400 tons; and the United 
States, 4,500 tons. 


1Physical scientist, Division of Industrial Minerals. 

?Where necessary, values have been converted from 
pounds sterling (£) per metric ton to U.S. dollars per short 
ton at the rate of £1.00 = US$1.25 

Industrial Minerals (London. A Profile of the 
Williamstown Kaolin-Sillimanite-Mica Deposits. No. 196, 
Jan. 1984, pp. 37-40. 

*Coope, B. M. Developments in Australia's Industrial 
Minerals. Ind. Miner. (London), No. 206, Nov. 1984, p. 69. 

*Moyle, J. E. Development and Construction Begins at 
Fast Kemptville. North America's Only Primary Tin 
Mine. Min. Eng., v. 36, No. 4, Apr. 1984, p. 336. 

Industrial Minerals (London). Company News & Miner- 
al Notes. No. 205, Oct. 1984, p. 71. 

7. No. 201, Dec. 1984, p. 67. 

5Mining Magazine (London). Beneficiation of Lapso 
Buru Kyanite. V. 151, No. 4, Oct. 1984, p. 289. 

?Industrial Minerals (London). Japanese Imports and 
oe rum of Industrial Minerals, 1983. No. 203, Aug. 1984, 


10. — ——. United Pnom Industrial Mineral Statistics. 
No. 199, Apr. 1984, p. 7 
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Table 2.—Kyanite: World production, by country! 


(Short tons) 
Country? and commodity 1980 1981 1982 1983P 1984* 
Australia: Sillimanitee ses 729 365 863 r €225 225 
Brazil: Kyaniteeee 4,707 1,753 466 r €1,100 1,100 
China: Unspecified 2,800 2,800 2,800 2,800 2,800 
France: Kyanite-andalusitee______________ 33,100 33,100 33,100 33,100 33,100 
ndia: 

Andalus ite EE 161 591 2,836 3,000 

F ß ees suni Le AL 51,282 42,200 37,425 42,226 41,890 

Sillimanite t vy 14,315 11,303 14,403 8,739 9,925 
Korea, Republic of: Andalusite |... 90 99 90 319 220 
South Africa, Republic of: 

Arnidalusité 5 nme ee 216,622 199,818 171,655 128,503 155,425 

Sime Bel a nl 17,851 17,090 11,089 898 1,545 
Spain: Andalusite ~- - ------------------ 7,133 6,780 5,627 4,945 4,960 

nited States: 

Kyanite 220 on ee ci a oe e W W W W W 

Synthetic mullite |... 5... 40,540 42,000 27,000 *23,000 27,000 
T) A anm Se e 789 959 2,433 €2,540 2,540 


Estimated. Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data. 
lOwing to incomplete reporting, this table has not been totaled. Table includes data available through Apr. 17, 1985. 
2In addition to the countries listed, a number of other nations produce kyanite and related materials, but output is not 
reported quantitatively, and no reliable basis is available for estimation of output levels. 
In addition, sillimanite clay (also called kaolinized sillimanite) is produced, but output is not reported quantitatively, 
and available information is inadequate for the formulation of reliable estimates of output levels. 
*Series reflects output of marketable products; crude production (as reported in previous editions of this chapter) was as 
Oawn 5 . (revised); 1981—24.302 (revised); 1982— 24, 302; 1983 — 20,000 (revised, estimated); and 
984 20,000 (estimated). : 


Lead 


By William D. Woodbury! 


Domestic mine output of recoverable lead 
declined by about 127,000 metric tons in 
1984, and was the lowest production since 
1967. Primary refinery output was also the 
lowest since 1967 and was about 119,000 
tons less than that of 1983. The low produc- 
tion levels in 1984 were attributed to strikes 
of 8-1/2 months and 7 months at mines in 
Missouri of the Nation's two fully integrat- 
ed primary lead producers. The plants af- 
fected by the strike in Missouri operated 
intermittently, often using only supervi- 


sory and other salaried personnel. Second- 
ary refinery production in the United 
States, however, increased significantly 
during the year after 4 consecutive years of 
decline. Net imports of refined metal for 
consumption were over 150,000 tons for the 
second straight year. Total domestic report- 
ed consumption, especially by the lead-acid 
storage battery sector, increased signifi- 
cantly and reached the highest level since 
1979. 


Table 1.—Salient lead statistics 
(Metric tons unless otherwise specified) 


United States: 
roduction: 
Domestic ores, recoverable lead content 
Vauuu ouai thousands 
Primary lead (refined): 


From domestic ores and base bullion 
From foreign ores and base bullion _ — _ _ 
Antimonial lead (primary lead content) _ — 
Secondary lead (lead content) 
Exports (lead content): 
Lead ore and concentrates... 
Lead materials excluding crab 
Imports, general: 
Lead in ore and matte 
Lead in base bullion - _____________-_~- 
Lead in pigs, bars, reclaimed scrap _ _ _ _ _ _ — 
Stocks, Dec. 31 (lead content): 
At primary smelters and refineries 
At consumers and secondary smelters .. _ - 
Consumption of metal, primary and secondary ... 
" dus Common lead, average, cents per pound? _ _ 
or 


Production: 
Mine thousand metric tons. _ 
Refinery? ________________- do... 
Secondary refinery ----------- do_ ___ 


Price: London Metal Exchange, pure lead, cash 
average, cents per poun 


“Estimated. Preliminary. 


1980 1981 1982 1983 1984 
550,366 445,535 512,516 1449, 216 321,897 
$515,189 $358,821 $288,579 *$214,708 — $181,305 
508,163 440,238 459,865 459,328 330,168 
39,427 55,085 52,295 55,227 65,409 
851 ,008 4,622 W W 
675,578 641,105 571,276 503,501 582,153 
21,615 33,043 29,104 20,119 11,858 
164,458 23,320 55,629 124,351 16,563 
44,095 58,545 35,807 47,516 68,870 
296 449 19 53 43 
88,995 107,185 99,587 1179,485 167,868 
125,994 140,207 125,537 106,661 135,079 
126,214 123,216 97,209 100,771 97,072 
1,070,303 1,167,101 1,075,408 1,148,487 1,207,033 
42.46 36.53 25.54 21.68 25.55 
T3,469.7 73,369.7 3,441.8 P3,366.2 *3,190.4 
"3,169.4 3,126.6 3,169.6 P3,231.2 3,153.0 
"2,260.5 "2,211.6 2,059.1 P2,0229 2,135.5 
41.21 38.30 24.66 19.27 20.12 


"Revised. W Withheld to avoid disclosing company proprietary data. 


!Includes Bureau of Mines estimate of 42,000 metric tons of pigs and bars (lead content) of U.S. brands returned from 


the London Metal Exchange. 
2Metals Week. Transactions on a delivered basis. 


3Primary metal production only. Includes secondary metal production where inseparably included in country total. 
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In addition to the supply disruptions in 
the United States, there were strikes and 
floods in Australia; disputes between 
smelter-refinery operators in Europe and 
Morocco and the concentrate producers in 
Morocco; and floods, landslides, and guerilla 
activities hampering shipments in Peru. 
Therefore, world primary refined lead pro- 
duction declined. Total refined lead produc- 
tion was about 120,000 tons less than the 
estimated total world consumption, which 
was over 150,000 tons greater than that 
estimated for 1983. The temporary disrupt- 
ions of production caused intermittent 
shortage periods throughout the world of 
high-quality 99.99% refined lead, the stand- 
ard generally in demand by battery manu- 
facturers. Those temporary supply squeezes 
allowed the U.S. and London Metal Ex- 
change (LME) prices to recover in June, 
July, and August, the start of the buying 
season by the battery manufacturers, to the 
highest levels since 1982. The average U.S. 
producer price for 1984 was about 4 cents 
per pound greater than that of 1983, and 
about the same as that of 1982, at 25.5 cents 
per pound. On the LME, the price averaged 
] cent per pound greater than that of 1983, 
and averaged 5.4 cents per pound less than 
in the United States, which permitted con- 
siderable importation of refined lead metal 
into the United States. 

In the United States, major Government 
agency and legislative actions affected the 
lead industry with respect to effluent limi- 
tations from producer and consumer plants, 
in-plant maximum permissible exposure 
limits for workers, solid and hazardous 
waste disposal, and new limits for lead in 
gasoline were proposed to become effective 
in 1985. In 1984, a prototype 25-ton-capac- 
ity, battery-powered tractor was tested and 
evaluated under actual specialized working 
conditions, with encouraging results. Also, a 
newly developed lead-foil and plastic- 
laminate underground power cable system 
was installed in the United States. 

Domestic Data Coverage.—Domestic da- 
ta for lead are developed by the Bureau of 
Mines from five voluntary surveys of U.S. 
operations. Typical of these are the combin- 
ed monthly and annual secondary and con- 
sumer surveys. Of the 348 plants to which a 
consumer survey request was sent, 95% 
responded, representing 99% of the total 
lead consumption shown in tables 1, 12, 13, 
14, and 15. Of the 67 plants to which a 
secondary smelter production survey re- 
quest was sent, 93% responded, represent- 
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ing 97% of the total refinery production of 
secondary lead recovered from scrap shown 
in tables 10 and 11. Production and con- 
sumption for the nonrespondents were esti- 
mated using reported prior year levels ad- 
justed by general industry trends. 

Legislation and Government  Pro- 
grams.—In March, the Environmental Pro- 
tection Agency (EPA) published final ef- 
fluent limitations under the Clean Water 
Act of 1977, as amended, that included lead 
and battery manufacturing plants. The lim- 
its were based on each type of plant produc- 
tion or consumption of metal and the best 
available technology (BAT), which general- 
ly represented the best existing perform- 
ance in a specific industry. The standards 
became effective on July 1, 1984. For those 
existing plants indirectly discharging 
through, or interfering with, publicly owned 
water treatment plants, BAT pretreatment 
standards must be complied with by March 
1987. In 1988, an economically achievable 
standard of zero discharge of process waste 
water, based on 100% recycling, was estab- 
lished for lead oxide manufacturers. 

All primary and secondary lead smelter- 
refineries and lead-acid-battery manufac- 
turing plants were required to submit final 
compliance plans for the Occupational Safe- 
ty and Health Administration’s (OSHA) in- 
plant maximum permissible exposure limit 
(PEL) standard of 50 micrograms of lead per 
cubic meter of air by August 1, 1984. The 
operational deadline was June 29, 1986, for 
secondary and battery plants, and June 29, 
1991, for primary smelter-refineries. The 
interim operational PEL standard in effect 
for all plants until these dates was 100 
micrograms of lead per cubic meter of air. 
Variable combinations of administrative 
controls and worker self-protection, with 
engineering controls, could be employed in 
the interim and final plans, but each plan 
was to be negotiated on a plant-by-plant 
basis with the Government, and where ap- 
plicable, with the union. Variable combina- 
tions were permitted instead of full com- 
pliance solely by the engineering-controlled 
average limits (ECAL) originally mandated, 
because ECAL were determined by OSHA 
to be uneconomical in most cases and tech- 
nologically infeasible to retrofit in some 
cases. 

On November 8, 1984, Public law 98-616, 
the Hazardous and Solid Waste Amend- 
ments Act, was enacted amending the Solid 
Waste Disposal Act of 1965 (SWDA) previ- 
ous amendments, the Resource Conserva- 


' LEAD 


tion and Recovery Act of 1976, and the 
SWDA amendments of 1980. Under Public 
Law 98-616, lead mine, concentrator, and 
smelter-refinery effluents, including those 
associated with any solid or sludge, would 
be classified as hazardous if the concentra- 
tion of lead or its compounds were 500 parts 
per million or greater, and/or the pH was 
less than or equal to 2.0. The EPA Adminis- 
trator, however, in the case of all mine and 
other special wastes, was authorized to 
modify the minimum technological disposal 
and monitoring requirements in the case of 
landfills or surface impoundments receiving 
such solid wastes, as long as protection of 
human health and the environment were 
ensured. The general provisions of the law 
also apply to all secondary plants and lead 
product plants, including battery manufac- 
turers and breakers. 

The EPA announced in early August that 
it was considering a reduction in the per- 
missible amount of lead in gasoline to 0.1 
gram per gallon effective January 1, 1988, 
nearly a 90% reduction from the 1.1-gram- 
per-gallon standard in effect since Novem- 
ber 1, 1982. The effective date was subse- 
quently moved up to January 1, 1986. An 
interim limit of 0.5 gram was set for July 1, 
1985, and a total ban was being considered 
at the end of 1984 for January 1, 1988. 
According to EPA, the change was needed 
because of significantly more leaded gas 
being consumed than anticipated, apparent- 
ly owing to considerable unlawful consumer 
use of leaded gasoline in vehicles requiring 
unleaded gasoline. 

On July 25, 1984, the U.S. Department of 
Commerce's International Trade Adminis- 
tration (ITA) directed the U.S. Customs 
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Service to immediately start collecting a 
cash deposit of 5.22% on imports of litharge, 
red lead, and lead stabilizers from Mexico 
as a countervailing duty based on a finding 
of unfair subsidization of those products by 
the Government of Mexico. This was in 
addition to the 3.39% ad valorem penalty 
imposed on December 6, 1982. The ITA also 
finally decided on a 9.26% retroactive pen- 
alty on those same products imported from 
Mexico between September 21, 1982, and 
December 5, 1982. On October 30, 1984, an 
omnibus trade bill was signed into law, 
which included a provision reducing the 
tariff on unwrought lead from 3.5% ad 
valorem to 3.0% ad valorem, but not less 
than 1.0625 cents per pound. The provision 
was retroactive to July 1, 1988, on which 
date a similar law expired. The new provi- 
sion expires on December 30, 1988. 

Under the Comprehensive Environmen- 
tal Response, Compensation, and Liability 
Act of 1980 (Superfund), which was schedul- 
ed to expire in September 1985, lead oxide 
producers are taxed at a rate of $4.56 per 
ton ($4.14 per short ton). Several Superfund 
reauthorization bills introduced in Congress 
in 1984 proposed that all lead be added to 
the list of potentially hazardous materials 
to be taxed, but no legislation was enacted. 
Proposed revenue schemes included waste- 
end taxes, corporate taxes on hazardous 
waste generation, direct taxes on metal 
feedstocks (either flat rate or geared to a 
specified percentage of the selling price), 
and various broad-based value-added sys- 
tems. 

During 1984, the National Defense Stock- 
pile remained at 545,000 tons, about 55% of 
the current authorized goal. 


DOMESTIC PRODUCTION 


MINE PRODUCTION 


The production of U.S. lead mines in 
terms of recoverable lead content was the 
lowest since 1967, 2 years before the Missou- 
ri Viburnum Trend operations came fully 
on-stream. The decline in 1984 was the 
result of prolonged strikes at the Nation’s 
two Missouri-based, integrated primary pro- 
ducers’ facilities. Seven Missouri lead mines 
accounted for over 86% of total domestic 
production, and together with the lead- 
producing mines in Colorado, Idaho, Mon- 
tana, and New York accounted for 99.8% of 
the total U.S. mine output. Some byproduct 


lead was also recovered from mining in six 
other States during the year. 

According to AMAX Inc.’s annual report, 
the Buick Mine in Iron County, MO, equally 
owned by AMAX Lead Co. of Missouri, the 
operator, and Homestake Mining Co., con- 
tinued to be the Nation’s largest single lead- 
producing unit, milling 1.36 million tons of 
ore at an average grade of 8.1% lead. 
Production was down nearly 30% from that 
of 1983 owing to a strike by the United 
Steelworkers of America from June 1 to 
December 29, 1984, during which time the 
mine was operated at reduced capacity 
using supervisory personnel and workers 
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brought in from other AMAX operations. 
The average lead content of the ore hoisted 
for the year was 0.2% higher than that of 
1983. The lead content of the concentrates 
produced was 106,230 tons. Estimated re- 
serves of the mine at yearend were 32.75 
million tons of ore at an average grade of 
5.6% lead, down 0.1% in grade and 1.65 
million tons from yearend 1983. 

The second largest producing lead mine 
was the Magmont Mine, jointly owned by 
Cominco American Incorporated and Dress- 
er Industries Inc. The Magmont Mine is 
also in Iron County, MO. According to 
Cominco Ltd.'s annual report, 1.01 million 
tons of ore was milled at an average grade 
of 7.1% lead. Lead concentrate production 
decreased slightly to 90,350 tons from that 
of 1983, and the average grade also decreas- 
ed, from 77.4% to 77.0%, reflecting the 
0.1% overall drop in the grade of the ore 
hoisted. In August, the mine attained its 
highest monthly production of total concen- 
trates ever—14,300 tons. A new annual 
record was also set for total concentrate 
production, owing to significantly higher 
zinc grades and improved mining equip- 
ment efficiencies in the new Magmont West 
area, which was opened in late 1983. Total 
measured and indicated reserves at Mag- 
mont increased over 25% to 7.17 million 
tons in 1984, but the average lead grade 
dropped from 8.0% to 6.5%. Cominco’s 
share of the Magmont Mine’s lead pro- 
duction was purchased by ASARCO In- 
corporated’s lead smelter-refinery at Glov- 
er, MO, and Dresser’s share was tolled by 
Asarco. 

St. Joe Lead Co., the largest integrated 
producer of lead in the United States, about 
34% of domestic lead mine production in 
1984, operated three mine and mill com- 
plexes involving five mines in southeastern 
Missouri. According to St. Joe’s parent cor- 
poration, Fluor Corp., in its annual Securi- 
ties and Exchange (SEC) Form 10-K cover- 
ing Fluor’s fiscal year ending October 31, 
1984, the five mines produced 122,700 tons 
of lead in concentrates. The Fletcher Mine 
in Reynolds County, MO, was the Nation’s 
third largest producing lead mine during 
the year. An additional 2,145 tons was 
produced at St. Joe’s zinc mines in New 
York. St Joe’s total production was down 
considerably from its 1983 fiscal year owing 
to a strike from April 1 to December 12, 
1984, at the company’s five Missouri mines. 
Curtailed production levels were attained 
by the use of salaried personnel and non- 
union labor. The three mills treated 2.67 
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million tons of ore grading 4.76% lead, a 
tonnage decrease of 36% from that of fiscal 
year 1983. St. Joe’s total estimated mill 
capacity was 20,000 tons of ore per day, and 
its mine capacity was estimated by the 
Bureau of Mines to be about 40% of that 
estimated for the U.S. primary lead indus- 
try. St. Joe had proven domestic reserves in 
Missouri of 57.3 million tons of ore grading 
about 5% lead at its fiscal yearend. 

Hecla Mining Co. reported in its annual 
report that its Lucky Friday unit in Sho- 
shone County, ID, produced at capacity 
throughout the year and milled a record 
high 233,432 tons of silver ore that contain- 
ed 28,428 tons of lead, also a new record. 
The record highs were attributed primarily 
to the first full year of production from the 
6,200-foot-deep shaft, but during the year 
the unit’s efficiency was also improved by 
the completion of a new pumping system 
and cooling plant, turbine generator, and 
new ball mill. An exploration program be- 
gan in the first quarter to explore recently 
acquired properties surrounding Lucky Fri- 
day, including a long-term lease on Allied 
Silver-Lead Co.’s property acquired during 
the year. Ore reserves at Lucky Friday at 
yearend were 569,260 tons, up 21% over 
that of 1983, and were estimated by Hecla to 
contain 17.5 troy ounces of silver per ton 
and 13.2% lead, up 1% over that at yearend 
1983. Hecla operated the Sherman Mine, or 
Sherman Tunnel, on a 60% equity basis for 
Leadville Corp. in Lake County, CO, but 
sold its 60% share back to Leadville on 
December 14, after ceasing operations in 
September for economic reasons. For 9 
months in 1984, the mine had produced over 
500,000 troy ounces of silver and 280 tons of 
byproduct lead. 

Preliminary underground development at 
Asarco’s large new West Fork Mine in 
southeast Missouri continued and was ex- 
pected to be completed in the first quarter 
of 1985, with probable initial production 
phasing in late in the year. When in full 
operation, West Fork was reported to be 
capable of processing 3,450 tons of ore per 
day and producing 46,000 tons per year of 
lead in concentrates, according to Asarco. 
The reserves were estimated at 13.6 million 
tons, grading 5.5% lead and 1.2% zinc in the 
company’s 1984 annual report. Output at 
the Leadville Mine in Colorado, formerly 
known as the Resurrection Mine, which 
Asarco operated under a 50%-owned joint 
venture, totaled 6,100 tons of lead in concen- 
trates. 
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SMELTER AND REFINERY PRODUCTION 


Primary.—In the fiscal year ending Octo- 
ber 31, the St. Joe smelter-refinery at Her- 
culaneum, MO, the Nation's largest, pro- 
duced 134,500 tons of refined lead, down 
35% from that of 1983 owing to the strike at 
its captive mines, according to St. Joe's 
parent, Fluor Corp., in its annual SEC 10-K 
Report. The plant was shut down from May 
18 to mid-September for lack of feedstocks. 
Sintering operations were restarted in mid- 
September, and smelting and refining oper- 
ations were resumed at the beginning of 
October at about one-half capacity. The 
second blast furnace was not restarted until 
after the December 9 mine strike settle- 
ment. According to AMAX's SEC 10-K Re- 
port, the AMAX-Homestake smelter- re- 
finery at Boss, MO, produced 104,650 tons of 
refined lead from Buick Mine concentrates, 
down 1946 from the record high set in 1983. 
The decline was attributed to a strike dur- 
ing the second half of the year. The plant 
continued to operate under salaried techni- 
cal and administrative personnel at 33% to 
75% of capacity, but was closed completely 
from November 10 to yearend to replenish 
feedstocks. 

Asarco reported that its three smelters, 
one each at East Helena, MT, El Paso, TX, 
and Glover, MO, produced 184,700 tons of 
lead bullion. That was only 3,300 tons less 
than that of 1983 despite two lengthy shut- 
down periods at the Glover facility, owing to 
a temporary shortage of feedstocks from 
March 4 to May 7, and a strike from Oc- 
tober 1 to mid-December. In the latter 
instance, the refinery was operated by sala- 
ried and supervisory personnel at about 
one-half capacity, processing stockpiled bul- 
lion. The El Paso and East Helena smelters, 
which processed purchased and custom toll 
concentrates from both foreign and domes- 
tic sources, shipped their bullion to Asarco's 
Omaha, NE, refinery where 101,240 tons of 
lead metal for domestic consumption was 
produced, 11,240 tons more than that of 
1983. Refinery production at Glover was 
down about 19% from that of 1983 to 74,200 
tons or about three-quarters of capacity, but 
the company's total refined lead production 
for domestic consumption was down only 
5,100 tons from that of 1983. The feedstocks 
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to the Glover smelter-refinery came primar- 
ily from Cominco-Dresser's Magmont Mine 
at Boss, MO, supplemented by some foreign 
concentrates. The overall toll and purchas- 
ed feed to El Paso and East Helena came 
primarily from Peru, Australia, and Cana- 
da, in order of significance. Feed purchased 
for domestic consumption, however, was 
mostly from Peru, where Asarco had direct 
interests or long-term relationships, and the 
El Mochito Mine in Honduras, operated by 
Rosario Resources Corp. a wholly owned 
subsidiary of AMAX. 

Secondary.—Permanent closure was an- 
nounced for two secondary smelter-refin- 
eries with a combined capacity of 62,000 
tons per year, and one plant with a capacity 
of 68,000 tons per year closed indefinitely in 
January owing to bankruptcy. Three other 
plants that closed indefinitely in 1983, total- 
ing an additional 69,000 tons of capacity, 
were not expected to reopen. Although the 
capacity of the secondary lead industry was 
about 1.1 million tons at the beginning of 
the year, it was less than 900,000 tons at 
yearend, the lowest level since the early 
1970’s. During the year, about 70 companies 
produced some form of secondary lead, but 
26 of those companies, operating 37 plants 
with capacities greater than 5,000 tons per 
year and ranging to 65,000 tons per year, 
produced about 99% of the reported second- 
ary lead total. In July, Bergsoe Metal Corp. 
sold its Seattle, WA, secondary smelter, 
refinery, and lead products complex to Sea- 
fab Metal Corp., which permanently closed 
the smelter and refinery. This closure re- 
duced the secondary lead production capaci- 
ty in the Pacific Northwest by over 50%. In 
April, Federated Metals Corp., a wholly 
owned subsidiary of Asarco, sold its second- 
ary lead solder plant in San Francisco, CA, 
to Frys Metals Inc.; and in May, RSR Corp., 
the Nation’s largest secondary lead produc- 
er, sold its 65,000-ton-per-year smelter- 
refinery at Dallas, TX, to Murmur Corp. 
under a divestiture ordered by the Federal 
Trade Commission. The plant in Texas did 
not come back on-stream during the year, 
however, owing to environmental cleanup 
and legal problems. The plant had been 
shut down by RSR since the end of Febru- 
ary. | 


CONSUMPTION AND USES 


The increase in reported domestic con- 
sumption of lead was the result of increased 


usage in virtually every end use except 
gasoline additives, radiation shielding, and 
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lead-based solder. The increase in the use of 
lead oxides in glass and ceramic products 
was attributed primarily to the growth 
market of television tubes, especially video 
display terminals for computers and word 
processors, which represent about 75% of 
the use of lead in the glass and ceramic 
sector. The first lead-foil and plastic- 
laminate underground power cable was in- 
stalled in the United States by U.S. and 
Japanese companies in a joint venture. 
Cross-linked polyethylene insulated cable, 
which had been increasingly used to replace 
lead for land cables, are proving to be 
relatively short lived, and lead was expected 
to regain a significant share of this end use 
category. 

According to Battery Council Internation- 
al, shipments of replacement automotive 
batteries, the largest single end use of lead, 
increased 5.8% to 59.33 million units, and 
shipments of original equipment automo- 
tive batteries increased almost 18% to 12.77 
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million units. These increases, together 
with over a 23% increase in the consump- 
tion of lead and lead oxides for the manufac- 
ture of industrial and traction batteries, 
resulted in the total battery sector in the 
United States increasing its consumption of 
lead by over 7%. The Bureau of Mines 
estimated consumption of lead for industri- 
al and traction batteries at 102,500 tons. 
The total use of lead in each automotive 
battery was estimated by the Bureau of 
Mines to have declined about 0.5 pound per 
unit from 1983 to an estimated 20.6 pounds 
per unit. However, markedly increased new 
car sales (especially larger ones) an 18% 
increase in lead-acid storage battery exports 
to just under 2.6 million units, and the high 
incidence of consumer replacements more 
than offset the loss in the average lead 
weight per unit. The use of lead for storage 
batteries in the United States reached a 
record high 72% of the total lead consumed 
for all products. 


STOCKS 


Refined soft lead stocks at domestic pri- 
mary refineries decreased almost 2096 be- 
cause of the supply disruptions at domestic 
mines, which resulted in curtailed oper- 
ations at the three Missouri smelter-re- 
fineries in addition to the strike at Asarco's 
Glover facility. However, concentrate feed- 
stocks on hand at yearend were nearly 
twice those at yearend 1988, owing to about 
a one-third increase in concentrate imports 
as the smelters replenished depleted feed- 
stocks in anticipation of more prolonged 
strikes than actually occurred. Bullion 
stocks remained about level, and stocks at 


U.S. secondary producers and consumers 
declined slightly. 

Stocks of lead and antimonial lead metal 
in the market economy countries reporting 
to the International Lead and Zinc Study 
Group (ILZSG) were approximately 430,000 
tons at yearend, about 8% of current total 
world annual demand, and 110,000 tons less 
than that at yearend 1983.2 The net decline 
of over 2096 was mostly the result of 131,000 
tons being withdrawn from LME ware- 
houses during 1984. At yearend, LME lead 
metal stocks were 41,000 tons, the lowest 
yearend level since 1979. 


PRICES 


The U.S. producer price quotations for 
lead opened 1984 in a range of 24 to 26 cents 
per pound, according to Metals Week, but at 
the end of the first week in January the 
quote increased to 24 to 28 cents. These 
quotations held through the first week of 
March, but then narrowed to 25 to 28 cents 
and remained at that level through mid- 
June. Most sales, however, were discounted 
around the low quotation as seasonal de- 
mand from the battery manufacturers ta- 
pered off. In mid-June, the quoted producer 
prices moved upward to 28 to 30 cents per 
pound in anticipation of possible strike- 
caused shortages during the impending bat- 
tery manufacturers’ buying season. The 


quoted range continued to rise gradually, 
reaching 30 to 34 cents during the first 
week of August, then declined gradually 
throughout the rest of the year, closing in 
the range of 20 to 23 cents per pound, 3 to 4 
cents lower than at the start of the year. 
The weighted average U.S. producer trans- 
actions price of 21.9 cents per pound during 
December was the lowest monthly price 
since September 1983 (21.7 cents), and that 
of 30.5 cents per pound in July 1984 was the 
highest since December 1981 (31.07 cents). 
The average producer transactions price 
reached 8.2 cents per pound above the LME 
average cash price during July 1984, a 
record-high spread since July 1979, from 
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which time U.S. prices have stayed consist- 
ently above the LME. However, the spread 
dropped to only 0.5 cent per pound by 
yearend, compared with 7.1 cents in Janu- 
ary. The average spread for the year of 5.4 
cents per pound made importation attrac- 
tive, even though most domestic sales were 
near the low end of the range. The total cost 
of shipping, duty, handling, and inland 
freight to U.S. destinations of imported pig 
lead was estimated to average 5 to 6 cents 
per pound, with ocean freight, duty, and 
insurance accounting for 3 to 3.5 cents. 

The quoted domestic prices for lead oxides 
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were based on the selling price for pig lead 
in a given period plus conversion charges. 
However, premium adjustments were also 
made by individual producers to reflect 
differences in manufacturing technique, 
freight considerations, quality  require- 
ments, and other factors. The average total 
premiums for 100-pound units in carload 
lots, f.o.b. plant, exclusive of container, 
were 13.1 cents per pound above the aver- 
age pig lead for litharge, and 15 cents above 
for red lead, according to shipment values 
reported to the Bureau of Mines. 


. FOREIGN TRADE 


Owing to the mine strikes in Missouri, 
exports of lead in concentrates decreased 
41% from the 1983 level, which had been 
the lowest level since lead concentrates 
were classified separately from mixed ores 
in 1978. Nearly all of the exports of concen- 
trates in 1984 went to Canada, which in 
turn supplied nearly 60% of the refined pig 
lead imported by the United States. Exports 
of pig metal and wrought lead products 
were the lowest since 1976. Taiwan was the 
major market for U.S. scrap exports in 1984. 
The lead content of exported scrap, which 
was recorded by gross weight, was estimat- 
ed to be 60%. The United States had net 
imports for consumption of lead in all 
forms, including scrap and drosses or other 
residues, of 142,600 tons compared with 
125,800 tons in 1983. Peru, a traditional 
supplier of concentrates to domestic produc- 
ers, supplied about two-thirds of that cate- 
gory, but receipts from the other traditional 
supplier, Honduras, were significantly be- 
low normal for the second straight year. 
About one-quarter of U.S. imports of refined 
pig lead came from Mexico, but those from 


Australia, in recent years the third leading 
source, declined by about one-third owing to 
lengthy strikes. Canada, Mexico, and Peru 
accounted for nearly 9096 of contained lead 
in all forms imported by the United States. 
Canada was the recipient of over one-third 
of the U.S. exports of lead in all forms. 

The 22% increase in total imports of lead 
chemicals and compounds was primarily 
attributed to about a one-third increase in 
the importation of chrome yellow used for 
highway markings and a one-third increase 
in lead salts compared with that of 1983. 
Mexico accounted for most of the U.S. 
imports of litharge and red lead, while 
Canada supplied 37% of all other cate- 
gories, including over 70% of the chrome 
yellow. The Federal Republic of Germany 
and the Netherlands supplied 42% of all the 
other categories. Peru accounted for most of 
the lead arsenate imported; China, most of 
the lead nitrate; and the Federal Republic 
of Germany, about 60% of the lead acetate. 
Canada, Mexico, and Peru supplied 83% of 
the total U.S. imports of lead chemicals and 
oxides. 


Table 2.—U.S. import duties for lead materials, January 1. 1984 


(Lead content) 
. Least developed 
Item A Most ghia developing Non-MFN 
l countries 
Ore 602.10 0.75 cent per pound Free! or current MFN 1.5 cents per pound. 
rate. 
Lead bullion ____ __ 624.02 3.5% ad valorem _ _ _ _ 3 «| RENE 10.5% ad valorem. 
Other unwrought _ _ _ 624.03 3.5% ad valorem? __ _ Current MFN rate only 10.0% ad valorem. 
Waste and scrap... 624.04 2.8% ad valorem Free! or 2.3% ad 11.5% ad valorem. 
valorem. 


Free if eligible under General System of Preferences. 


2Egtablished at 3.0% ad valorem (retroactive to July 1, 1983) but not to be less than 1.0625 cents per pound, on Oct. 30, 


1984, by Omnibus Trade Act. 
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WORLD REVIEW 


According to ILZSG statistics, consump- 
tion of refined soft lead and antimonial lead 
in the market economy nations was over 3.9 
million tons, compared with about 3.8 mil- 
lion tons in both 1983 and 1982 and about 
3.9 million tons in 1981. Estimated total 
world consumption of lead in all forms 
during 1984 increased significantly to 5.41 
million tons from 5.25 million tons in 1983, 
compared with 5.23 and 5.34 million tons in 
1982 and 1981, respectively. Estimated 1984 
total world refinery production, which 
excluded remelt scrap, increased marginal- 
ly compared with that of 1983, but world 
primary metal and mine production both 
decreased significantly, a result of the ma- 
jor supply disruptions in Australia, Moroc- 
co, Peru, and the United States. World 
secondary lead production, however, in- 
creased by over 100,000 tons, mostly in the 
United States, and was over 40% of the 
world's total refinery output. 

ILZSG, at its 29th annual session in 
Geneva, Switzerland, in October 1984, fore- 
cast lead consumption during 1985 to re- 
main stable in the fully industrialized coun- 
tries but to strengthen in some of the 
developing countries. Rises in both mine 
and metal production were anticipated, as- 
suming increased output in the United 
States and other countries in which it had 
been interrupted in 1984. Net metal exports 
to the centrally planned economy countries 
were about 100,000 tons during 1984 and 
were expected to remain at that level in 
1985. 

Australia.—Production at Broken Hill 
Associated Smelters Pty. Ltd.’s (BHAS) Port 
Pirie complex, Australia's only primary re- 
finery, was about the same as that of 1983 
despite planned increases. Production was 
less than planned because of strikes at 
BHAS's parent Australia Mining and 
Smelting Ltd.’s (AM&S) two mines at Bro- 
ken Hill New South Wales, and North 
Broken Hill Ltd.'s North Mine. These three 
mines represented over 40% of Australia's 
estimated lead mine capacity. The strikes 
began in late March and lasted 7 weeks, 
until mid-May. During that period, there 
were also strikes at Aberfoyle Ltd.’s Que 
River Mine, and EZ Industries Ltd.’s Read 
Rosebery Mine, in Tasmania. However, pro- 
duction at Mount Isa in Queensland was 
slightly more than the previous record high 
1983 total, and also increased at AM&S’s 


CSA Mine and EZ’s Elura Mine, in New 
South Wales. Overall, lead mine production 
was down only 7% and exceeded that of the 
United States for the second consecutive 
year. 

Output of secondary refined lead from the 
Port Pirie complex was considerably re- 
duced owing to the mine strikes idling the 
plant. The Government approved a 1982 
plan for BHAS to acquire a 50% interest in 
Simsmetal Pty. Ltd.’s 19,000-ton-per-year 
secondary smelters at Sydney and Mel- 
bourne. The joint venture reportedly should 
enable those two plants to achieve a produc- 
tion level more in line with their current 
capacities, and the diversion of secondary 
materials away from Port Pirie should al- 
low for an increase in primary feed process- 
ing at that location. BHAS also acquired an 
interest through investment in Thai Ping 
Industrial Co. Ltd.’s 25,000-ton-per-year sec- 
ondary plant at Tauliau, Kaohsiung, Tai- 
wan, during 1984. Consideration was being 
given to expanding that facility to 40,000 
tons per year when regional marketing 
conditions improve. 

Exports of lead concentrates increased, 
largely because of increased production at 
EZ's west coast Tasmania mines, Read Rose- 
bery and Hercules. Over 90% of Australia’s 
mine production, however, was processed to 
either bullion or refined lead. Exports of 
lead bullion increased by 26%, but exports 
of refined lead decreased by 18% compared 
with that of 1983. With over 147,000 tons of 
refined lead exported, however, Australia 
continued to be the world’s leader in that 
category. 

Although production increased at EZ’s 
new Elura Mine in New South Wales, which 
opened in early 1983, it only operated at 
about 75% of capacity during the first 
quarter of 1984 because of both labor and 
technical difficulties, but was close to design 
capacity for the rest of the year. Deep 
diamond drilling of the main ore body at the 
Woodlawn joint venture near Tarago, New 
South Wales, continued in order to deter- 
mine the feasibility of underground devel- 
opment. Open pit mining at the Woodlawn 
operation was expected to end in 1987. 
Woodlawn was owned one-third each by 
AM&S, St. Joe International Explorations 
Ltd., and Phelps Dodge Corp., but Phelps 
Dodge sold out to AM&S in October 1984. 

Development of the lower levels contin- 
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ued at the CSA Mine north of Cobar, New 
South Wales, to raise the capacity to about 
800,000 tons per year of ore in 1985. A 
consortium continued with exploration of 
the Woodcutters base metal deposit near 
Darwin, Northern Territory, for design of 
an open pit mine and treatment plant of 
about 140,000 tons per year of lead concen- 
trates that was expected to come on-stream 
in mid-1985. Aberfoyle, 47% owned by Co- 
minco of Canada, continued surface drilling 
at Hellyer, 2 miles north of its Que River 
Mine in Tasmania, and indicated 16.3 mil- 
lion tons of ore grading 18.2% combined 
lead and zinc and 3.9 troy ounces of silver 
per ton. Underground exploration was ex- 
pected to start in 1985. 

Mount Isa Mines Holdings Ltd. (MIM), in 
which Asarco had a 44% interest, reported- 
ly reduced its work force in 1984 by 16% at 
its Mount Isa, Townsville, and Brisbane 
facilities in Queensland while maintaining 
planned production levels. MIM's proper- 
ties represented about 35% of Australia's 
estimated lead mine production capacity 
and 39% of smelter capacity. MIM has no 
domestic refining capability and sells or 
exports the bullion produced. MIM’s future 
outlook was augmented considerably by 
new mineral discoveries. At the Hilton 
Mine, 12.5 miles north of Mount Isa, MIM 
was preparing a major silver-lead-zinc ore 
body for trial mining in 1986. Continued 
exploration in the Hilton Mine area dis- 
closed the existence of two additional, but 
apparently separate blocks, which have 
been named Hilton North and Hilton 
South. Ten mineralized zones were delineat- 
ed at Hilton North, which reportedly at 
least doubled MIM’s reserves in the general 
area. Exploration was to continue at Hilton 
South in 1985. 

Canada.—Production at the copper-lead- 
zinc MacLean Mine at Buchans, Newfound- 
land, operated by Asarco and owned by 
Abitibi-Price Inc., 51%, and Asarco, 49%, 
ceased permanently at the end of Septem- 
ber 1984 because of depletion of reserves. 
The mine originally opened in 1927 and in 
recent years had produced an average of 
about 7,000 tons of lead and 13,000 tons of 
zinc per year. At Brunswick Mining and 
Smelting Corp. Ltd.’s No. 12 Mine in New 
Brunswick, planned 5-year major modifica- 
tions were begun. Capacity to produce at 
the mine was about 90,000 tons of lead and 
260,000 tons of zinc per year. Heath Steele 
Mines Ltd., a wholly owned subsidiary of 
Noranda Mines Ltd. and its 25% partner 
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Asarco, indefinitely closed its underground 
Little River Mine near Newcastle, New 
Brunswick, on December 21. The mine had 
been on a care-and-maintenance basis since 
April 1983, but during 1984 some produc- 
tion was obtained from a new open pit on 
the property, which was to continue to be 
developed during 1985. 

An inclined exploration ramp was begun 
late in 1984 at a promising silver-zinc-lead 
discovery on the Yukon Territory and Brit- 
ish Columbia border. Called the Midway 
property, it was owned jointly by Regional 
Resources Ltd., 51%, and Canamax Re- 
sources Inc. and Procan Exploration Co., 
49%, and was estimated to contain 5 million 
tons of ore grading 18% combined lead and 
zinc. With the shutdown of Cyprus Anvil 
Mining Corp.'s Anvil Mine at Faro, Yukon 
Territory, in June 1982, lead production in 
the Yukon has come only from United Keno 
Hill Mines Ltd.’s Elsa Mine, an open pit- 
underground silver mine dating back. to 
1919. However, Cyprus Anvil continued a 2- 
year stripping program at Faro begun in 
June 1983 with financial assistance from 
the Federal and Yukon Territorial govern- 
ments, but on October 28, 1984, the compa- 
ny locked out the approximately 200 mine 
and mill workers. The contract between 
management and the United Steelworkers 
had expired on September 30, and was not 
renegotiated. According to the company, 
work was not to resume until management 
agrees to a long-term labor contract and 
obtains lower electricity and transportation 
rates from the Government, and until lead 
and zinc market prices improve. 

Cominco announced plans to modernize 
and expand its lead smelter, the largest in 
Canada, at Trail, British Columbia. The 
conventional sinter-blast furnace with a 
capacity of 120,000 tons per year would be 
replaced in two stages with state-of-the-art 
Kivcet furnaces with a total capacity of 
160,000 tons per year. The new autogenous, 
direct-smelting process, a Soviet design, 
would reportedly improve the competitive- 
ness of Trails lead and zinc operations 
significantly. The company was seeking 
Federal assistance of $60 million. Signifi- 
cant gains in productivity were achieved at 
Cominco's 69%-owned Pine Point Mines 
Ltd. on the south shore of Great Slave Lake, 
Northwest Territories, by a changeover to 
larger shovels and trucks at the open pit 
operation. All of the lead concentrate pro- 
duced there in 1984 was sold to Mitsubishi 
Cominco Smelting Co. Ltd. in Japan, which 
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was 45% owned by Cominco. On September 
20, Cominco announced that it was reducing 
its ownership of Pine Point Mines to 51% in 
January 1985. 

At Cominco's Sullivan Mine at Kimber- 
ley, British Columbia, a mine mechaniza- 
tion project was essentially complete by 


yearend with only final ramping to lower 


levels to be completed. In its 76th year of 
operation by Cominco, the mine achieved 
record-high ore production of 2.47 million 
tons through the use of new mobile, rubber- 
tired mining equipment. The Sullivan Mine 
was the principal supplier of zinc and lead 
concentrates to Cominco’s Trail metallurgi- 
cal complex. At the company's Polaris Mine 
on Little Cornwallis Island, Northwest Ter- 
ritories, the world’s most northerly metal 
mine, a continuous diamond drilling pro- 
gram increased the total measured and 
indicated ore reserves at that site by 3.1 
million tons, or 18%, and a new production 
area was opened up in the "South Keel 
Zone." 

To accelerate the development and appli- 
cation of new mining methods in Canada, a 
cost-sharing research and development cor- 
poration, HDRK Mining Research Ltd., was 
set up by four major Canadian mining 
companies: Inco Ltd., Falconbridge Ltd., 
Kidd Creek Mines Ltd., and Noranda 
Mines. 

Greece.—At Laurium, in Attica, the pri- 
mary lead smelter-refinery formerly owned 
by Compagnie Francaise des Mines du Lau- 
rium S.A.F., and which was nationalized 
and shut down early in 1982, was reopened 
in February 1984 after undergoing modern- 
ization, The new rated capacity of 20,000 
tons of lead per year was 10,000 tons per 
year less than the old plant, and the plant 
was operated by the Government's Hellenic 
Mining and Metallurgical Co. of Laurium 
S.A. 

Honduras.—AMAX’s wholly owned sub- 
sidiary, Rosario Resources, continued with 
investigations and planning for develop- 
ment work in 1985 at the El Mochito Mine 
in Santa Bárbara Department to raise its 
lead mine capacity by an additional 9,000 
tons per year to 30,000 tons per year of lead 
in concentrates. A new, high-speed, track- 
less mining system became operational in 
1984 as well as an increase in mill capacity 
to 2,800 tons of ore per day. By 1988, the 
mine and mill capacity was expected to 
reach about 900,000 tons of ore per year. 

Iran.—A new secondary lead smelter- 
refinery at Sorb Abad, near Tehran, with a 
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capacity of 15,000 tons per year, reportedly 
became operational in 1984. 
Mexico.—Development of two new under- 
ground mines, and a large-scale expansion 
at another, were expected to add an addi- 
tional 19,000 tons per year to Mexico's lead 
mine production capacity during 1985. An 
additional 2,000 tons per year of capacity 


was brought on-stream at another under- 


ground mine at Sombrerete, Zacatecas, in 
1984. Mexico's lead mine capacity at year- 
end was estimated to be about 208,000 tons 
per year. 

Morocco.—The 65,000-ton-per-year lead 
smelter-refinery at Oued el Heimer was 


shut down from January 1 until late Febru- 


ary because of a dispute over treatment 
terms with its prime feed source, the Touis- 
sit Mine, at Bujda. The shutdown created a 
temporary shortage of high-grade refined 
lead in Europe, principally Greece and It- 
aly, and the Moroccan Government had to 
arbitrate the dispute. Exports of Moroccan 
concentrates to Europe, mainly from the 
Djebel Aouam Mine in Meknes and the 
Zaida Mine at Khénifra, were suspended 
from mid-November 1983 through mid- 
February 1984 owing to a similar dispute 
with European smelters. The latter problem 
was reportedly created by the 20% deprecia- 
tion of the Moroccan dirham against the 
U.S. dollar. 

Peru.—The opening of a new primary 
smelter and refinery with a capacity of 
12,000 tons per year at Sayan, owned by 
Fundición de Concentrados S.A., was de- 
layed by about 1 year to secure additional 
financing, but was expected to open in late 
1985. 

From February 22, 1984, through early 
April, a force majeure was in effect on 
refined lead shipments from Empresa Min- 
era del Centro del Perüá's (Centromin) 
90,000-ton-per-year La Oroya smelter- 
refinery because of severe rainstorms and 
landslides, which blocked rail and road 
links. Force majeure was reinstituted in 
July reportedly because of a l-week strike 
and the destruction of a major rail bridge 
between La Oroya and the port of Callas by 
guerillas. The guerillas also reportedly 
attacked an ore train carrying feed and 
blew up three road bridges on the highway 
from the mining area of Ayacucho. 

Cía. Minera Milpo S.A. of Peru, Mitsu- 
bishi Metal Co., and Mitsubishi Corp. of 
Japan announced intentions to develop the 
San Hilarion zinc-lead-silver deposit. Milpo 
was to own and pay 65% of the costs. Lead 
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output was estimated to eventually reach 
20,000 tons per year. Centromin was ex- 
pected to add 9,000 tons per year of addi- 
tional mine capacity by 1986 through ex- 
pansion at two of its mines begun in 1984. 
Gran Bretaña SMRL doubled the capacity 
of its Contonga Mine to 4,000 tons per year 
of lead. Peru's lead mine capacity at year- 
end was estimated to be about 205,000 tons 
per year. 

Spain.—Two new zinc-lead mines under 
consideration and a third existing mine 
undergoing expansion were expected to add 
an additional 17,000 tons per year of capaci- 
ty by 1986 or 1987. An expansion of a new 
mine by 2,000 tons per year to 5,000 tons per 
year was completed in 1984 at Sortiel, near 
Huelva, and a new replacement secondary 
smelter-refinery with a capacity of 18,000 
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tons per year was opened late in the year at 
San Esteban de Gormaz, Soria. Total esti- 
mated lead mine capacity at yearend was 
about 92,500 tons per year. 

Yugoslavia.—Two mine projects, totaling 
8,000 tons per year additional lead capacity, 
were completed; one was a new open pit, 
and the other, an underground expansion. 
Investigation continued at another new 
mine with an estimated eventual lead ca- 
pacity of about 19,000 tons per year. That 
mine, when producing, will become part of 
the RMPK  Zletovo-Sasa enterprise of 
Makedonska Kamenica, near Delcevo, in 
Macedonia. Total estimated lead mine ca- 
pacity at the end of 1984 was about 130,000 
tons per year, the largest in Europe outside 
of the U.S.S.R. 


TECHNOLOGY 


The Lead Industries Association Inc. 
(LIA) introduced a prototype heavy-duty, 
multipurpose, lead-acid-battery-powered 
yard tractor for handling trailers and ship- 
ping containers at a major industrial ma- 
rine terminal in New Jersey. The market 
potential for dockside applications was the 
estimated 40,000 to 60,000 diesel-powered 
tractors presently performing this function 
at container terminals and warehouse yards 
throughout North America. The demonstra- 
tion prototype vehicle was designed to func- 
tion identically to the diesel-powered ones 
in service, and have identical external di- 
mensions. Powered by two 1,400-ampere- 
per-hour lead-acid batteries, the unloaded 
tractor reportedly could attain a speed of 22 
miles per hour, and with a 25-ton load go up 
a 2% grade at 14 miles per hour. The final 
drive is by twin 40-horsepower electric mo- 
tors. Preliminary data indicated that a 70% 
savings in fuel costs was attained, based on 
electricity costs of 8 cents per kilowatt hour, 
and diesel fuel costs of 99 cents per gallon. 
The tractor contained about 4 tons of lead 
in its nearly 6 tons of batteries. Other 
performance features were elimination of 
exhaust fumes, no heat buildup, and quiet 
operation.‘ 

Throughout the year, LIA’s electromotive 
programs also focused on expanding exist- 
ing markets such as forklift trucks, under- 
ground mining equipment, and airport 
ground support equipment (GSE) such as 
pushout tractors and baggage tugs. In the 
latter case, since 1981, approximately 20 
major U.S. air carriers have converted at 
least part of their GSE fleets from gasoline 


and diesel power to battery units. The 
largest user of these, Eastern Airlines, re- 
portedly realized reductions of almost 90% 
in operating costs and about 70% in mainte- 
nance costs, using battery-powered jumbo 
aircraft pushout tractors. According to LIA 
surveys, at the end of 1982, battery power 
had penetrated the market about 1095, and 
by 1984, about 14%. The major airlines 
consulted estimated that by the end of the 
century up to 90% of their applicable GSE 
could be battery powered, including convey- 
or belt loaders, cabin service vehicles, and 
miscellaneous maintenance vehicles. In ad- 
dition, research was begun by LIA to profile 
the potential market for battery-powered 
GSE among the Nation's several thousand 
fixed-base operators, freight carriers, mili- 
tary installations, and smaller regional 
airlines.5 

Performance testing and environmental 
monitoring of LIA's lead-in-asphalt pave- 
ment demonstrations in Ontario, Canada, 
and New Jersey continued during the year. 
Sampling at regular intervals indicated 
that the lead-stabilized asphalts at each site 
were standing up considerably better than 
the control pavements that did not contain 
lead, and there was no indication of lead 
migrating out of the organo-compounds. 
Also, a 1-mile demonstration strip was con- 
structed in a Missouri highway in coopera- 
tion with St. Joe.* Research on assessing the 
effects of organo-lead antioxidant com- 
pounds upon the weathering durability of 
roofing asphalts was also performed during 
the year by Manville Service Corp. spon- 
sored by the International Lead-Zinc Re- 
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search Organization.“ Less spectacular ini- 
tial results were achieved with lead diamyl- 
dithiocarbamate than were evident with the 
pavement tests, but it was generally believ- 
ed that significant life extensions could be 
eventually achieved with further research. 
A comprehensive coverage of lead-related 
investigations and an extensive review of 
current world literature on the extraction 
and uses of lead and its products were 
published in quarterly issues of Lead Ab- 
stracts, Lead Development Association, 
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London, the United Kingdom. 


Physical scientist, Division of Nonferrous Metals. 

Anternational Lead and Zinc Study Group (London). 
Lead and Zinc Statistics. ILZSG Monthly Bull., v. 25, No. 8, 
Aug. 1985, pp. 16-18. 

Work cited in footnote 2. 
poc Industries Association Inc. 1984 Annual Report. 

5Work cited in footnote 4. 

Work cited in footnote 4. 

TSuhaka, S. C., and R. C. Hines. Lead Compounds as 
Stabilizers for Roofing Asphalts. Paper in Proceedings of 
Lead Industries Association Inc. 56th Annual Meeting. 
Denver, CO, Apr. 2-4, 1984, pp. 17-22. 


Table 3.—Mine production of recoverable lead in the United States, by State 


(Metric tons) 
State 1980 1981 1982 1983 1984 
Alaska cunc uu coi ecc Lee iesu 31 W W W ae 
„ ead meii iis 162 993 359 1155 W 
California -_—--------------———-— W W W W W 
Colorado |. ꝑ 10,272 11,431 W W 
G. ee BO et 38,607 38,397 W 125,893 W 
aß! ceo rentem W W W W 
Mell 88 497,170 389,721 474, 460 409, 280 278, 329 
Montannõ ak 1 661 1,16 W 
Nevada ͤKy ĩͤ . 26 W W 1 W 
New Mexiko m W W 258 A 
New York cnc 2.442 4042525044 876 968 1,065 1,299 
e ly a ea ees es me W m W m 
Tennessee mes mS ANE "e W 
|| cee A oa ͤ ů om. 8 W 1.662 W "m W 
Virginia es aem Eee A 1,563 1,607 2a 8 E 
Washington ------------------- W o W E e 
Total PFF 550,366 445,535 512,516 1449, 216 321,897 
Revised. W Withheld to avoid disclosing company proprietary data; included in "Total." | 
Table 4.—Mine production of recoverable lead in the United States, by month 
(Metric tons) 
Month 19837 1984 
CJJC777777%’²˙⁵iß . en iud cM eta 44,873 41.900 
C ⅛ ̊ ⁵ꝝ⁰̃¼. yd yſdddſ yy ß y y EL 39,579 42,735 
ITI ³Aw.wwwuu ³⅛WA ³ðA y M ee i. 37,480 46, 338 
!! ns EMEN SUPERO d NES 36,726 20,923 
A Ec Noc Le LL ⁵ dy (yd ⁰⁰⁰⁰yßm x 88 35, 876 24,076 
PII MOM c-—-—-—u-—-—^-—— -m a a a 28,356 12,251 
July Us unam onc. ͤhdßdduꝙꝗddddddddzdſ..... LR 35,345 24,176 
»; ⅛²Ü]Ü5 ð - ͥ ⁰ mk Ku 43, 236 23,531 
September ³¹ dd en ete (Re a eat Ou ⁵ĩðZjſddddĩæ ⅛ o—ͤ . y 8 37,357 18,619 
/ m ꝓAꝓↄ⁊ↄær LA y ⁰⁰ ieee te DET 37,119 22,409 
%%% ⁵ (fſ(ſé¼¼ sei exci e uhr sii te es ee een 38,326 19,528 
December: t 2.4 uo nuc ow cu ! ica y 8 34,943 25,411 
))/õĩ·Ü¹..w ⁰A—0AGuU˖ . ß Ad SOO 8 449,216 321,897 
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Table 5.—Production of lead and zinc, in terms of of recoverable metal, in the United 


States in 1984, by State 
(Metric tons) 
Lead ore Zinc ore Lead-zinc ore 
State Gross Gross Gross 
“Gy Lead ine "dy. Lead Zinc Tay. Lead ine 
basis) basis) basis) 
Arizona W W Doc a im -— "E PT mt c 
California e NT NK x a avs £ 
Colorado uM E m M e E W W W 
Idaho W W £i E oe MN . 3 e 
Illinois on "M n 2a C mo. 8 T i 
Kentucky ..... Er Pas em W a W E as HON 
issouri 4,748,910 278,329 45,458 E e E e. Ent m 
Montana ace a 2x one Yee x ae " MN 
Nevada aes ur "HH Ta uu E E so ae 
New Jersey ___- me — T W S W TS a a 
New York _____ E Lx M W W W aS " EN 
Tennesse oL. ths dies W W W UN S A 
tah -.----—- T o. PE W W W m = ld 
Total 4,148,960 278,407 45,458 5,186,887 1991 185,827 (!) ($) (5 
Percent of total 
lead or zinc ~ XX — 86 ^X^ 18 ^. — XX —. 1 , 74 » XX .— «(0D  — (0 
Copper-lead, copper-zinc, | 
55 a All other sources? Total 
cross ures a 
weight ; weight weight ; 
basis) basis) basis) 
Arizona. _—---- ao ON "E W W us W W Pp 
California PED es mH W W es W W E 
Colorado ere ue S W W W W W W 
Idaho .......- 8 "m Ri W W W W W w 
Illinois a ve ae (3) W W (3) W W 
Kentucky 7 Ta D" EN ium -— e W m W 
issouri ______ um TM Am "M E A 4,478,910 278,329 45,458 
Montana ton es TN W W men W W Er. 
Nevada NS EE o W W di. W W cd 
New Jersey ____ ES E ESRB 8 PN nen W = W 
New Vork oe A E ee Ti W W W 
Tennessee W NE WwW E x EN. 6,071,125 W  *116,526 
Uta e sais e E 1 5 e 
otal (1) 252 (1) 27,233,011 41,499 21.484 37,168,858 321,897 5252, 768 
Percent of total 
lead or zinc _ XX NS (1) XX 13 8 XX 100 100 


W Withheld to avoid disclosing company proprietary data; included in "Total." XX Not applicable. 

Included with “All other sources" to avoid disclosing company proprietary data. 

2Includes lead and zinc recovered from lead-zinc ore in Colorado and zinc recovered from copper-zinc ore in Tennessee 
in order to avoid disclosing company proprietary data. Also includes lead and zinc recovered from copper, gold, silver, and 
fluorspar ores and from mill tailings and miscellaneous cleanups. 

3Excludes tonnages of fluorspar from which lead and zinc were recovered as byproducts. 

“Includes items in Tennessee withheld to avoid disclosing company proprietary data. 

5Zinc recovered from classes of ore does not add to total shown because of independent rounding. 
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Table 6.—Twenty-five leading lead-producing mines in the United States in 1984, 
in order of output 


Rank Mine County and State Operator Source of lead 
1 Buick «Lm Iron, Wu AMAX Lead Co. of Missouri Lead ore. 
2 Magmont _______- dO Loc nes Cominco American Incorporated _ Do. 
3 Fletcher Reynolds, MO W—0ñ St. Joe Lead Coo Do. 
4 Viburnum No. 29 Washington, MO. 7%; 88 Do. 
5 Lucky Friday _ - Shoshone, ID _ ~~~ ~~ Hecla Mining Coo Silver ore. 
6 Viburnum No. 28 Iron, Wu St. Joe Lead Coo Lead ore. 
7 Viburnum No. 35 cL lO ete: ----do---- mon HERE Do. 
8 Brushy Creek Re ynolds, MO ....- %% LIT uc Do. - 
9 Leadville unit e, F AS ARCO Incorporated d Lead - zinc ore. 
10 Sunny side San Juan, CO Standard Metals Cord Gold ore. 
11 Balmat . St. Lawrence, N St. Joe Lead Coo Zinc ore. 
12 Black fine Granite, MT _____-— Black Pine Mining Co Silver ore. 
13 Bulldog Mountain Mineral, Co Homestake Mining Co Do. 
14 Clayton Custer, ID... Clayton Silver Mines Do. 
15 Troy unit Lincoln, M. ASARCO Incorporated |... _ — — — Do. 
16 Rosiclare Hardin and Pope, IL. Ozark-Mahoning Co Fluorspar. 
17 Sherman Tunnel Lake, CO Hecla Mining o Lead ore. 
(Leadville unit). 
18 Bachelor Ouray, C CO Camp Bird Colorado Ine Silver ore. 
19 Ray. A SS Pinal, A2 Kenne cott „ Copper ore. 
20 Pierrepontt - St. Lawrence, NX St. Joe ihe da Co sanana Zinc ore. 
21 Star unit Shoshone, ID |... CSC Mining Coo Lead ore. 
22 Tiger „ Pinal, AZ 111 McFarland ^: Hullinge ----— ee ve 
tailings. 
23 Red Cloud - -- ----- La Paz, AZ Red Cloud Mining Ltd ------- Silver ore. 
24 Comet Beaverhead, M Concorde Mines Ltd Gold-silver 
ore. 
25 Franklin — Clear Creek, CO Consolidated Mines Inc... Gold ore. 
Table 7.—Refined lead produced at primary refineries in the United States, 
by source material 
(Metric tons unless otherwise specified) 
Source material 1980 1981 1982 1983 1984 
Refined lead: 
From primary sources: 
Domestic ores and base bullio nnn 508,163 440,238 459,865 459,328 330,168 
Foreign ores and base bullionns-m·-çæœwœçvꝓV 39,427 55,085 52,295 55,227 65,409 
Tol sos x ]« ⁵ ⁵ð cut h e ee 547,590 495,323 512,160 514,555 395,577 
From secondary sourfe ss 2,117 1,745 657 648 1,023 
Get m ERES 549,707 497,068 512,817 515,203 396,600 
Calculated value of primary refined lead? |... thousands__  . $512,590 $398,908 $288,377 $245,938 $222,821 


1Value based on average quoted price and excludes value of refined lead produced from scrap at primary refineries. 


Table 8.—Stocks and consumption of new and old lead scrap in the United States in 1984, 


by type of scrap 
(Metric tons, gross weight) 
TN Consumption SER 
Type of scrap Jan. 1 Receipts New Old Total Dos 31 
Scrap scrap i 
Smelters, refiners, others: 

Soft ese oe 1.477 31.276 T 31,305 31,305 1,448 
Hard led 2,004 19,124 "o 19,506 19,506 1,622 
Cable lead. ___§______________ 1,924 12,705 non 13,379 13,379 1,250 
Battery-lead plates 42,411 596,790 ae 609,434 609,434 29,767 
Mixed common babbitt __ ________ 130 1,956 ae 1,801 1,801 285 
Solder and tinny lead___________ 997 17,105 E 15,993 15,993 2,109 
Type metals ________________ 991 4,181 = 4,270 4,270 502 
Drosses and residues 5,706 66,017 63,917 ae 63, 917 7,806 
Total neci pesetas ee 55,240 149,154 63,917 695,688 159,605 44,189 


Includes remelt lead from cable sheathing plus other soft lead scrap processing. 
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Table 9.—Secondary metal recovered! from lead and tin scrap in the United States 
in 1984 


(Metric tons) 


Lead Tin Antimony Other Total 
Refined pig lead- |. | 221,681 Eh E DES 221,681 
Remeltlead -—-_---------------- 15,502 PM es EUM 15,502 
JC 243.183 ET gu —— 243,183 
Refined pig tin EP 1,097 T TN 1,097 
Remelt ti ES 10 s Te 10 
Total 15.5 fa he ec e se Les 1,107 xd EN 1,107 
Lead and tin alloys: 
Antimonial led 297,430 894 11,153 685 310,162 
Lead-base babb it!! 1,481 123 162 = 1,766 
S..... ³ðVL ig 18,102 3,653 178 5 21,938 
Type metals ________________ _ 2,312 142 329 4 2,787 
Other alloys including cable lead _ _ _ _ 5,068 51 29 2 5,150 
Tóta ane m . a 324,393 4,863 11,851 696 341,803 
Tin content of chemical products aoe = 2 301 i ore 301 
Grand total. 5367,58 6,271 11.851 696 586394 


! Most of the figures herein represent actual reported recovery of metal from scrap. 


Table 10.—Secondary lead recovered in the United States 


(Metric tons unless otherwise specified) 


1980 1981 1982 1983 1984 
As metal: 
At primary pl ene du 2,117 1,745 657 648 1,023 
At other plants 2.2 25.2) Lm Rmus 8 313,061 280,409 239,819 188,954 242,160 
Total s senna n en Ra E er 315,178 282,154 240,476 189,602 243,183 
In antimonial lead: 
At primary plants „ 3 46 34 m ae 
At other plantttt LLL 306,683 304,330 284,333 271,688 297,430 
Total m———————— —————— 306,686 304,376 284,367 271,688 297,430 
mene ð—-A ⁰m dite ee 53,714 54,575 46,433 42, 261 42,140 
Grand total: 
A s cuu ²mm K Lee LOC ALL: 675,578 641,105 571,276 503,501 582,753 
Value asd estes as thousands. . $632,397 $516,313 $321,663 $240,655 $328,253 


! Value based on average quoted price of common lead. 
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Table 11.—Lead recovered from scrap processed in.the United States, by kind of scrap 


and form of recovery 
(Metric tons) 
1983 1984 
KIND OF SCRAP 
New scrap 
ß) ²T⅛!M t ³¹—¹d . dy 48,534 2 
CODBDer-DasB o5 ocn ͥ mt d dd AL ELE dee E E 2,981 3,218 
II ca Nn a Lido ⁰ͥ⁰⁰⁰ͥdv d EA An 
J» ß ̃ œ TT.... ĩ⅛ .. K 8 51,523 41,625 
Old scrap: 
Battery-lead eee . 371,540 443,119 
All other lead-basssssgdggddʒddʒͥuk «„ 69,469 19,945 
Copper-base _____________-.---------~------ OP ĩͤ Duthie eres eae 10,969 12,064 
Il ³ ⁵ 8 um —— 
Total e cm hh. ⅛ ͤ y adu a e Ed EL e. 451,978 535,128 
Grand total 22.222. 2262 A LOU I e LS 503,501 582,158 
FORM OF RECOVERY 
As soft lead: 
At primary plans 2.6.03 2 coe ee eee eee eee ee MV Eu uc eee 648 1,023 
ALOCher hßGꝙ ³ enema uc Num aum ai eet eL E Er 188,954 242,160 
PP RE ge ³o i ³ RUE a EAE 189,602 243,183 
In antimonial lead. __ ___§______~_-~_~_-~__-~_- 444 „«4„4 271,638 297,430 
In other lead alloy: ous ⅛ĩ˙à m see d eu eei bce 21,118 26,193 
In copper-base alloys hh o AA 15.075 15.342 
In tin- %%%!!! CERE „5 8 5 
Toten s lc A ͥͥͥͥͥ ⁰¹¹ uUa ] .ãA;. 8 313,899 339,570 
Grand total 3.2.2.3 Se = = = = = = = — = = = — ðV5W. 8 mos sue 503,501 582,753 
Table 12.—U.S. consumption of lead, by product 
(Metric tons) 
SUM ^ Product | 1983 1984 
Metal products: | 
3482 Ammunition: Shot and bullets ss 43,697 41,828 
Bearing metals: i 
35 Machinery ne electrical! — P 1,283 894 
36 Electrical and electronic equipmenttt 141 254 
371 Motor vehicles and equipment 2,808 2,898 
37 Other transportation equipment 1,612 631 
Total bearing metallisss ~~. Le 5,844 4,677 
3351 Brass and bronze: Billets and in gots 10,980 6,954 
36 Cable covering: Power and communication .. 10,505 12,270 
15 Calking lead: Building construction 3,572 3,966 
Casting metals: | 
36 Electrical machinery and equipment 1,271 1,649 
371 Motor vehicles and equipment. ~- - -- -------------—- 690 762 
37 Other transportation and equipment 5,638 7,913 
3443 Nuclear radiation shielding -------------------—- 8,640 5,480 
Total casting metalsss 16,245 | 15,804 
Pipes, traps, other extruded products: 
15 uilding constructio[nnnnnnn -__-__-_ 12,771 11,871 
3443 Storage tanks, process vessels, etc 245 2,287 
Total pipes, traps, other extruded products |... 13,016 13,658 
Sheet lead: 
15 Building construcetions _ Le 10,939 13,377 
3443 Storage tanks, process vessels, etce „ 130 160 
3693 Medical radiation shielding ______________..-____ 3,176 1,128 


Total sheet led 14,245 14,665 
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Table 12.—U.S. consumption of lead, by product —Continued 


(Metric tons) 
Ra Product 1983 1984 
Solder: 
15 Building construction 1,554 6,543 
341 Metal cans and shipping containers 5,141 3,275 
367 Electronic components and accessories 5,674 5,361 
36 Other electrical machinery and equipment 2.433 2.226 
371 Motor vehicles and equipment 7,688 7,036 
Total solder ___ ___________________------ 28,490 24,441 
Storage batteries: 
3691 Storage battery grids, post, etee „ 382,336 426,300 
3691 Storage battery oxides. s. B 424,563 439,242 
Total storage batteries! 806,899 865,542 
. 87l Terne metal: Motor vehicles and equipment FFF 5,057 6,074 
27 Type metal: Printing and allied industries 2.540 2,162 
34 | Other metal product 1,869 8,284 
Total metal produets s 968,959 1,026,325 
j Other oxides: 
285 I ˙¹¹¹—¹ä ͥ ͥ ͤÜ¹itii—öf ̃² S a 15,441 17,360 
32 7 Glass and ceramic products - _________________-___ 39,671 46,102 
28 Other pigments and chemicals 13,582 13,346 
Total other oxides. __________________u-L_e 68,694 76,808 
2911 Gasoline additives... - ----------------------—- 89,118 18,933 
Miscellaneous uses _____ __________________ Le 21,716 24,967 
Grand total oue coser te e eget Dt — 11484871 1201,093 


! Includes lead consumed in foil, collapsible tubes, annealing, galvanizing, plating, and fishing weights. 


Table 13.—U.S. consumption of lead, by month! 


(Metric tons) 

Month: . 1983 1984 
Ü CRISE ²³ꝛ¹1 wu EPOR d £0 ie DENS 91,521 124,906 
Frust ee ee Se m %; ĩ ͤ 8 73,950 99,484 
Mekkkckgeeee eye ed otv ea eh uar A vy 83,139 - 103,905 
))))CͥõͤõͤõͤĩõĩõĩͤĩÜͤö ↄpZʒßßf ę ] ] ⁰ y. wr y ea iens CINE 85,852 93,737 

ec ROM C ae ͤ ² d ene ENDE 2 tts ene eee 83,778 90,63 

//] f Lg ͥ aE t tmr e RUE rd ALI DU AE AT EE 96,251 101,693 

JJ!!! ca DL E RI M D ML 19,266 1 
AUBUBL Uc teeta ᷣ Bgl ac tere ys 8 102,620 103,202 
September. ũ rupe uL ED Cua e yy e EE E 115,663 102,068 
/// ee ER UTE RIS C m:o⁊ ⁊ðͤ v e E a ara a . 112,266 111,290 
%õê he AAA dudes ³ꝛÜ¹- - n.. e ue ted 102,747 96,948 
December FFF J K 121,434 95,057 
õöÜ%1t ⁵ꝛi˙( f d ⅛ . i eee, 1,148,487 1,207,033 


! Monthly totals include monthly reported consumption plus the prorated monthly distribution for companies that 
report on an annual basis only. 


Includes lead that went directly from scrap to fabricated products and lead contained in leaded zinc oxide. 
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Table 14.—U.S. consumption of lead in 1984, by State 


(Metric tons) 
Lead in Lead in 
Refined ^ Lead in 
State antimonial copper- Total 
soft lead alloys base scrap 

Gaffel eee aS 51,867 37.064 7,460 814 96,705 
Colorado aee 5 965 ees 1,836 
Connecticut _-.._-_____. «4 5,744 1,149 s 481 18,974 
District of Columbia _....._..----- - 3 es dg E . 13 
Florida cc os eet a a mn ae 15,500 9,192 2,894 ae 27,586 
Goorn a o n es 25,291 7,048 5,215 - 37,549 
hh. ee tees ,256 34,391 3.510 897 66,054 
/ ³ðV ;ͤł—ĩ— Tin hu 217.176 31.816 10,862 872 260,726 . 
Kansas . mue 11,651 à 4,449 es 23,000 
iii! 8 12,190 9,838 2,364 Sa 24,392 
e ß 712 == TOM 792 
Massachusetts 1,163 148 18 62 1,441 
Michigen””nnsd 2l - 18,629 11,492 84 NUM 25,205 
Missouri ____.~_.______.____---~ 11,019 : PN ays 28,605 
Nebraska 4 559 837 1,405 
New qere 56,030 215 596 204 59,045 
New or!!! eue 11,766 5,623 2,677 20,089 
ONG! oa ee 88 17,821 12,205 4,544 239 34,309 
Pennsylvania _------------------- j 44,915 18,852 1,537 163,993 
Rhode Island. - - d é 2,179 41 11 "n 2,231 
Tennesse 1.018 1.745 1.214 162 4,189 
Virginia and West Virginia 676 359 702 = 787 
Washington 12,223 631 108 . 12.957 
Wisconsiing 22-2 1.058 3,086 | 78 4,249 
Alabama and Mississipp1i1¹⁊mAil - 7,476 3,796 2,072 2,354 15,698 
Arkansas and Oklahoma _______.__-~- 1,955 ies 257 
Hawaii and Oregon- - - -----------—-- 6,040 8,663 501 us 15,204 
Iowa and Minnesotkaaaaa 13,918 18,175 4,881 en 36,974 
Louisiana and Texas _ -—_—---—-------—--—- 109,470 21,821 8,835 T 135,126 
Montana and Idaho... - 69 n ES aie 69 
New Hampshire, Maine, Vermont, Delaware 12,867 14,619 oe 18 27,504 
North Carolina and South Carolina 38,379 24,396 3,650 ste 66,425 
Utah, Nevada, Arizona.. l a A 1,244 s 1,244 

SM 2 dm aki meque a 784,682 829,886 84,437 8,078 1,207,088 

1Includes lead that went directly from scrap to fabricated products and lead contained in leaded zinc oxide. 
Table 15.—U.S. consumption of lead in 1984, by class of product 
(Metric tons) 
Lead in : Lead in 
Product Soft lead antimonial pres 85 copper- Total! 
lead ys base scrap 

Metal products - - - --------------—- 79,166 54,056 23,676 3,884 160,783 
Storage batteries 530,835 211,305 51,402 estas 865,542 
Other oxideeaadss ~~_____ 76,808 2 ies ics 76,808 
Gasoline additives 78,933 ee ae os ds 78,933 
Miscellaneous _ 21,494 1,067 2,406 A 24,961 


ii! 88 181,236 332,428 83,484 3,884 1,201,033 


1Data may not add to totals shown because of independent rounding. 
Includes lead that went directly from scrap to fabricated products and lead contained in leaded zinc oxide. 
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Table 16.—Production and shipments of lead pigments! and oxides in the United States 


1983 1984 
Pro- Shipments Pro- Shipments 
Product duction . duction — — 
(metric etric 2 (metric etric 2 
iong) tons Value tona) tons Value 
White lead, dry .. ----------—- 1,051 71,077 $1,407,994 1,205 1,225 $1,534,515 
Red lead |. ........-.----- 15,042 714,897 11,829,368 11,629 11,236 10,046,120 
Litharge _____________-_-~- 759,920 156,540 143,200, 436 60,139 56,898 48, 468, 634 
Leady oxide r 446, 909 p ae 462,329 x: a 


r Revised. 
1Excludes basic lead sulfate; withheld to avoid disclosing company proprietary data. 
2At plant, exclusive of container. 


Table 17.—Lead content of lead pigments: 
and oxides produced by domestic 


manufacturers 
(Metric tons) 
Lead in pigments 
Product from pig lead 
1983 1984 

White lead ________________ 841 964 
Red lead__-____~____________ 13,688 10,582 
Litharge.._____-__---~----- 155,726 55,929 
Leady oxide "424,563 439,213 
/// ³·˙ itae "494,818 506, 688 

"Revised. 
!Excludes basic lead sulfate; withheld to avoid disclosing 

company proprietary data. 


Table 18.— Distribution of red lead shipments in the United States, by industry 


(Metric tons) 
Industry 1980 1981 1982 1983 1984 
PBIBU uoc Uc Lu VIC cuti LI ( 8 3,241 3,172 2,895 2,533 2,384 
0000 hdd yd et ee 2.597 2,307 W W W 
Storage batterinssesddssss „ 6,068 7,573 W W oW 
Other ꝛ˙²ð5 ½ M MR tea eee ele erase 995 2,025 11,274 712,364 8,852 
J e a CLIE e 12,901 15,077 13,669 714,897 11,236 
"Revised. W Withheld to avoid disclosing company proprietary data; included with Other.“ 
Table 19.—Distribution of litharge shipments in the United States, by industry 
(Metric tons) 
Industry 1980 1981 1982 1983 1984 
Ceramics nuuc ee 88 36,560 34,732 30,980 136,782 37,960 
Chrome pigments ds 3,015 4,247 6,591 15,973 4,367 
Oil refining ~- ggg 170 227 W W W 
x | x cio os ⁵⁰Ü⁰•ͥAA 3,362 3,765 3,052 3,256 3,635 
Rübe ꝛ A mei ce ete 943 1,107 787 933 1,016 
Other nts oe hs my mk m.! 8 184 3,063 10,267 9,596 9,920 
E111 ³˙Üw. ee tae 44,834 41,141 51,677 156,540 56,898 


"Revised. W Withheld to avoid disclosing company proprietary data; included with "Other." 


582 MINERALS YEARBOOK, 1984 


Table 20.—U.S. imports for consumption of lead pigments and compounds, 


by kind 
1983 1984 
Kind Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 
White lead ___________-___---- 332 $300 442 $524 
Red lead. - ------------------- 843 461 l 923 553 
Lit herne x 11.528 5,149 12,726 6,314 
Chrome yellow_ - -------------—-- 1,754 3,275 2,322 4,223 
Other lead pigmenss 215 1.059 342 1.189 
Other lead compounds 3 995 1.200 2, 326 2.219 


FTT 15.667 11,444 19,081 15,022 


Table 21.—Stocks of lead at primary smelters and refineries in the United States, 


December 31 
(Metric tons) 
Stocks 1980 1981 1982 1983 1984 
Refined pig lea MERECE 54,128 78,836 73,455 58.267 47,696 
Lead in antimonial led 122 666 W W W 
Lead-base bullion . 222222222 5,398 4,872 4,252 5,557 5,8317 
Lead in ore and matte ome 65,746 55,833 47,830 42,837 81,546 
OCG or ecu Len wr et ay rest 125,994 140,207 125,537 106,661 135,079 


W Withheld to avoid disclosing company proprietary data. 


Table 22.—Stocks of lead at consumers and secondary smelters in the United States, 
December 31 


(Metric tons, lead content) 


Lead in ; Lead in 
Refined : : Lead in 
Year soft lead paie m alloys 6 Total 
. .-. cias Ei n he 12,601 44,820 7,851 942 126,214 
öXÜö70ꝙʃ ⁰ ꝛ 69,636 46,194 6,523 863 123,216 
. ³⁰· a re ee e e E 51,036 40,118 5,346 109 
e SHORE CORSI a a a HERE 51,881 37,159 5,085 646 100,771 
J.. NT 53,797 37,015 5,326 934 97,072 


Table 23.—Average monthly and annual quoted prices of lead! 


(Cents per pound) 
1983 1984 
Month U S : London l U S London | 
ate Metal n Metal 

producer Exchange producer Exchange 
r tL EI a te 22.08 21.54 25.12 18.01 
February wih. te LA AL t M e Le 21.12 20.61 24.07 18.33 
Ph. ll e coru o edu 8 20.71 20.09 25.03 20.82 
( ³Üwm y LEM EU T e 21.17 20.74 26.43 21.83 

Ba aaa Ba 8 20.22 19.63 25.37 

JUD. eoe c eU c eU QAUM Li MALE 19.41 18.49 28.16 21.95 
J!ö·Üĩ5ö1%(!ĩ1ñ mf ms cena Li E eee 19.32 18.27 30.51 22.37 
AUEHUBL õÄ;ð'L ! d ¼5mwͤ2 n k Ne, dE 19.46 18.04 28.24 21.18 
September ) ³o· n ⁰⁰t 88 21.69 18.34 24.18 18.20 
ce tA ONG 88 25.38 19.00 22.33 18.67 
Novemdbeerrrk.rkrk ~~ ~~ 22222 25.15 18.34 25.25 19.96 
M ceresna AAA 8 24.46 18.23 21.89 18.83 
Average 21.68 19.27 25.55 20.12 


Metals Week. Quotations for the United States on a nationwide, delivered basis. LME cash average. 
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Table 24.— U.S. exports of lead, by country 


1983 1984 


Country Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 


Ore and concentrates (lead content): 


Do 5 eec e Lr e A ae né 896 $202 
Candida -ccana a eee eee ee 16,298 5,382 11,675 $4,627 
Hall 2 oe See ee parue 8 ane Me 
7777õõ⁰˙· exea edi Ee 119 43 18 
Spain-. —— ³ð2³ ⁰dyt 2,699 1,810 zd MN 
nited Kingdom... - - - ---- ---------—--- EN DS 66 56 
Otho eo . Le E os 107 12 20 24 
% ————— 20,119 1,502 11,858 4,160 
Drosses and residues including flue dust (lead content): 
F JJ ³ĩÄW⁴6—W 8 948 150 2, 458 622 
2 ⁵⁵ (;] 8 878 288 4.353 1.080 
Canada. /) y CP ren 839 703 274 562 
Denmark os co ee ne ee 241 479 473 496 
! Federal Republic D s S cr ee 284 156 213 162 
erlands os occae uec cuu aes 41 3 
nie Kingdoo nnn „ d 1,167 1,268 2,421 
CC ꝛ⅛ô•i ee ð v 3,902 3,080 9,118 5,352 
Unwrought lead and lead alloys (lead content): 
AuUstala n ˙r.-Ü⁰wA e Lco nee 16 34 4 4 
F FFF 55 4,581 3,487 113 1,832 
Brit on et d es ee aa 292 64 : 5 
le rr MEOS" 2,531 1,576 2,817 2,181 
Chil: 2252 !!, ] Ü] . .. 8 TEN e 174 178 
China 5. d ole m eie si Er E we ae 8 288 
Dominican Republic- ——ꝛ— -- ------------ 15 71 56 42 
JF OMEN TEETH 194 351 105 302 
aei Wc TTD (—ʃ— 8 = nd 39 36 
j ð d ERES 12 3 11 
Germany, Federal Republic o 42 44 104 80 
PI p p ̃ el Ore 92 78 100 66 
Grót ³⅛ ono ³ĩÜù--q³ y eh a E da 552 147 E m 
FlöÜÄͤ. ¼ w y ee LL 46 47 36 27 
5 ü y CE 10 10 3 4 
. ( ?.q , 259 148 1 
Korea, Republic oꝶꝶ tk 137 127 95 169 
6»H» ³ꝛð²6˙¹¹ũ ⁰ yt ⁰⁰yʒ EE. 252 342 584 766 
Netherland dddhd Ll. 8,221 3,414 66 850 
Netherlands Antilles „ 18 12 aa D 
POM ne ee x EN 3 5 15 17 
Philippines Se AEE ði i ⁵ ⁵⁵⁵⁵ A 8 62 43 121 128 
Saudi Arabieé́/˖nsn wd w | 79 401 16 33 
Sn. dee Mueren Dudas 42 54 58 65 
jure 33 98 90 T9 
Thailand —— n y ß y e Rcs mes 13 9 12 15 
Trinidad and Tobago „ 32 28 T. as 
United King donn 130 137 108 115 
Venezuelaa¶˖nssss c2 222 lc 2l2- 34 136 7 39 
G ˙² ͤ eo =v= . c PER ER 1113 1318 78 157 
JJ» »»˖»i„˖i˖ꝛꝛꝛꝛkku(. ⁵%⅛»Ü- ĩð es rei St 17,684 11,304 4,960 1,669 
rende — and lead alloys (lead content): i 5 2 
833 PAS ĩðV T E Pe (3) 5 91 138 
Candi. ul uu eu temm. tiom 1,005 1,087 495 516 
Denmark —— se AAA y e Ex 17 25 
ECUAdOR ce nouis e. 25 42 4 8 
CöÄö’»v'ddi!ii 4 17 15 34 
Germany, Federal Republic off 32 297 11 19 
Hen, 8 10 26 11 23 
Hong ;; ⅛ðͤ Re A TN 33 50 
AT E a ee eo ee 8 2 6 m MUS 
lirüel- e oou adea Rc 88 5 7 MN "o 
a J%%S%SCͥͥͥã ͥé ͤ OD T8 70 128 
JJ ͤ Ku ĩ tom Nay ned 68 359 16 193 
Korea, Republic oꝶ f 2s 25 9 
y Te oo ono T A E N A 1,059 4,253 1,273 5,190 
Netherlands ____.__..~ --------------—- 7 
x 0| MN NETS 6 10 14 33 
Philippe: c2leul2s2265s 18 27 10 30 
Saudi Arabia `- —- - -------------------———- ' 86 280 30 84 
Singapore e 11 60 33 62 


See footnotes at end of table. 
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Table 24. —U.S. exports of lead, by country —Continued 


1983 1984 


Country Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 


Wrought lead and lead alloys (lead content) —Continued 


))õÜ ⁵² AAA e ae A 43 $148 (*) $1 
1T177/ö%»ê——ä.w ẽ f d y c d EL S ms 11 4 98 319 
United Kingdom kk 180 584 185 393 
Venezuela_________ ~~ __ ~~ c2 222222 28 25 86 121 
;;; ³˙Ü¹]¹aA ³ ³m²Hh q 79 322 34 202 
Totale ꝛ ˙¹ʃ ] ũm.t 2,165 1,186 2,485 7,545 
Scrap (gross weight): 
Argentina. __._________~____ Lee 131 39 E 
Belgium- Luxembourg 347 400 345 388 
Brazil unes Lu my 8 4,844 1,153 5,861 1,192 
Canada ⁵ ꝗũñ : eL dn unu 15,708 3,472 6,117 2, 190 
Genie eee eer 2,899 324 5,649 548 
Denmark -.. o Cm 235 329 430 516 
eee, v eed cuius 101 95 59 
Germany, Federal Republic offt 1,517 622 904 480 
Hong Kong -------------------------- E RE 156 77 
;öÄ. Na te yd yt te ety 34 19 298 167 
ll!!! ⁰⁰ 886 376 57 
;ö·öô x Aet e. ) 265 77 336 166 
Korea, Republic out : 4,211 972 1,550 331 
Me ð K pini uUi eae 886 275 2,873 823 
Netherlands _________~_______~__~ ee 492 526 262 293 
Philippines 255 48 1.000 239 
)ÜöÜé 88 docti me ae 1,992 395 513 
C117! ð . 8 14,193 2,901 13,530 2, 803 
FFII!!! 8 20 4 os as | 
Trinidad 5-2 D i ee at es 1,045 103 3,541 520 
United Kingdom __________._____-__-__- 785 1.217 659 400 
Venezüelü ³Vʃw-. SER DS 992 300 
f chum e ite oe e IE 16 21 22 11 
rr ³¹˙Ü¹w1¹wwA ccs tee Saree Se 50,918 13,139 45,097 11,575 
Grand total!l „„ 195, 388 142,811 73,518 36,901 
"Revised. 


lLess than 1/2 unit. 


Table 25.—U.S. exports of lead 


: Wrought lead and 

Blocks, pigs, anodes, etc. lead alloys Serap 
. (gross Drosses, etc. 

Unwrought i . i ur ceca weight) 

Year alloys forma akes 
Quan- Quan- Quan- Quan- Quan- Quan- 

m ue Ur Qe Um e up M Uy du» wp vue 
(metric (metric (metric (metric (metric (metric x 
tons) nds) tons) sands) tons) sands tons) nds) tons) nds) tons) nds) 
1982 __ 47,250 $35,917 3,739 $3,032 4,078 $9,056 562 $813 51,752 $17,254 21,202 $9,450 
1983 __ 13,244 8,895 4,440 2,409 2,406 6,866 359 920 50,918 13,139 3,902 3,080 


1984 __ 3,732 4.849 1.228 2,820 2,156 7,058 329 487 45,097 11,575 9,118 5,852 
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or 


Table 26.—U.S. imports! of lead, by country 


(Lead content) 
| 1982 1983 1984 
Country Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) 
Ore, matte, flue dust, N n. S. p. f.: 
Australia LLL LL LLLA 1,694 $2,875 10,002 $2,865 17,024 $5,689 
Bolivia 7777 y e oa ne der Lis wae 816 390 
Canada ...... %%ͤ Gn tat 4,780 2,259 6,143 1,234 14,127 5,242 
Chilen e ana a E aC nd ey er ns as "M s -* 904 189 
Honduras 11. ENS 8,671 4,850 8,663 3,945 5,370 2,889 
! ³»¹⁴˙ ( 8 AE - um Eu 5,103 1,664 
Mexico scusate ũ y ͤ ds woes aa 2 PM 1 2,803 1,630 
Perun - o 14,549 5,481 22,702 7,041 22,718 8.671 
Other 8 CCF NE 1107 133 2 1 5 2 
77%]. y ⁵ ee ete 35,807 15,498 47,516 15,087 68, 870 26, 366 
Base bullion: 
Canada «m o ⅛ ²˙Ü‚Q ⅛ 5mm ĩð ĩ 19 25 28 12 19 10 
France -oo ocos nsaan onian is "y" "n" 7 Term 18 8 
/ö§ö§öô ²ꝛ-⁴»AA = ee Se db M cie Supe. - 25 10 6 37 
Other nr Rum crue eee ee (2) 3 (3) 1 (2) 2 
Total. .... TIRE Patti lat hs ot tae a acs 19 28 53 23 43 57 
Pigs and bars: 
Australia. o Sie Seema E he deed 7,256 3,786 10,883 3,825 10,884 5,187 
Belgium- Luxembourg )ͤĩ] ͤ õ 8 146 783 322 2,213 231 282 
Canada 22222222 ⁵²y S Mn NC 49,834 21,101 12,655 31,578 94,893 50,103 
Dine v Ru Rem 449 351 Bex "e 11 4 
Germany, Federal ind CCF 927 5, 836 1,022 1,020 1,528 4,205 
j ⁰ a PE E 113 79 418 316 
Mexico -oaaao ³] 0 ]ðê eo, ee te, ME 23,473 12,422 34,861 14,071 39,502 19,158 
Netherlands e Mw A reat che, Mee Phe AD uero ah m 11 84 116 92 
Peru 7 BS seus ee, Gate 8,296 3,816 10,096 3,526 9,205 4,349 
South Africa, Republic of !! "M ase " ES 496 275 
Spall 2. ete ðA et ee 8 nee aa aie ae 3,184 1,635 
United Kingdom 77 T: ae Sel oe 748 1,902 716 898 974 943 
HMHfff;ͤ ͤůͤutdt:t UPON ee DNE E 60 125 153 192 123 58 
Tota aes ie —w-- ¾ — —A E 91,189 56,722 130,732 63,446 161,565 86,607 
Reclaimed scrap, etc.: 
Kuüser alis AERIS 3,992 1,301 2,212. 347 1,302 359 
Bahamas ) '' 37 8 90 6 € ze 
Canada i 3,481 1,205 2,118 861 2,311 1,099 
MERICO: 22 cn ense e mm e E tuns eet 852 398 1,551 311 2,638 864 
United KingdoſU“L Uhl PeR M 93 20 48 23 
CGC nc 5a oc hd ²³¹1em a Lu 136 T12 129 7106 3 13 
M/ ⁰A⁰ . BS en Se Bde oie Ss 8,398 2,924 6,753 1,711 36,303 2,358 
Pigs and bars: 
London Metal Exchange (return of U.S. brands)“ ae EN 42,000 16,945 el "a 
Grand total E eth ee ele oe 135,413 75,172 227,054 97,212 236,781 115,388 


"Revised. 

‘Data are "general imports”; that is, they include lead imported for immediate consumption plus material entering the 
country under bond. 

2Less than 1/2 unit. 

Pata do not add to total shown because of independent sounding: 

*Bureau of Mines estimate. 
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Table 27.—U.S. imports for consumption of lead, by country 


1982 1983 1984 
Country | Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric (thou- (metric (thou- 


tons) sands) tons) sands) tons) sands) 


Ore, matte, flue dust, residues, n.s.p.f. - 


(lead content): 
ð;¹ A ee eee ee 29 $10 483 $112 1,843 |$4"T1 
Honduráá. z-s c nummum eR 8,677 4,850 1,522 674 4,121 2,201 
Haly. oue ⅛ , MR zu "m x 1,569 467 
MexiCU. c a ie m h h oes M MES 4 1 2,654 1,550 
FF!öͤ§¹·àAAA LEE 10,131 3,891 17,142 4,924 19,695 1,226 
Other OMNIA vv es 108 "33 2 1 5 2 
Tota ions , tUi riis 18,945 8,784 19,753 5,712 29,888 11,923 
Base bullion (lead content) | 
hh ĩðVſ EE 19 25 28 12 19 10 
NCC ]ͥÄ A ³ÜWw¹A ĩ K ipee ee i = a icm 18 
MEXICO: c y 8 22 Eun 25 10 6 37 
Other. boxes. (3) 3 (?) 1 (3) 2 
Total. n s A tc nA Ee 19 28 53 23 43 51 
Pigs and bars (lead content): | 
Australia —— oon L Lm A A iun ce ped dE 10,882 5,614 14,508 4,604 9,978 4,964 
Belgium-Luxembour ggg 146 783 322 2,273 231 282 
Canada —— ace se 49,834 27,701 72,655 31,578 94,815 50,062 
Denmark _-—-------------------——- 449 351 zie z 11 4 
Germany, Federal Republic off 927 5,836 1,022 7,020 1,528 4,205 
ndia- noc ui Ad OP NU euet ES E n As 907 441 
MOY MERE PN "Er a 113 79 419 316 
Mexico sassa ð³ àà A ĩðͤ mud eu E 23,513 12,444 34, 861 14,071 39,502 19,158 
pun as PESE 8 M" sent 11 84 116 92 
J ⅛ KV ĩ E 8.296 3,816 10,096 8,526 9,205 4,349 
South Africa, Republic ob =, " et BN 496 215 
dno MADE ERO v .d. SUFRE s 3,184 1,635 
ited Kingdoo nnn 748 1.903 716 898 974 94 
Other uno numo eum xen cun c LL Ee 60 125 "53 192 121 58 
Total’ _._________.____=______- . 94,855 58,633 134, 357 64,225 161,489 86,189 
Reclaimed scrap, etc. (lead content): i 
Australian 428 132 6 6 27 30 
C ˙¹i¹uAàͥ ³¹·w-wmm. ] 5mm us Er as Ce: 37 8 90 6 T ahs 
Canada oda 8 3,481 1,205 2,443 831 2,311 1,099 
Guatemalas em x 14 6 DM CN 
, ß m see em aie dieses 852 398 1,551 371 2,638 864 
United Kingdom ___________ ~~ __-___-_ ees 25 93 20 48 23 
|9,4,0- zose PERMET ee ee es r36 112 15 100 3 13 
Total! ___---------—- 8 4.834 1,755 4,212 1,340 5,026 2,029 
Sheets, pipe, shot, other forms: | 
lgium-Luxembourg CROCO S EEE 8 27 25 16 32 90 107 ` 
Canada o s cac E eee e ieri. 313 335 228 238 471 837 
Nm Federal Republic of |... ~~ 40 111 216 1,189 315 1,693 
JJ a ete eee eae eo Gere 24 52 E E (3) 
Mes asa a E A AA 8 45 73 10 64 669 853 
5 Kingdom n iu ciuis 3 12 3 14 51 128 
—————— ³ðꝛ³A be ah 8 115 186 123 195 72 424 
J;ö·Ä·¹ a ie hr 467 694 496 1.632 1.667 4,044 
Pigs and bars (lead content): | 
London Metal Exchange (return of U.S. brands)? _ e s 42,000 16,945 z X 
Grand total 119,120 69,894 200,871 89,877 198,108 104,241 
"Revised. 
!Data may not add to totals shown because of independent rounding. 
*Less than 1/2 unit. 


Bureau of Mines estimate. 
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Table 28.—U.S. imports for consumption of lead 


(Thousand metric tons and thousand dollars) 


Ore Base bullion Pigs and bars Sheets, plates, strip, 
Saar (lead content) (lead content) (lead content) other forms 
Quantity Value Quantity Value Quantity Value Quantity Value 
OBO x ye UR 30 23,927 (1) 509 81 87,629 (4) 888 
s Ses 27 20,196 (1) 340 100 87,026 (1) 564 
1989. md 19 8,784 (7) 28 95 58,633 () 646 
1989. 5. onte cs 20 5,712 (3) 23 2176 281,170 ) 1,628 
T 30 11.923 (1) 57 161 86,189 2 3,720 
Waste and scrap yo inn Ps a Powder and 
(lead content) dead contenti. flakes Total value 
Quantity Value Quantity Value Quantity Value 
0 Lt 2,144 1 761 1 620 116,478 
LOR bh e 2 1,568 1 652 (7) 162 110,508 
198922 aes 4 1,478 1 282 (1) 48 69,894 
ö A 3 980 1 360 (1) 4 89,877 
„ eo a a et 4 1,665 1 363 (7) 324 104,241 


1Less than 1/2 unit. 


2Includes Bureau of Mines estimate of 42,000 metric tons of U.S. brands returned from the London Metal Exchange 
with an estimated value of $16,945,000. 


Table 29.—U.S. imports for consumption of 
miscellaneous products containing lead! 


Gross Lead 
Year weight content Mies 
(metric (metric sands) 
tons) tons) 
1981. - 1,090 520 $7,813 
1982 _______ 1,423 639 10,596 
1333 eis 2,312 1,131 13,720 
1984 | 2,671 1,363 17,299 


1Babbitt metal, solder, white metal, and other lead- 
containing combinations. 


Table 30.—Lead: World mine production, by country, of lead in concentrates’ 


(Thousand metric tons) 


Country? 1980 1981 1982 1983P 1984° 

Algerid cn nno se dece n iuh. 1.8 5.1 4.9 *6.0 6.0 
Argentinas... unti a ee ie nte Les 32.6 32.1 30.1 31.3 34.0 
/] ˙³˙ꝑſ ccu e A ee 397.5 388.1 455.3 480.6 446.0 
Austria -22222 4.3 4.3 4.1 4.3 4.2 
BOLIVIA ueteres 17.7 16.8 12.4 11.8 8.4 
F pe es ost enc pie Ae 121.8 r21.7 19.4 18.8 19.0 
Bulgaria: 7116.0 7116.0 95.0 95.0 95.0 

MDI ca RERO ES MC a 14.2 16.1 16.1 23.1 321.9 
rr K as rene Se! 296.6 332.0 341.2 251.5 $259.4 
Ü esu a Kk to itur 3 2 1.4 1.5 2.0 
III ⁵ ᷣ 8 160.0 160.0 160.0 160.0 160.0 
Ge ue RT ec Sas ue r3 r3 4 3 3 
Congo (Brazzavillee)ꝰ rg. 6 7.7 4.1 r e6.0 2.0 
Czechoslovakia_____.._-§_-______~________ 3.3 3.4 3.1 3.2 3.2 
TCU OE nuc eu col ee ed le 2 2 e2 e2 2 
Rinland duc ee es 8 1.1 1.9 1.9 1.1 2.1 
Rrünce. 2 ano te uie uA LUE 28.4 17.2 5.9 1.5 31.6 
Germany, Federal Republic of w „ 23.1 21.6 23.5 23.5 321.0 
Greece? LLL LLL ssl 22a 320.5 21.0 719.0 120.0 20.0 
Greenland... gg 130.1 27.4 26.3 22.0 318.5 
Guatemala. ae. 1 er s NM e 
Hondurasss 13.3 12.6 15.1 19.3 320.5 
Haus 8 1.1 "D r6 r7 7 
Indidx ons. ⁰5ð˙¹ww. ß uS LIE 12.7 15.3 *16.6 €25.7 23.0 
Irant 2 2222222222- 12.0 20.0 25.0 326.0 28.0 
Ireland. — •·⁰¹ Tu 59.0 130.5 39.0 33.6 34.0 
j)! KK 22.9 21.6 16.2 23.6 39] 7 


See footnotes at end of table. 
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Table 30.—Lead: World mine production, by country, of lead in concentrates! 


— Continued 
(Thousand metric tons) 


Country? 1980 


1981 1982 1983P 1984* 
Japan c sci Ae LH Li Soi E Li 44.1 46.9 45.9 46.9 348.7 
Korea, North 125.0 7110.0 95.0 175.0 75.0 
Korea, Republic off 11.4 13.4 12.2 12.2 10.0 
Mexicd* cus omm ⁵ð es or oe = 7147.2 7148.9 170.2 184.3 195.0 
MOFOCCO hun ß d E E 114.8 116.0 103.6 98.0 3100.7 
Namibii. d 2264 ee eee ee i tnm 50.2 46.9 32.9 38.5 333.4 
Nigeria 2.2.5.6 a6,5 ee ke eae M 4 2 3 3 3 
öĩ§ĩ 00 mt E ew 12.5 rg. 0 3.7 4.1 5.3 
Perü .— cce eee ee 189.1 192.7 175.8 205.1 196.0 

PhilippfineeSsss „ 1.8 1.1 EN n. " 
; EE ES 60.0 50.4 57.5 59.2 61.0 
Romania’ no doe e ee ie 125.0 125.0 127.0 130.0 30.0 
South Africa, Republic of 86.1 98.9 90.3 80.2 394.8 
p ee Ce es ard. 87.1 80.2 13.8 82.0 85.0 
(( o²Oſ Le ( eL LEE 12.2 84.1 86.8 r *83.0 80.0 
Thailünd- 522 cce e eee ee EE 10.6 11.3 18.6 21.0 316.7 
Zinni ee i e ME 8.3 5.7 5.0 4.6 4.5 
Turkey._______________________-_-_ 6.7 8.0 6.4 6.3 6.0 
USSR closet mw! ꝛTT᷑TT—T cuc M 420.0 425.0 430.0 435.0 440.0 
United Kingdom 3.6 1.0 4.0 4.0 4.0 
United States ! 1573.1 459.0 530.3 465.6 3333.2 
Yugoslavia - ---------------------—-- 121.5 118.6 *115.0 r 1144 100.0 
ZAM a: oboe ee teehee a c *13.9 17.2 21.2 25.9 318.1 
PJ cese er o tm oe asus Er NE Rte E 3 469.7 "3,369.7 3,441.8 3,366.2 3,190.4 


*Estimated. Preliminary. Revised. 
1Table includes data available through June 18, 1985. 


2In addition to the countries listed, Egypt and Uganda may produce lead, but available information is inadequate to 
make reliable estimates of output levels. 


*Reported figure. 
*Production series modified according to reported data on mine output per municipality and State. 


Table 31.—Lead: World smelter production, by country! 


(Thousand metric tons) 


Country 1980 
Argentina: 
Primary (refined)... - - - --- -------- ~~~ __--— 23.2 
Secondary (refined) 18.5 
Total «oce A M e 41.7 
Australia: 
Primary: 
Bullion for export! 160.2 
e uma e e LS 200.5 
Secondary (refined) 733.2 
Nota i-e «? . ce IR Ea ³ E das Ne 7393.9 
Austria: 
Primary (refinedꝓ:eʒT7 5.4 
Secondary (refined). „„ 11.5 
1717 Sich ead ae te ducta 5 5 16.9 
Belgium: 
Primary C oi hs G ay he E tne cia 53.9 
e, e align raa need ca teens eet 30.0 
Mr —————— ———— 83.9 
Brazil: 
Primary (refined) „4 44.5 
Secondary (refined)... :˖ꝛ 40.4 
Total et hha ocu sue AES 84.9 


See footnotes at end of table. 


1981 1982 
19.0 17.0 
15.6 14.6 
34.6 31.6 

"162.6 181.6 

207.7 218.8 
31.5 28.3 
7401.8 428.1 
3.3 3.4 
12.8 14.5 
16.1 17.9 
60.2 52.9 
28.0 28.0 
88.2 80.9 
34.7 21.9 
731.0 21.4 
165.7 49.3 
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Table 31.—Lead: World smelter production, by country! —Continued 


(Thousand metric tons) 


Country 1980 1981 1982 1983P 1984* 
Bulgaria:* 
; RR RR ER E K REA 115.0 115.0 7114.0 7112.0 112.0 
Secondary ud ncc y 4.0 4.0 4.0 4.0 4.0 
CCC;CÜ˙—’B r ² x. ꝛ ñ ¹ : . DOE NR 119.0 119.0 7118.0 7116.0 116.0 
Burma: Primary 6.0 4.1 7.8 27.6 7.0 
Canada: 
Primary (refinedꝶ 77d 162.5 168.5 174.3 178.1 173.0 
Secondary (refined 72.1 69.7 64.6 63.9 79.0 
i:: . e LA m oe 234.6 238.2 238.9 242.0 252.0 
China:“ 
Primary (refined) s «ee A AA E 145.0 150.0 155.0 7165.0 165.0 
Secondary (refined 30.0 25.0 20.0 730.0 30.0 
h ³¹ ⁰ 6A ÁÀ — 175.0 175.0 175.0 7195.0 195.0 
Colombia: Secondary (refined 3.0 3.0 3.0 3.0 3.0 
Cyprus: Secondary (refined) e 2.5 2.5 2.5 2.5 2.5 
Czechoslovakia: Secondary (refined) 20.0 21.0 21.0 21.0 21.0 
Denmark: Secondary (refined) 24.5 124.0 15.9 10.0 10.0 
Finland: Secondary (refine(d))) c. 3.2 4.5 4.4 4.0 4.0 
France: 
Primary (refined) _ _.___________~_ ~~ ~~ ~___~____- 126.8 128.6 122.7 114.9 121.9 
Secondary uu ³ðh ⁰ ek a ue 35.7 38.9 40.7 31.6 33.5 
Totali ˙¹ dd le ti hel te tant 162.5 167.5 163.4 152.5 155.4 
German Democratic Republic: Secondary (refined) * — |. |... 42.0 48.0 50.0 140.0 45.0 
Germany, Federal Republic of: 
õĩãͤ]˙wU ͥͥͥ ¹³¹Ü1v¹ꝛA remos ci nac Ed iE: 111.9 107.5 110.7 116.2 102.3 
S ⁵ E uS oS Sa co Sale OS, 189.5 254.8 239.7 236.3 254.9 
»» sats bn ss ed se 301.4 362.3 350.4 352.5 357.2 
Greece: ö 
Primary (refined 15.6 21.0 2 > 15.0 
Secondary (refined 4.0 4.0 (5) s zi 
dul "c ——— 19.6 25.0 3.2 (5) 15.0 
Guatemala: Secondary (refined) |. „ 1 1 1 1 1 
Hungary: Secondary (refined 1 1 1 1 $i 
India: 
Primary (refined) 14.9 14.3 “14.4 15.0 15.0 
Secondary (refined 10.7 11.1 “8.8 6.6 7.0 
Total cd 25.6 25.4 *23.2 21.6 22.0 
Ireland: Secondary (refined) |... oss 7.0 10.0 10.0 10.0 10.0 
Italy: 
Primary (refined-. -___________________ 42.1 35.6 36.4 37.0 37.6 
Secondary (refined) 91.6 97.4 97.3 “90.0 90.0 
C CERTI ee ees Bath es ĩ¾ ͤ ees 133.7 133.0 133.7 127.0 127.6 
Jamaica: Secondary (refined)? E EI x3 2.0 1.0 1.0 1.0 1.0 
Japan: 
Primary: ul hha sure ee eee ie eee 185.8 190.7 1928 * ©215.0 241.0 
Secondary (refined 129.8 141.6 119.1 118.3 131.9 
J ea cse. sce e a oe Reus 315.6 332.3 311.9 T ©333.3 372.9 
Korea, North: Primary (refined)? ee 65.0 65.0 60.0 60.0 60.0 
Korea, Republic of: 
Primary (refined? e 8.6 7.2 9.5 10.5 10.3 
Secondary (refined 1.8 7.5 6.6 7.3 10.0 
TE du ale tear see ts 10.4 14.7 16.1 17.8 20.3 
Malaysia: Secondary (refined)®__ ___________________ 5.2 3.5 23.0 T4.0 3.6 
Mexico: 
rer ͥꝙõ ⁰⁰ a e LIA S Ruf eeu do 145.0 156.7 145.4 166.8 170.0 
Secondary (refined) — 44.0 38.0 34.0 35.0 35.0 
Total esu Lue ⁵³ði . eau eid Le 189.0 194.7 179.4 201.8 205.0 


See footnotes at end of table. 
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Table 31.—Lead: World smelter production, by country! —Continued 


(Thousand metric tons) 


Country | 1980 1981 1982 1983P 1984 
Morocco: 
Primary refineſſ]]ſßfſdd“, ems 40.3 50.1 56.5 157.1 48.5 
Secondary (refined 2.1 2.1 2.0 2.0 . 20 
J⁰ CN POPE OS 42.4 52.2 58.5 r 659.1 50.5 
Namibia: Primary (refined 42.7 41.7 40.6 35.4 228.9 
Netherlands: 
öÜ³ꝶ ee oe ee Bee ee 6.0 2.5 2.5 2.5 2.5 
Secondary co cou ee eee De et te 719.8 119.7 27.3 23.3 34.0 
io | ae a al ²»ꝛõ mr v E t FC 125.8 122.2 29.8 25.8 36.5 
New Zealand: Secondary (refined 7.0 7.0 16.0 16.0 6.0 
Nigeria: Secondary (refined) ꝛꝛꝛꝛ 2.0 2.0 2.0 2.0 2.0 
Norway: Secondary (refined) - )) 4 e me 2s "e 
Pakistan: Secondary (refined) |. -------------—— 1.0 1.0 1.0 1.0 1.0 
Peru: 
Primary (refined, 79.9 79.2 77.0 67.7 270.3 
Secondary (refined 5.0 5.0 5.0 5.0 5.0 
M ³˙·¹A¹ www a ae eade 84.9 84.2 82.0 72.7 75.3 
Philippines: Secondary (refined) 4.8 4.0 6.0 6.0 6.0 
Poland: 
Primary (refined 58.0 47.0 55.0 56.5 58.4 
Secondary (refined)? $ —_---------------------- 24.0 22.0 23.8 24.5 250 
Told e redire ³ A AE AE tt: 82.0 69.0 18.8 81.0 83.4 
Portugal: Secondary (refinedſ - - - ------------------ 5.6 5.3 4.0 (5) e 
Romania: 
Primary (refined) ____§______________________ T 240.9 r 240.6 140.5 140.0 39.0 
Secondary (refined ' "4.0 "5.0 15.2 19.3 10.0 
Total uuum ³⁰ AAA ee es E t E "44.9 T45.6 45.7 49.3 49.0 
South Africa, Republic of: Secondary ~- jn 35.4 26.9 30.4 23.6 221.9 
Spain: 
Primary (refined) 83.3 83.1 99.5 107.8 110.0 
Secondary (refined) 37.4 34.1 32.1 36.9 38.0 
CJõ]⁰¹˙ . A ]³Üwü fa hg oe urea 120.7 117.2 131.6 144.7 148.0 
Sweden: | 
Primary (refined) ~ ~- - ~- - - - - - - -- - 5 eo pode Se u 127.0 114.8 29.6 35.2 35.0 
Secondary (refined ˖7ꝛꝛꝛꝛꝛ 55 22.0 22.0 19.9 19.0 20.0 
Total .......- MEET eee eee eer ee 149.0 36.8 49.5 54.2 55.0 
Switzerland: Secondary (refined)? ee)) 7.0 1.2 7.0 6.0 6.0 
Taiwan: Secondary (refined) e)) 16.8 30.0 35.0 138.0 38.0 
Thailand: Secondary (refined) 1.7 r. 5 9 3.2 26.2 
Trinidad and Tobago: Secondary (refinedjeeee 2.0 2.0 2.0 2.0 2.0 
Tunisia: 
Primary refined, op e ens 19.2 17.5 15.3 10.4 10.0 
Secondary (refined 6 5 5 Es 5 
SJ ee See ee net 19.8 18.0 15.8 10.9 10.5 
Turkey: 
Primary (refined 13.0 13.0 3.0 4.0 4.0 
Secondary (refined (5) (5) (5) (5) Ll 
dio: PD 13.0 13.0 3.0 4.0 4.0 
U. S. S. R.:“ 
Primary (refined ases a ELT LM 415.0 480.0 485.0 490.0 495.0 
Secondary (refined 225.0 235.0 245.0 209.0 260.0 
Pf ⁰¹˙⁴ͥ ]˙Ü]iv %] jm Ä 700.0 715.0 730.0 745.0 755.0 
United Kingdom: 
Prima A o Rc ac Art Eu Se 30.0 26.5 34.1 40.7 40.7 
Secondary (refined _ _ --- FFC C 211.4 198.0 179.2 185.3 191.0 
l ³AA¹Aͥͥͥ ͤ ME cep a 241.4 224.5 213.3 226.0 231.7 


See foot notes at end of table. 
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Table 31.—Lead: World smelter production, by country! —Continued 


(Thousand metric tons) 


Country 1980 1981 1982 1983P 1984* 

United States: 
Primary (refined) 548.4 498.3 516.8 514.6 2396.6 
Secondary (refined 675.6 641.1 571.3 503.5 2582.8 
JiTir 1,224.0 — 1,1394 1,088.1 1,018.1 2979.4 
Venezuela: Secondary (refined)? ee)) 10.0 10.0 10.0 10.0 10.0 

Yugoslavia: 
Primary: acocs d imeem ez 85.0 74.0 74.0 275.0 70.0 
Seen 39.7 46.5 35.0 *35.0 30.0 
f A „„ 124.7 120.5 109.0 “110.0 100.0 
Zambia: Primary (refined: ß 10.0 9.9 14.6 14.6 28.8 
if 5,397.3 5,375.4 5,295.0 5,267.0 5,318.7 
Of which: 

PRIMACY ou nae oe a C 73,180.6 3,119.9 3,185.8 3,230.4 3,132.2 
SSeeondds peu Est ee 12, 216.7 2,255.5 2,109.2 2,036.6 2,186.5 


“Estimated. Preliminary. "Revised. 

1Tab!e includes data available through June 18, 1985. Figures presented represent, to the extent possible, production of 
crude (or unrefined) lead, including bullion and impure lead derived from scrap. The figures for secondary crude lead for 
a number of countries are undoubtedly high, but insufficient information is available to separate impure secondary lead 
from lead merely re-refined. Countries for which this is the case have been footnoted. (See footnote 4.) For those countries 
from which crude lead production is not reported, but where available information suggests that there is little if any 
import or export of bullion for refining and refined lead output has been reported, it is so noted parenthetically because it 
is believed that the difference between crude for smelter output and refined output is negligible. 

2Reported figure. 

3Data not reported, derived from reported primary refined lead output minus imports of lead bullion plus exports of 
lead bullion and checked against use of lead content of domestically produced ores plus lead content of imported ores 
(estimated) minus lead content of exported ores (estimated). 

Some part of the total entered may be merely re-refined, and as such probably should not be included here, but a 
substantial part of the total presumably was recovered from sufficiently impure materials to qualify as a secondar 
smelter product. Available information is inadequate to permit differentiation, and the total has been included, althoug 
it is recognized that this produces a slightly inflated figure. 

Revised to zero. 

Production from Imperial Smelting Furnace at Avonmouth only. 


Table 32.—Lead: World refinery production, by country! 


(Thousand metric tons) 


Country 1980 1981 1982 1983P 1984* 
Argentina: 
F edet a ] % ͤ-héꝙr 8 23.2 19.0 17.0 16.0 19.0 
Sonn, ³ð cic Sr ELE 18.5 15.6 14.6 14.0 17.0 
TOU sepes té uite RO eR Ag ⁵ðVàu a Ere 41.7 34.6 31.6 30.0 36.0 
Australia: 
F ͥðͥʃͤ ũ 0 69D . es b E 200.5 207.7 218.8 196.3 2196.2 
Secondary. ______________- AERE 8 32.2 31.5 28.3 27.1 21.5 
Total AN 1232.7 239.2 247.1 223.4 217.7 
Austria: 
Primar Jüöͤöͤͤͤĩê0˙?7˙ RE 5.4 3.3 3.4 4.2 4.2 
% «G MAT—ꝗᷓdͥd0 y . 8 11.5 12.8 14.5 12.9 13.0 
TE:!:zzzzs3zzs;;; o· .. tereti do de eue 16.9 16.1 17.9 17.1 17.2 
Belgium: 
, d 75.9 73.9 66.0 96.3 96.4 
Seh ³ y D ELA 52.0 36.0 33.7 37.8 38.6 
J/J/ÄÜöÜ[˙r1e ü ³«ꝰ ᷣ Leet wet, Fl ete see 127.9 109.9 99.7 134.1 135.0 
Brazil: 
ITT E uer ped oe ee 44.5 34.7 21.9 21.0 226.0 
Sen, a a E N 40.4 131.0 27.4 29.0 30.0 
/r ne a a 


S PEN n 84.9 "65.7 49.3 90.0 56.0 


See footnotes at end of table. 
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Table 32.—Lead: World refinery production, by country! —Continued 


(Thousand metric tons) 


1980 1981 1982 1983P 1984* 
Bulgaria:* 
Primary e cnc ie uui Ue du alise ee eee 1101.2 "101.2 7100.3 98.6 98.6 
p ß E Lus IAE ce at a aa 717.8 M78 "17.7 117.4 17.4 
1P＋ff1]]!l!!!!! 7119.0 71190 7118.0 116.0 116.0 
Burma: 
0 t Ni LUE E 5.8 3.9 7.6 7.4 6.8 
en... 2 2 2 2 2 
Totals mcos ³ ³ . 6.0 4.1 7.8 7.6 7.0 
Canada: 
FI 8 162.5 168.5 174.3 178.1 173.0 
Secondary celer ir atm LM ⁰yd 12.1 69.7 64.6 63.9 79.0 
ORE ey eet es ee € ——— Mt 234.6 238.2 238.9 242.0 252.0 
China:“ 
) ⁰ ¹iwwubſd 8 145.0 150.0 155.0 1165.0 165.0 
SCOR AY eccosc nea ene Mum get rcu CLE 30.0 25.0 200 30.0 30.0 
l ee eee a 175.0 175.0 175.0 7195.0 195.0 
Colombia: Secondary 3.0 3.0 3.0 3.0 3.0 
Cyprus: Secondary 2.5 2.5 2.5 2.5 2.5 
Czechoslovakia: Secondary- __________~_-~-_----~-----~- 20.0 21.0 21.0 21.0 21.0 
Denmark: Secondary ____________--_----~----_--~--- 24.5 124.0 15.9 10.0 10.0 
Finland: Secondary - - -------------------—---—---——— 3.2 4.5 4.4 4.0 4.0 
France: 
Primary 5 alee oo t A tM te LC E. 126.8 128.6 122.7 115.0 121.9 
Secoldary..- cuc AE m —ZZTͤ—ĩ—œVw eL e 92.0 99.4 85.9 99.4 85.4 
17 uU ete eee I MH E Te 218.8 228.0 2086 214.4 207.3 
German Democratic Republic: Secondary 42.0 48.0 50.0 440.0 45.0 
Germany, Federal Republic of: 
Primary: ————— % ⅛³‚·o1ðͥ b LL M eR oes 191.1 189.5 201.6 212.5 216.2 
%% c ee EUST a IE d 159.2 158.8 148.9 135.5 141.0 
yr c Wu" ³ ↄ i E 350.3 3483 350.5 348.0 357.2 
Greece: 
j ele sume 8 15.6 21.0 3.2 (3) 15.0 
hh ⁰y 4.0 4.0 (3) (3) E 
Total eeonc ubi e a —Vß 6mm. uM gut Leti Su 19.6 25.0 3.2 (3) 15.0 
Hungary: Secondar/7̃dʒß ~-____~___-__ 1 1 1 1 1 
India: 
FIP... 8 714.8 14.3 14.4 23.0 15.0 
%%% ↄ³Ü¹ͤſꝗ⁵ ah LE Ue ap 10.7 11.1 8.8 6.6 1.0 
. dd A eut ces LL 125.5 25.4 23.2 29.6 22.0 
Ireland: Secondary- ---------------------------—— 7.0 10.0 10.0 10.0 10.0 
Italy: 
II:: ae M hl i ⁰ky 8 42.1 35.6 36.4 36.9 37.5 
Secondary- f LLL d 8 91.6 97.4 97.3 89.4 90.0 
1/0 ak a u K A EE 133.7 133.0 133.7 126.3 127.5 
Jamaica: Secondary) 2.0 1.0 1.0 1.0 1.0 
Japan: 
FF õ³¹¹¹iͥͥ es ⁰ 175.2 175.4 183.1 203.3 233.8 
h S De ee cece 129.8 141.6 119.1 118.3 131.9 
%;r "————— — tee 305.0 317.0 302.2 321.6 365.7 
Korea, North:* 
JJ7ĩ%—ecĩCÿꝗò ſſ ³ðAf EORR ERES 60.0 60.0 55.0 55.0 55.0 
Sh ⁰ãy a d ei ce 5.0 5.0 5.0 5.0 5.0 
p pp ñ AP LLL E 65.0 65.0 60.0 60.0 60.0 


See footnotes at end of table. 
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Table 32.—Lead: World refinery production, by country! —Continued 


(Thousand metric tons) 


Country 1980 1981 1982 1983P 1984* 
Korea, Republic of: 
J7J7VVõüõͥõĩõͤ6ö]—⁵i³ĩtrè 0d 8.6 7.2 9.5 10.5 10.3 
Secondary 1.8 7.5 6.6 7.3 10.0 
z d DEI P AT LL 10.4 14.7 16.1 17.8 20.3 
Malaysia: Secondary 5.2 3.5 23.0 14.0 23.6 
Mexico: 
PEIHDHEV n P 140.3 7150.6 187.2 162.5 160.0 
Secondary? noc oon RI 8 44.0 38.0 340 131.0 35.0 
OU TER ⁰ ¹wü Ci 184.3 7188.6 171.2 193.5 195.0 
Morocco 
FFII us Dic Le Ee oL s aduer Eu 40.3 50.1 56.5 54.2 46.1 
Secondary? ________.____~___-___-__--__------ 2.1 2.1 2.0 2.0 2.0 
e ß E M ee ee 42.4 52.2 58.5 56.2 48.1 
Namibia: Primar „ 42.7 41.7 40.6 35.4 228.9 
Netherlands: 
FI ³¹ÜwꝛA e ep 112.4 14.2 5.6 2.3 1.0 
% . ³⁵¹Ü¹.w.w a y 719.8 "19.7 27.3 23.3 34.0 
/ a NU E E ³ é 132.2 133.9 32.9 25.6 35.0 
New Zealand: Secondary? _________________________- 1.0 7.0 T6.0 "6.0 6.0 
Nigeria: Secondary 2.0 2.0 2.0 2.0 2.0 
Norway: Secondary _____________~_______ ~~ 4 e nm xc it 
Pakistan: Secondary 1.0 1.0 1.0 1.0 1.0 
Peru: 
Primar) „ TOEIC PRU LR: 19.9 19.2 77.0 67.7 70.3 
Secondary 5.0 5.0 5.0 5.0 5.0 
Ota a Suh eh cops espa ete ³˙¹ A ONERE 84.9 84.2 82.0 72.7 75.3 
Philippines: Secondary — - ----------------------——— 4.8 4.0 6.0 6.0 6.0 
Poland: 
, ß . a a ei. 157.4 48.3 755.2 "56.7 58.4 
Secondary? jj 124.6 120.7 23.6 124.3 25.0 
/ ⁵ði!d0 ĩðů ets 82.0 69.0 78.8 81.0 83.4 
Portugal: 
FFIIII((ͥͥ ³¹ͥ̃⅛ ⁵ͤ”[Wrüy“² ³oꝛ A Lr e Re eru e (3) mos Es ae 
SS] ]˙ſ%ddꝗ.dſdddddſdddddddã ⁵ 8 5.6 5.3 4.0 6.0 6.0 
Pfl¹ AE... i Lu eps nei nhi ee 5.6 15.3 4.0 6.0 6.0 
Romania:“ 
CC ³˙Ü¹äw11 ͤͥ ß AU ee IE 240.9 240.6 40.5 140.0 39.0 
0 ⁰ ::: ĩ⅛Ü2] RE ĩ AS 14.0 15.0 15.2 19.2 10.0 
1J7ͤ . Ü ¹·Ü1 ͤͥͤͤ ͤ—010: k E te EE EE 44.9 45.6 245.1 249.2 49.0 
South Africa, Republic of: Secondar 7 35.4 26.9 30.4 23.6 24.1 
Spain 
PHIHIBEYL eo ²⁵7—¹ . a ĩðͤd ĩͤ KK ue Le Di re ee 88.3 83.1 99.5 107.8 110.0 
Sh ³oͥ/ſſſſſſſ yd E 37.4 34.1 32.1 36.9 38.0 
fh ³ðW—Wwm. ³ð K uM EL D LR Ee 120.7 117.2 131.6 144.7 148.0 
Sweden: 
FFII; Ee Uu E LT e 20.3 7.0 29.6 20.0 20.0 
Secondary oso ß Ales So eh oe ee 22.0 22.0 19.9 19.0 20.0 
% OT e ⁰ te 42.3 29.0 49.5 39.0 40.0 
Switzerland: Secondar jj 7.0 7.2 7.0 6.0 6.0 
Taiwan: Secondar 2-22 5 L LLL ss lllo 16.8 30.0 35.0 38.0 38.0 
Thailand: Secondary ___________~_~__~_~_~_~_~_~__ LLL 1.7 T5 9 3.1 26.1 
Trinidad and Tobago: Secondary? _________ o 2.0 2.0 2.0 2.0 2.0 
Tunisia: 
FFII secessu eias ³W¹ 8 e 19.2 17.5 15.3 10.4 10.0 
Secondary iN a Sella esta 8 e 6 Er 5 4 5 
PROC eee cso ae E ie Ü·˙¹¹ꝛͥſ ¾ K Ie es een ; 19.8 18.0 15.8 10.8 10.5 


See footnotes at end of table. 
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Table 32.— Lead: World refinery production, by country! —Continued 


(Thousand metric tons) 


Country 


ii aaa ae ia ia ia ia M M —— 


ee ae — —— — — — i ia ei —— ei 
` 


eee eee aa — M a a a M M — 


eee eae ee — — — 


— mee i i eS 


United States: 
Primary ss ⁵ĩ²¹idm · 0 . m eae eg ee 
Secondary ff A LAE ED ES 
%% ͥͥͥͥͥ0ͤ˙ͤ ͤ%ͤ‚0ĩ˙ ˙5Q]A ß ⁵ 8? 
Venezuela: Secondary 
Yugoslavia: 
z f sueta G 
// T7 AMI tsi iie 
ll K ³ĩð ee Oe 


— H— — — — — — — — —— MA H—— a e a e a a T—— i ae — — — — 


— —— H—— D — ſ—— HD — D — HD—— ae a HD — —— —— — — — 


— — — — — D— — — —— D — D — HD — H — D — —— —— —— — 


“Estimated. Preliminary. Revised. 


1980 


13.0 
(3) 


13.0 
475.0 
225.0 
700.0 
113.4 
211.4 
324.8 
548.4 
675.6 


1,224.0 
10.0 


84.7 
17.0 


101.7 
10.0 


5,429.9 


"3,169.4 
12, 260.5 


1981 


13.0 

13.0 
480.0 
235.0 
115.0 
135.4 
198.0 
333.4 
498.3 
641.1 


1,139.4 
10.0 


13.9 
12.5 


86.4 
9.9 


"5,338.2 


"3,126.6 
"2,211.6 


1982 


3.0 
(3) 


3.0 


485.0 
245.0 


130.0 
131.0 
175.2 
306.2 


516.8 
571.3 


1,088.1 
10.0 


12.0 
10.2 


82.2 
14.6 


5,228.7 


3,169.6 
2,059.1 


1983P 


4.0 
(3) 


(3) 


4.0 


490.0 
255.0 


745.0 
136.9 
185.2 
322.1 
514.6 
503.5 


1,018.1 
10.0 


r €75.0 
r €35.0 


110.0 
14.6 


5,245.1 


3,231.2 
2,022.9 


1984° 


4.0 


4.0 


495.0 
260.0 


755.0 


140.0 
191.0 


l 331.0 


2396.6 
2582.8 


2979.4 
10.0 


75.0 
7.8 


282.8 
28.8 


5,288.5 


3,153.0 
2,135.5 


1Table includes data available through June 18, 1985. Data included represent the total output of refined lead by each 
country, whether derived from ores and concentrates (primary) or scrap (secondary), and include the lead content of 
antimonial lead, but exclude, to the extent possible, simple remelting of scrap. 


2Reported figure. 
3Revised to zero. 


Lime 


By J. W. Pressler’ 


Lime output, including that for Puerto 
Rico, was 16.0 million short tons, an in- 
crease of 7% compared with that of 1983. 
Total value increased 7% to $816 million. 

Output of agricultural lime increased 
30%, refractory lime increased 17%, con- 
struction lime increased 15%, and chemical 
and industrial lime increased 6%. 

Domestic Data Coverage.—Domestic pro- 


duction data for lime are developed by the 
Bureau of Mines from two separate, volun- 
tary surveys of U.S. operations. Typical of 
these surveys is the annual "Lime" survey. 
Of the 144 operations to which the annual 
survey request was sent, all responded, 
representing 100% of total production 
shown in tables 1 and 2. 


Table 1.—Salient U.S. lime statistics’ 
(Thousand short tons unless otherwise specified) 


1980 1981 1982 1983 1984 
Number of plantttet?vZv3ss 153 150 147 139 132 
Sold or used by producers: 
sf Bry spc le Me pa x ae ees nS cl 8 15,972 16,142 11,701 12,383 13,134 
ydrated lime_________________________-_-- 2,544 2,279 2,037 2,066 2,302 
Dead-burned dolomite _______________________- 494 435 337 418 487 
Toal merle een dJ Payee Meee ern 19,010 18,856 14,075 14,867 215,922 
. pe e Deum yd thousands . $842,922 $884,197 $696,207 $757,611 $811,183 
Average value per ton $44.34 $46.89 $49.46 $50.96 $50.95 
Linesold . ety, nno e tds i Ls 13,809 14,271 10,856 12,083 13,064 
Lime used. d . mec cras cs 5,201 4,585 3,219 2,784 2, 858 
7öĩÜÜ ꝛ yd ß EL e oe 42 25 
Imports for consumption 480 504 348 283 247 
1Excludes regenerated lime. Excludes Puerto Rico. 
2Data do not add to total shown because of independent rounding. 
3Selling value, f.o.b. plant, excluding cost of containers. 
“Bureau of the Census. 
DOMESTIC PRODUCTION 


Lime sold or used by producers increased 
T% to 16.0 million tons. Commercial sales 
increased 8% to 13.1 million tons. Captive 
lime used by producers increased 3% to 2.9 
million tons, but was 61% below the record- 
high year of 1971. 

Production of quicklime increased 6% to 
13.6 million tons. Production of hydrated 
lime increased 11% to 2.3 million tons. 
Production of dead-burned dolomite in- 


creased 17%, but was 80% below the 1956 
record-high level of 2.4 million tons. 

Six States—Ohio, Pennsylvania, Mis- 
souri, Kentucky, Alabama, and Texas— 
produced over 1 million tons each and 
accounted for 56% of total lime output. 
Production increased 19% in Alabama, 9% 
in Kentucky, 8% in Texas and Missouri, 
and 7% in Pennsylvania, but decreased 2% 
in Ohio. 
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Figure 1.—Trends in major uses of lime. 


Leading producing companies were Mar- 
blehead Lime Co. with two plants in Illinois, 
two in Michigan, and one each in Indiana, 
Pennsylvania, and Utah; Dravo Lime Co. 
with one plant each in Alabama, Kentucky, 
Louisiana, and Texas; Mississippi Lime Co. 
in Missouri; Martin Marietta Corp., Chemi- 
cal Div., with two plants in Ohio; Allied 
Chemical Corp. in New York; Black River 
Lime Co. in Kentucky; Genstar Lime Co. 


with two plants in California, two in Ne- 
vada, and one each in Arizona and Utah; 
Rangaire Corp. with one plant each in 
Arkansas, Pennsylvania, Texas, and Vir- 
ginia; Bethlehem Steel Corp. with two 
plants in Pennsylvania; and Allied Products 
Co. with two plants in Alabama. These 10 
companies, operating 30 plants, accounted 
for 52% of the total lime production. 

The six largest lime plants, each produc- 
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ing more than 400,000 tons, accounted for 
29% of the total lime output. In 1984, 23 
plants produced from 200,000 to 400,000 
tons each and accounted for 36% of the 
total. 

Leading individual plants were Mississip- 
pi Lime's Ste. Genevieve plant in Missouri, 
Dravo Lime's Maysville plant in Kentucky, 
Martin Marietta Chemical Div.'s Woodville 
No. 1 plant in Ohio, Black River Lime's 
Carntown plant in Kentucky, and Marble- 
head Lime's Buffington plant in Indiana. 

A total of 352 lime kilns were operated 
during 1984. A total of 11 sugar companies 
operated 35 plants with 54 shaft kilns and 1 
rotary kiln, and produced 617,000 tons of 
lime valued at $41.9 million. The balance of 
the lime industry, not including the paper 
and pulp and the calcium carbide indus- 
tries, operated 297 kilns during the year: 
118 vertical kilns, 144 rotary kilns, 20 pot 
kilns, 13 Calcimatic traveling-hearth kilns, 
4 fluidized-bed kilns, and 3 Maerz-Warwick 
vertical kilns. 

Hydrators for production of hydrated 
lime, including those used by the sugar 
industry, totaled 137; 120 were of the con- 
tinuous type, and 17 were of the batch type. 

The number of lime plants in the United 
States and Puerto Rico decreased by " to 
133, and the average production per plant, 
excluding the sugar industry average of 
17,600 tons per year, was 156,500 tons per 
year. 

New Plants, Expansions, and Changes.— 
Construction was initiated by Florida 
Crushed Stone Co. in early 1984 for a 
390,000-ton-per-year lime plant near 
Brooksville, Hernando County, FL. The 
lime plant was part of a $100 million 
project, which also consisted of a 600,000- 
ton-per-year cement plant and a 125 
megawatt cogeneration powerplant.? 

Kaiser Aluminum & Chemical Corp. sold 
its Natividad dolomitic lime and refractory 
dead-burned dolomite plant and facilities in 
Monterey County, CA, to National Refracto- 
ries & Mineral Corp. at yearend. Pfizer Inc. 
permanently closed its Canaan dolomitic 
lime plant in Litchfield County, CT, in the 
first quarter of 1984. Chino Mines Co. per- 
manently closed its rotary lime kiln in 
Grant County, NM, in November. National 
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Gypsum Co. sold its Kimballton lime plant, 
consisting of an underground limestone 
mine, three rotary kilns, and one continu- 
ous hydrator, to USG Industries Inc. in 
February. 

Seven less plants reported production 
compared with that of 1983. This was attrib- 
uted to permanent closures of Aluminum 
Co. of America’s (Alcoa) Bauxite plant in 
Arkansas; Cuyahoga Lime Co.’s Cleveland 
plant, Pfizer’s Gibsonburg plant, and C-E 
Basic Inc.’s Maple Grove plant, all in Ohio; 
Alcoa’s Point Comfort plant in Texas; and 
Genstar Stone Products Co.’s Stephens City 
plant in Virginia. Mathis Mining & Explo- 
ration Co.’s plant in Grant County, NM, was 
closed in September 1983 and was dormant 
in 1984. 

Reflecting continued depressed markets 
for lime, particularly in the iron and steel 
and copper industries, several plants re- 
mained dormant. Amstar Corp.’s plant in 
Chandler, AZ, remained idle. Kennecott- 
Ray Mines Div.’s plant in San Manuel, AZ, 
and Phelps Dodge Corp.’s plant in Morenci, 
AZ, were dormant. S. I. Lime Co.’s Morgan 
City, LA, two rotary lime kilns, originally 
shut down in July 1982, remained dormant 
in 1983-84, and the company operated only 
two continuous hydrators on quicklime 
shipped from Kentucky. Armco Inc.’s Azbe 
vertical lime kiln in Houston, TX, had been 
shut down in late 1982 and remained dor- 
mant during 1983-84. Greer Lime Co.’s Salt- 
ville, VA, plant had ceased operations July 
1982, and has remained dormant during 
1983-84. Riverton Corp.’s Martinsburg, WV, 
plant, which had been closed in July 1982, 
remained dormant in 1983-84. 

As reported by the National Lime Associ- 
ation, direct fuel sources for the commercial 
lime industry through 1984 were coal, 78%; 
natural gas, 14%; petroleum coke, 6%; and 
oil, 2%. Changing fuel consumption pat- 
terns in the industry caused a 39% reduc- 
tion in the use of natural gas and a 2896 
increase in the use of coal and coke compar- 
ed with that of 1980. A 1983 energy survey 
of the major lime producers indicated an 
average consumption of 6.7 million British 
thermal units per ton of quicklime produc- 
tion at a cost of about $13.50 per ton. 
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Table 3.—Lime sold or used by producers in the United States,’ by size of plant 


1983 1984 
: Quantity uantity 
Size of plant (thousand Percent (thousand Percent 
Plants  ' short of total Plants short of total 
tons) tons) 
Less than 10,000 tons 888 Ee 23 133 1 20 115 1 
10,000 to 25,000 tons 29 501 3 25 423 3 
25,000 to 50,000 tons 18 667 5 18 663 4 
50, O00 to 100,000 tons 24 1.861 12 22 1,723 11 
100, 000 to 200,000 tons ____ ________________ 27 4,131 28 19 2,769 17 
200,000 to 400,000 tons, "EP Mr 13 3,383 23 23 5, 668 36 
More than 400,000 ons — 6 4,226 28 6 4,595 29 
IJ!!! ⁵³ð ⁵ĩ EE 140 14,902 100 133 15,956 2100 
1Excludes regenerated lime. Includes Puerto Rico. 
2Data do not add to total shown because of independent rounding. 
CONSUMPTION AND USES 


Lime was consumed in every State. Lead- 
ing consuming States, in descending order, 
were Pennsylvania, Ohio, Indiana, Michi- 
gan, and Texas, each of which consumed 
more than 1 million tons. These five States 
accounted for 46% of the total lime consum- 
ed. In 1984, 24 plants in 13 States produced 
dolomitic quicklime or dead-burned dolo- 
mite, and represented about 18% of the 
lime industry. 

Lime consumption in the steel industry 
increased 3% to 5.6 million tons, and 
equaled 34% of all lime consumed in the 
United States. Increased housing and build- 
ing starts caused increases in the sales and 
use of mason’s and finishing lime, 8% and 
48%, respectively. Environmental uses of 
lime continued to increase. Lime consump- 
tion in flue gas desulfurization processes 
and effluent water cleanup increased 19%. 

Leading  quicklime-consuming States 
were Pennsylvania, Indiana, Ohio, and 
Michigan, each of which consumed more 
than 1 million tons. These four States 
accounted for 42% of the total quicklime 
consumed. | 

Leading hydrate-consuming States were 
Texas, Pennsylvania, Ohio, Louisiana, and 
Illinois, each of which consumed more than 
100,000 tons, These five States accounted 
for 49% of the total hydrate consumed. 

Lime sold or used by producers was for 
chemical and industrial uses, 88%; con- 
struction, 9%; and refractories and agricul- 
ture, 3%. Captive lime used by producers 
declined to 18% of the total. Captive lime 
was used mainly in the production of basic 
oxygen furnace (BOF) steel, 28%; alkalies, 


22%; and sugar, 20%. 

Leading individual uses for lime were for 
BOF steel, water purification, sulfur remov- 
al from stack gases, paper and pulp, and 
electric steel, which together accounted for 
57% of the total consumption. 

Of the main chemical and industrial uses, 
lime for BOF's was produced principally in 
Indiana and Illinois combined, 30%; Ohio, 
22%; and Pennsylvania, 12%. Lime for 
water purification was produced mainly in 
Missouri, 31%; Alabama, 1396; and Texas, 
10%. Lime for sulfur removal from stack 
gases was produced principally in the East- 
ern United States. Lime used for paper and 
pulp, excluding regenerated lime, was pro- 
duced mainly in Alabama, 3396; Virginia, 
16%; Tennessee, 15%; and Wisconsin, 11%. 
Lime for electric steel was produced princi- 
pally in Pennsylvania, 24%; Alabama, 15%; 
and Texas, 11%. 

Mason's lime was produced at 21 plants in 
14 States, including Puerto Rico. Leading 
States were Wisconsin, 21%, with four 
plants; Virginia, 20%, with three plants; 
Texas, 14%, with three plants; and Pennsyl- 
vania, 13%, with three plants. Finishing 
lime was produced in 12 plants in 9 States; 
the leading State was California with three 
plants. 

The use of lime in agriculture increased 
30% from its long-term decline, to about 
19,000 tons. Compared with its high of 
252,000 tons per year in 1956, it has become 
of small significance. Conversely, 21 million 
tons of less-reactive pulverized limestone 
was used for agricultural purposes in 1983. 
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Table 4.—Destination of shipments of lime sold or used by producers in the United 
States, by State! 
(Thousand short tons! 
1983 1984 
State 
Quicklime Hydrated Tota? Quicklime Hydrated Total 
Alabama JJ 367 57 424 370 54 424 
Alaska r T W W 8 (3) 2 2 
Arizona.. RENTES : 210 25 235 244 32 275 
Arkansas  .. .... A 98 36 134 78 28 106 
California . |... ss |... ....... 436 72 508 399 84 483 
Colorado. . |. . ?» 81 20 101 95 14 110 
Connectiſume 2 - i uro 33 13 46 34 10 43 
Delaware |. .  .. ............ 40 5 45 37 5 42 
District of Columbia. . ... . ...... W W 13 13 34 41 
F/ nonc neck Esth d 333 18 351 373 65 438 
Georgia un e ee coer ante : 215 14 289 213 61 274 
HA!!! 8 » 1 5 6 4 2 6 
Idaho am "IL RE E H 95 3 97 101 3 104 
Illinois MONROE z por 560 103 664 552 112 664 
Indiana "ET AS 1,512 41 1,553 1,520 41 1,562 
Iowa |. .. = „ 62 17 79 73 18 91 
Kansas KENDE Bey a a ca es 64 l5 19 65 16 81 
Kentucky .. . n x zoe E 457 22 479 471 19 490 
Louisiana . | | ... Y PEERS 166 100 265 238 127 365 
;!fĩ˙ ⅛ ³ A ⅛ꝛ˙m ee 8 11 1 13 15 1 16 
, oe Roses s 262 18 280 241 20 261 
Massachuse tes ecu 65 12 77 67 14 80 
Mens eR bss 993 29 1,022 1,165 32 1,197 
Minnesota 181 16 198 190 19 209 
Mississipptrtrtr1l 1 96 32 129 117 28 146 
fr onim ies ce EUR. ec Ln 148 35 183 148 40 188 
Montana- sags... elo hee 62 10 72 62 11 73 
Nebraska — b 51 6 57 66 5 71 
Nevada ôõö;ð—:ũ ß K ERE 50 6 56 72 8 80 
New Hampshire W W 3 3 1 3 
New qere 106 40 147 126 61 186 
New Mexico : 62 19 81 25 28 53 
New Vork — 607 40 647 631 45 676 
North Carolina. _________________. 170 23 193 192 24 216 
North Dakota LEADER 81 8 88 103 11 114 
HH ùõ³¹¹ißꝛẽ²A⁊˙ ů² ũv.r Z c ar tes 1.470 110 1.580 1.483 135 1.618 
Ge. eee mmm 88 15 103 91 12 104 
Oregon- gs o 87 8 95 128 15 143 
Pennsylvaniagngngng — 1.469 195 1,664 1.601 234 1.835 
Rhode Island ___________.____.___ 5 2 7 5 2 6 
South Carolina. 88 15 103 109 14 123 
South Dakota 61 16 77 12 9 21 
Tennessee 122 53 174 188 77 265 
J ld cA ⁵ĩV2ß ³ 8 586 515 1.101 624 548 1.172 
o cu Guerre uS Lies 240 11 251 210 11 281 
Vernon ecce EAE ee W W W (3) 1 1 
MIEBIDIS oe oak 88 110 14 183 95 55 150 
Washingtonnnn 222 16 238 262 14 276 
West Virginii aaa 386 29 415 490 26 516 
Wisconns EE 109 45 154 93 48 141 
Wyoming gs 8 51 18 69 43 15 58 
%)) ³ꝛ¹¹¹ ͤ⁰ ee 13 36 25 1 24 25 
DotA L 12.782 2.079 14,861 13,598 2,314 15,912 
Exports: 

Canale coe 16 7 23 18 7 25 
MeXiCU ore m ³ A eee (3) E (3) m o ^ 
Other countries. 3 14 17 4 15 19 
f aedes f cee 19 21 40 22 22 44 
Grand totalsC?vkv!ultfkdh .. ..... 12,801 2.100 14.902 13,620 2.336 15,956 


W Withheld to avoid disclosing company proprietary data; included with Other. 
1Excludes regenerated lime. Includes Puerto Rico. 
2Data may not add to totals shown because of independent rounding. 


Less than 1/2 unit. 


“Includes Puerto Rico. possessions, and States indicated by symbol W. 
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Table 5.—Lime sold or used by producers in the United States, by use! 


(Thousand short tons and thousand dollars) 
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1983 
Use 
Sold Used Total? Value Sold Used Total? Value 
Agriculture 61 61 3,246 79 nut 19 4,848 
Construction: 
Road stabilization. | .. . 592 — 592 33,384 608 — 608 33,499 
Soil stabilization 215 215 12,660 243 : 243 13,625 
Finishing line ee 160 m 160 13,243 236 e 236 20,424 
Masons line W W 218 14,166 W W 235 14,894 
Other?! "MONIS 17 17 1,216 56 ae 56 3,299 
Total? |.  .. ... W W 1,201 74,668 W W 1,379 85,741 
Chemical and industrial: 
Steel, BOF /f. 3,461 832 4,293 193,552 3,593 797 4,390 202,015 
Water purification 5 W W 1,488 16,932 W W 1,401 11,978 
Sulfur removal from stack 
gases 1.019 SN 1,019 50,817 1,213 nae 1,213 56,371 
Paper and pull: W W 916 44,619 W W 1,135 53,811 
Steel, electric. . . |... W W 808 38,937 W W 929 44,167 
Sewage treatment W W 578 31.847 W W 669 36,901 
Alkalies VHS W W 560 26,852 W W 647 31,657 
Sugar refiningg 43 523 566 38,320 44 573 617 41,869 
Magnesia from seawater or 
brine ...  ...... W W 551 27,084 W W 564 27,586 
Copper ore concentration W W 390 19,529 W W 361 18,288 
Acid water, mine or plant . W W 268 14,365 W W 210 14,507 
Steel, open- heartngn W W 292 13,265 W W 256 11.043 
Calcium carb ide W W 209 9,416 W W 226 9,736 
Magnesium metal W W 171 10,707 W W 192 12, 141 
Aluminum and bauxite_ _ _ W W 203 11,423 156 — 156 8,261 
Precipitated calcium car- | 
bon ate W W 128 9,046 W W 131 9,118 
Glass A» Ane 156 és 156 6,947 128 E 128 6,172 
Ore concentration, other 80 p 80 3,963 71 : 11 3,606 
Oil and grease |. . | . 22 E 52 3,166 50 m 50 3,049 
Petrochemicalss W W W W "s W 
Food products, animal or 
human m 35 Rae 35 2,255 39 " 39 2,265 
Citric acid - nean T 20 20 1.337 37 37 866 
Tann ing 20 ze 20 1,246 30 EN 30 1,668 
Petroleum refining  ... 26 a 26 1,308 29 om 29 1,452 
Fertilizer |... 5 D 5 456 23 - 23 1,190 
Oil well drilling 30 —- 30 2,113 16 ne 16 1,092 
Calcium silicate  . | |. W — W W 11 ES 11 599 
Metallurgy, other 11 "m 11 492 11 M 11 505 
Gelatin aaa 5 Aes 5 311 5 8 5 320 
Brick, sand- line 4 4 220 4 (4) 5 274 
Fill! 8 2 d 2 161 2 aa | 2 163 
Other® . .| | |  ... 5,569 1,328 329 18,442 5,189 1,389 . 391 23,063 
Total??? 10,518 2,103 13,221 659,128 11,252 2.759 14.011 695,733 
Refractory dolomite _ W W 418 24,454 W W 487 29,391 
Grand totals??̃?̃˖ 12,118 2,184 14,902 761,496 13,099 2,858 15,956 815,714 


W Withheld to avoid disclosing company proprietary data. 

1Excludes regenerated lime. Includes Puerto Rico. 

2Data may not add to totals shown because of independent rounding. 

3Includes asphalt antistripping. 

*Less than 1/2 unit. 

Includes briquetting, brokers, chrome, coke and gas (1983), commercial hydrators, desiccants, explosives, ferroalloys, 
fiberglass, glue, insecticides, ladle desulfurizing, manganese, other uses, pelletizing, pharmaceuticals, rubber, silica brick, 
soap, starfish control, wire drawing, and uses indicated by symbol W in "Chemical and industrial” lime only. 


PRICES 


construction lime. 

Values for quicklime sold ranged from 
$45.92 for chemical lime to $50.92 for con- 
struction lime, $51.07 for lime used in agri- 
culture, and $61.14 for refractory dead- 
burned dolomite, and averaged $46.72, a 
slight decrease. 


The average value of lime sold or used by 
producers in 1984 remained virtually the 
same at $51.12 per ton, an increase of 132% 
over the 1974 price. Values ranged from 
$49.65 for chemical and industrial lime to 
$60.40 for refractory dolomite, $61.03 for 
lime used in agriculture, and $62.19 for 


602 


Values for hydrated lime sold ranged 
from $64.98 for chemical lime to $66.36 for 
construction lime and $70.39 for lime used 
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in agriculture, and averaged $65.69, a slight 
decrease. 


FOREIGN TRADE 


Exports of lime decreased 12% to 24,700 
tons, 64% below the 1968 record high. Of 


Table 6.—U.S. exports of lime 


the total exports, Canada received 82%; Quantity „Value 
Mexico, 5%; and Guyana, 3%. The remain- DAON TOR; eN 
ing 10% went to 28 countries. 1981. 28,429 $3,996 
Imports, principally from Canada, 71%, 1982. -------------- 22,541 3,199 
id 1983 DC 28,154 4,815 
and Mexico, 29%, were 247,500 tons, a 1984 AK 24.714 6,805 
decrease of 120%. Import reliance, expressed 
as a percentage of apparent consumption, 
shipments minus net imports, was 1%. 
Table 7.—U.S. imports for consumption of lime 
Hydrated lime Other lime Total 
Quantity Value Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) (short tons) (thousands) 
1981 D. " "——— 65,717 $3,471 438,623 $18,092 504,340 $21,563 
/ m Mcd 60,108 3,305 288,266 13,503 348,314 16,808 
1983 CCC 58,811 3,431 223,752 11.345 282,063 14,776 
UF 59,906 3,669 187.579 9.722 247,484 13,891 


WORLD REVIEW 


Austria.—Commercial sales of lime were 
720,000 tons in 1983 with a value of $40 
million, a 9% increase in value compared 
with that of 1982. This increase was caused 
by a shift to higher grade products. Princi- 
pal end uses were iron and steel, 50%; 
construction, 45%; and agriculture, 5%. 
Principal fuel was heavy oil or natural gas, 
with very little coal utilization because of 
specification limitations of carbon and ash 
residue. 

Bahrain. —A gas-fired rotary lime kiln 
and hydrating plant was installed by the 
Arab Iron & Steel Co. with a capacity of 400 
tons per day. Used in a 4. million-ton- per- 
year iron ore pelletizing plant, the hydrated 
lime was added at a rate of 296 to the finely 
ground iron ore concentrate as a binder 
prior to pelletization.* 

Belgium.—Production of lime in 1983 was 
2.3 million tons, a slight increase compared 
with that of 1982. End uses were iron and 
steel, 34%; chemicals, 4%; construction, 
3%; others, including agriculture, 5%; and 
exports, 5490.5 


Denmark.—Commercial sales of lime in 
1983 were 120,000 tons, of which 13% was 
hydrated lime. Principal end uses included . 
iron and steel, 25%; building materials, 
21%; masonry lime and mortar, 19%; sew- 
age treatment, 10%; other, 18%; and ex- 
ports, 1396.5 

Finland.—Commercial sales of lime in 
1983 were 253,000 tons. End uses included 
pulp and paper, 32%; sand-lime brick, 19%; 
water treatment, 18%; iron and steel, 15%; 
nonferrous metallurgy, 11%; and other, 
506.7 

France.—Lime production fell for the 
fifth consecutive year to 3.3 million tons in 
1983, a 24% decrease since 1979. The iron 
and steel industry was principally responsi- 
ble for this trend, as its consumption of lime 
had fallen by 32% in the last 5 years, but 
still represented almost 55% of total con- 
sumption. Major end uses in 1983 were iron 
and steel, 46%; construction, 12%; agricul- 
ture, 8%; nonferrous metallurgy and chemi- 
cals, 7% each; other, 11%; and exports, 995.3 

Germany, Federal Republic of.—Almost 


LIME 


1.2 million tons of lime was produced in the 
Federal Republic of Germany in 1984. In 
1983, major end uses were iron and steel, 
32%; sand-lime brick, 15%; construction, 
19%; environmental, 9%; agriculture, 7%; 
and exports, 6%. Quicklime sales were only 
slightly improved in 1984. Structural 
changes in the West German lime industry 
included increased conversions from oil and 
gas to powdered brown coal; mergers with 
large companies in the crushed stone and 
sand and gravel industries, including pre- 
fabricated dry mortar plants; and diversi- 
fied sales, including both calcined and un- 
calcined products.? 

Italy.—Production of lime in Italy was 6.7 
million tons in 1983. End uses were con- 
struction, including hydraulic lime, 48%; 
iron and steel, 16%; chemicals, 15%; envi- 
ronmental, 10%; other industrial, 8%; and 
agriculture, 396.10 

Japan.—Production of lime in Japan was 
11.2 million tons in 1983, 18% of which was 
hydrated lime. End uses consisted of iron 
and steel, 56%; chemicals, 24%; environ- 
mental, 7%; construction and building ma- 
terials, 6%; agriculture, 4%; and other, 3%. 
Demand for burnt lime in 1983 declined by 
5% from that of 1982, mainly owing to the 
drop of 7% in shipments to the steel indus- 
try and 4% to the chemical industry. In 
steelmaking, the BOF operators are shifting 
to a new method, which resulted in average 
consumption of burnt lime per ton of crude 
steel decreasing from 83 pounds in 1983 to 
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79 pounds in 1984.11 

Netherlands.—Sales of lime in the Neth- 
erlands was 700,000 in 1983. Principal end 
uses consisted of industrial, including iron 
and steel, 47%; sand-lime brick and other 
construction materials, 37%; mortar and 
plaster, 14%; agriculture, 1%; and exports, 
175.12 

South Africa, Republic of.— Sales of lime 
for 1983 totaled 2.2 million tons, 14% below 
the 1982 level. The reduction was due to the 
depressed conditions in the steel and non- 
ferrous metal industries. Utilization of lime 
plant capacity was about 60%, and the 
larger producers placed their older less- 
efficient kilns on standby. Principal end 
uses were nonferrous metal industry, 41%; 
iron and steel, 26%; calcium carbide, 13%; 
construction, 8%; and other, 12%." 

Spain.—Commercial sales of lime in 
Spain in 1983 were 560,000 tons. End uses 
consisted of iron and steel, 51%; paper and 
pulp, 22%; construction, 19%; environ- 
mental, 6%; and other, 2%." 

Sweden.—Commercial sales of lime in 
Sweden in 1983 were 406,000 tons. End-use 
patterns consisted of iron and steel, 46%; 
cellulose, 19%; water treatment, 9%; chemi- 
cals, 6%; and other, 2092.15 

Zambia.—The Ndola Lime Co. has initi- 
ated construction of a $15 million, 1,000-ton- 
per-day vertical lime kiln. The new kiln, 
which will treble present quicklime produc- 
tion, will produce lime for the tailings leach 
plant at the Nchanga Div.!“ 


Table 8.—Quicklime and hydrated lime, including dead-burned dolomite: World 
production, by country! 


(Thousand short tons! 


Country? 1980 1981 1982 1983P 1984* 

Algeria |. 22 — 3 TIS 45 45 45 45 45 
Australia? kek . ... 3.3 75 S 1937 1964 1.045 1.047 1.100 
%%%! ³ uc ͥ ͥͥ0ͥ0— im ³ 1,108 1,140 1,132 1,257 1,270 
Belgium 12.748 12.372 1,683 1,951 41,786 
Ff Tr. ene AAA ee pe teria 5,300 5,500 5,500 5,500 3,500 
Bulgaria % ͤ ( p RUNE Mp - " 12,037 1,938 1,958 1,801 1,870 
Burundi- -- -222222222 5 m Ed (5) (5) (5) (5) (5) 
(Canada ue mus li ee uui 8 n" 2,815 2,816 2,422 2,460 2,510 
Chile |...  ........ V 858 714 711 797 770 
Colombia r PS PIN - 1,430 1,430 1,430 1,430 1,430 
CostaRicatf. = == . .. 2020.2. - im 8 8 110 111 11 
§J);;öð;é⁵᷑ò »u PCR RECEN 161 154 160 e160 165 
Cyprus . ---------- "— " = 15 12 11 9 9 
Czechoslovakia —!—t᷑ 3.327 3.565 3.404 3417 43,436 
Denmark EE ME 187 215 109 119 4141 
Dominican Republic) PM MC 8 444 44 44 44 44 
Ff! ha Stee, dd ug f week sn 97 101 *105 103 107 
Fiji Islands |... . ... ... eee. 2 75 4 e3 3 
Finland .. .... me NORMEN 432 422 396 379 390 
Fran nde r Bede oa des 3,979 3,710 3,300 3,247 3,300 
German Democratic Republic CU pete eee 3,749 3,793 3,869 3,812 3,900 
Germany, Federal Republic of "T — 9,453 8.726 7.604 7.574 1,900 


See footnotes at end of table. 
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Table 8.—Quicklime and hydrated lime, including dead-burned dolomite: World 
production, by country! —Continued 


(Thousand short tons) 


Table includes data available through June 18, 1985. 


Country? 1980 1981 1982 1983P 1984* 
Guatemala_______________.______________._.- f 39 27 e21 e27 26 
,,, eee. ß eee oo 769 834 931 906 *895 
Wnt ec ˙i—i:˙ Se ⁰˙¹wrwmm Rs E 440 440 440 440 440 
// ³01w¹mAĩ«ĩ ]ʃ) “ ñ ⁰y y eget oa 550 550 600 700 700 
FFJJlhööw˙³ ³Ü¹A 35 51 51 e50 e50 
ö. ²]¹ AA oe Ss eas tate ß €137 88 e55 45 55 
[LIP AEE ei ee 2,606 2,543 2,389 2,228 2,300 
Jamaica ...  . 2 ẽ ñ uoo 175 146 126 134 130 
P AI ben iue 10,307 8,848 8,573 8,197 18,547 
r; ³ꝛmww NNUS, Bee E Ei sd e e4 22 66 294 300 
Kenya__________- SJ oS ended, K-ͤ˙ůu⁴̈ͥ . 29 30 24 38 39 
Korea, Republic olf „ 4232 220 220 220 220 
Kuwait Jͤ ET 20 24 11 res 17 
ͤ;Ü—’¹b A a eA ll Stn ee De 132 67 *55 r e22 11 
//%/ô[% E ERE Seca ie, 8 254 259 248 287 287 
Malawi ne oan sear chante Bs oe a eee eee aL 8 » e 2 3 3 
Ä§;ĩðtã⁵&¹¹V!k.k.k.ʒ ROMPE 17 7 8 6 6 
Martinique? e — e 46 6 6 6 
Mauritius Lll 8 8 8 8 8 
Mexico %% ⁵ĩð2 8 4,195 4.960 €4,400 €4,000 4,400 
Mongolia .. 22222222222222 55 55 65 70 72 
Mozambique® Eta eerte KERETE E SET E E L es ha og 8 11 11 11 11 11 
Nepal 2.5 oeaan ae d ee ee eee ae eae 11 ell *11 “11 48 
New Zealand? . . . |. — "DRM 190 190 190 180 165 
N11 eue dons p qm 44 33 T6 45 3 
Norway? cuisse oe apn ge Sag 0 eet Poh IR aM Et 145 145 145 145 145 
F oo et ee eee eee eee aie r54 63 59 81 494 

)))) ³5Ü˙¹1i˙i.]i.... ͥͥ ³⅛·m³ A ³ ³ A fe, ees, home (5) 3T *40 *40 40. 
Philippines ae 96 94 73 56 65. 
Poland _._._______ ....... ue eos + 5.324 4.607 4,416 4,640 4,600 
Fh Led ASS le Seek uruse 298 287 276 *250 220 
REE! manu etie ELE 4,203 4,125 4,180 3,994 4,100: 
Saudi Arabia . . ________________________- me 165 190 220 110 11 
South Africa, Republic of (sale) SN 2,407 2,380 2,232 2,085 42,325 
ö ñĩÜ¹ ed T ces E a ĩ aS 1,047 1,158 *1,200 *1,100 1,100 
Sweden 77ͤͤͤ 8 820 708 640 661 660 
Switzerland ___ .________ Sa Ses ee hae ee eget ee eas tus 71 63 51 *50 45 
//ö%;˙O ⁵ð 8 Toe 219 158 120 145 *130 
OD AE To T T 43 3 
P ⁵˙¹¹ eee sl r: vy iy pas ices Saeed ng 583 514 r €550 640 660 
/] sev e E a ͤGyß ĩV-m ͤ EEUU. a ae 1,100 1,000 1,000 1,100 1,100 
/ ³ðVA es ee 17 17 17 17 17 
USSR -eane « ¼ yy 8 131,306 731,306 31,636 32,518 33,100 

United Arab Emirates? _________________________ 449 45 45 50 50 
United Kingdom ____________________-_._____- 43.285 3,310 3,310 3,310 3,400 
United States including Puerto Rico (sold or used by producers) 19,037 18,890 14,112 14,902 ‘115,956 
UFPUgUBy ono Sh iret Shee eh 22 *55 15 11 11 
Venezuela — c oreet uei NA 2 2 £2 2 
0 ca batts Ba Se Ne Be ee chars Be 2,628 2,826 2,657 1 ©2,750 2,200 
J)) ]⁵² PORTE CO 125 136 114 *115 120 
Zambia ZS ĩð»/ recreate 201 221 204 213 4256 
1J/e%d%ĩͥͤ ³˙ð www.. ³ 132.791 7129,448 120.846 121,947 124,796 

Estimated. Preliminary. Revised. NA Not available. 


Lime is produced in many other countries besides those listed. Argentina, China, Iraq, Pakistan, and Syria are among 


the more important countries for which official data are not available. 
Data are for years ending June 30 of that stated. 
*Reported figure. 
5Less than 1/2 unit. 


TECHNOLOGY 


Lime sold for sulfur removal in flue gas 
desulfurization (FGD) systems of coal- 
burning powerplants in the United States 
was 1.2 million tons. It is estimated that 
almost 2.0 million tons of pulverized lime- 
Stone was used for the same purpose. Linear 
regression analysis of 1975-84 lime data 


indicated a growth rate of over 40%. A 
similar analysis of pulverized limestone for 
1976-84, a principal competitor for this use, 
indicated a growth rate of about 10%. A 
mathematical model, using a variable of 
legislative acid rain passage and effective 
implementation, indicated that additional 


LIME 


demand in 1992 could be about 9 million 
tons for lime or about 21 million tons for 
limestone, but that the use of FGD alone 
will probably not achieve the required low- 
ering in sulfur dioxide emissions. Alterna- 
tive methods might include mandatory 
scrubbing requirements, financial subsidies, 
and direct financial aid. 

Pressure injection grouting of lime slurry 
has been utilized for more than 20 years in 
civil engineering applications. Recently, the 
addition of fly ash to the slurry has made it 
economically possible to grout nonreactive 
natural and fill areas, for stabilizing 
landfills to support construction of build- 
ings and parking lots, and for repair and 
renovation of existing buildings and park- 
ing lots. The ready availability of an inex- 
pensive supply of fly ash and the develop- 
ment of new equipment and procedures 
indicated favorable economics. The method 
utilized hydraulically pushed grout probes 
rather than predrilled grout holes, and is 
usually faster and cheaper than the older 
stationary grout pipe methods.'* 


1Physical scientist, Division of Industrial Minerals. 

?Bagli, C. V. $100 Million Plant Will Rise From Floor of 
oo Mine. Hernando Tribune (Brookville). Jan. 23, 

3International Lime Association (Paris, France). Situa- 
tion of the Austrian Lime Industry in 1983. Report to the 
International Lime Association. Aug. 23, 1984, 1 pp.; 
078 from J. W. Pressler, Bureau of Mines, Washing- 
ton, 


605 


*Skillings' Mining Review. Aisco Starting Up New Iron 
Ore Pellet Plant in Bahrain To Supply Direct Reduction 
Facilities Throughout World. V. 74, No. 2, Jan. 12, 1985, 
pp. 26-31. 

5Wouters, E. State of the Belgian Lime, Limestone and 
Dolomite Sectors. 1983 Report to the International Lime 
Association. Paris, France, Aug. 23, 1984, 4 pp.; available 
from J. W. Pressler, Bureau of Mines, Washington, DC. 

SInternational Lime Association (Paris, France), Sales of 
Burnt Products of Lime and Dolomite in 1983. Report to 
the International Lime Association. Aug. 23, 1984, 2 pp.; 
available from J. W. Pressler, Bureau of Mines, Washing- 
ton, : 
1Work cited in footnote 6. 

8International Lime Association (Paris, France). Situa- 
tion in the French Lime 8 Report to the Interna- 
tional Lime Association. Sept. 21, 1984, 2 pp.; available 
from J. W. Pressler, Bureau of Mines, Washington, 

9. ———. Situation in the German Lime Industry— 
Autumn 1984. Report to the International Lime Associa- 
tion. Dec. 9, 1984, 3 pp.; available from J. W. Pressler, 
Bureau of Mines, Washington, 

10Work cited in footnote 6. 

11International Lime Association (Paris, France). Pres- 
ent Situation and Outlook of Lime Industry in Japan. 
Report to the International Lime Association. Dec. 1984, 
3 pp.; available from J. W. Pressler, Bureau of Mines, 
Washington, DC. 

12Work cited in footnote 6. 

3 International Lime Association (Paris, France). Report 
on the South African Lime Industry for 1983. Steering 
Committee Meeting (Tokyo, Japan, Sept. 5, 1984), Internat. 
Lime Assoc., 1984, 2 pp.; available from J. W. Pressler, 
Bureau of Mines, Washington, DC. 

14 — ——. Sales of Burnt Products of Spanish Limestone 
and Dolomite in 1983. Report to the International Lime 
Association. Dec. 1984, 1 p.; available from J. W. Pressler, 
Bureau of Mines, Washington, DC 

15 Work cited in footnote 6. 

léIndustrial Minerals (London). Company News & Min- 
eral Notes. No. 210, Mar. 1985, p. 79. 

17Bhagwat, S. B. The Lime and Limestone Market for 
Sulfur Removal: Potential for 1992. IL Dep. Energy and 
Nat. Res., IL Miner. Note 90, 1985, 13 pp. 

18Blacklock, J. R., R. C. Joshi, and P. J. Wright. Pressure 
Injection Grouting of Landfills. Reprinted from Public 
Works, May 1984, 3 pp.; available from J. W. Pressler, 
Bureau of Mines, Washington, DC. 
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Lithium 


By John E. Ferrell' 


As the world's largest producer and con- 
sumer of lithium minerals and chemicals, 
the United States remained self-sufficient 
in this commodity and was the world's 
largest exporter. The two U.S. producers 
reported increased lithium sales, reflecting 
increased demand for lithium products.? 
U.S. exports, imports, and apparent con- 
sumption increased for 1984. With the open- 
ing of a new plant in Chile and an increase 
in capacity at a plant in Australia, the 
estimated rest-of-world production increas- 
ed by about 27%. Major consumers of lithi- 
um were the aluminum, ceramics and glass, 
grease, and synthetic rubber industries. 


These markets were closely aligned with 
the construction and automotive industries. 
Consumption of lithium in aluminum- 
lithium alloys and lithium primary and 
rechargeable batteries was small but in- 
creasing. 

Domestie Data dere Donati pro- 
duction data for lithium are developed by 
the Bureau of Mines from a voluntary 
survey of U.S. operations. Of the two oper- 
ations to which a survey request was sent, 
both responded, representing 100% of total 
production. However, production and stock 
data were withheld from publication to 
avoid disclosing company proprietary data. 


Table 1.—Salient lithium statistics 
(Short tons of contained lithium) 


United States: 
Production! 


Imports? 
Shipments of Government stockpile surplus? 


Producers stock change:? 


-e ap ae me ao «o — — — m e — — p — —— o —— — o — — — — 


1980 1981 1982 1983 1984 
eer ae W W W W W 
UR W W W W W 
oe 90 150 30 35 90 
m E ie 2 1 1 
Sweets 76,400 "6,900 5,000 6,000 6,600 
EN 5,500 5,800 4,300 4,800 6. 100 
ee 2,500 2,600 2,800 2,600 2,900 
oe W W W W W 
n 3000 3,200 2,000 2,200 3,200 
binc: "2800 2.800 2.600 72,600 3,300 


*Estimated. 
Mineral concentrate and carbonate. 
Compounds, concentrate, ores, and metal. 
Lithium hydroxide monohydrate. 
*Production plus inventory decrease. 


"Revised. W Withheld to avoid disclosing company proprietary data. 


5Based primarily on monitoring at the carbonate stage and assuming a 15% lithium loss during conversion of 


concentrate to chemicals. 
mpounds. 


Legislation and Government Pro- 
grams.— The General Services Administra- 
tion (GSA) reported two sales of lithium 
hydroxide monohydrate (LiOH*H;O) from 
excess stocks in the National Defense Stock- 
pile. The sales totaled 8 short tons of mate- 
rial depleted of lithium 6: 4 tons at a price of 


$1.43 and 4 tons at $1.58 per pound. GSA 
reported stocks were 15,885 pounds of virgin 
material and 39,971 tons of depleted materi- 
al that may contain 8 to 9 parts per million 
of mercury. This material was excess from a 
nuclear weapons program. 
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DOMESTIC PRODUCTION 


Two companies continued to produce lith- 
ium products in the United States. Foote 
Mineral Co., 87.5% owned by Newmont 
Mining Corp., produced lithium ore from 
pegmatite dikes in North Carolina and 
lithium compounds from subsurface brines 
in Nevada. Lithium Corp. of America (Lith- 
co), owned by Gulf Resources & Chemical 
Corp. produced lithium from pegmatite 
dikes in North Carolina. | 

Foote Mineral reported total domestic 
production of 13,126 tons of lithium carbon- 
ate (Li: CO,) equivalent, or 2,468 tons of 
contained lithium, an increase of about 11% 
from 1983 production. Foote Mineral report- 
ed production of 6,998 tons of Li;CO; equiva- 
lent, or 1,316 tons of contained lithium, 
from the Nevada plant and 6,127 tons of 
Li;CO; equivalent, or 1,152 tons of contain- 
ed lithium, from the North Carolina plant.* 
This was the first year that Foote Mineral 
reported a higher Li;CO; production level at 
the company's Nevada plant than at its 


North Carolina plant. Foote Mineral's an- 
nual rated plant capacity remained at 
17,000 tons of Li;CO; equivalent. Down- 
stream lithium chemicals were produced 
in Frazer, PA; Sunbright, VA; and New 
Johnsville, TN. During the year, Foote Min- 
eral upgraded its lithium chloride (LiCl) 
production facility at Frazer. 

Lithco reported production of 16,162 tons 
of Li: CO; equivalent, or 3,038 tons of con- 
tained lithium, a 13% increase from that of 
1983. Contributions to earnings from lithi- 
um operations rose more than 23%. Lithco's 
enhanced financial performance was made 
possible chiefly by decreased operating costs 
associated with increased production. Lith- 
co reported that 49% of the company's sales 
was to foreign customers. The rated annual 
mill capacity of Lithco's North Carolina 
plant was 18,000 tons of Li: CO; equivalent. 
Lithco offered a full line of lithium chemi- 
cals, metal, and related products from its 
facility near Bessemer City, NC. 


CONSUMPTION AND USES 


Because of their unique chemical and 
physical properties, lithium chemicals and 


metal were used for a wide variety of pur- 


poses. Li: CO, was also used as the feedstock 
material for most of the other lithium 
compounds. The addition of Li: CO, to the 
cryolite bath in aluminum potlines was the 
largest end use for lithium. Li,COs, after 
conversion to lithium fluoride, decreases 
the melting point of the bath, thereby 
allowing a lower operating pot temperature, 
as well as increasing the electrical con- 
ductivity of the bath. These changes allow 
the potline operator more flexibility to ei- 
ther increase production, reduce power con- 
sumption, or increase current efficiency.* 
Lithium consumption in the glass and 
ceramics industries was second only to that 
in the aluminum industry. As an additive in 
glass and ceramics, lithium reduces melting 
temperatures, reduces the thermal expan- 
sion coefficient, and replaces toxic com- 
pounds. The largest single ceramic use was 
in the manufacture of thermal-shock- 
resistant cookware, of which low-iron spod- 
umene concentrate, a source of lithia and 
alumina, was a major component. Lithium 
minerals such as spodumene were also used 
in the manufacture of black-and-white tele- 
vision picture tubes and foam glass insula- 
tion. Lithium in the form of lithia (Li;O), 


usually obtained from lithium carbonate, 
was used as a flux for various types of 


glazes. For example, in chinaware glazes, 


the addition of 0.5% Li,O usually improves 
the fluidity of the glass, thereby producing 
greater uniformity and a higher gloss.“ Li;O 
was also used in the production of photo- 
chromic lenses, ceramic cooking counter- 
tops, and sealed-beam headlights. . 

The third major use of lithium was in the 
manufacture of multipurpose  greases. 
Lithium-based greases have a high dropping 
point, sometimes called the melting point, 
at 390° F, and offer very good water resis- 
tance. Therefore, they work well under a 
wide range of temperatures and were used 
extensively in military, industrial, automo- 
tive, aircraft, and marine applications. 

Complex lithium greases, which were con- 
sumed in smaller quantities, contain more 
lithium than the multipurpose lithium 
greases. They also have greater water re- 
sistance and a dropping point above 400° F. 
These properties give the complex lithium 
greases a very long service life under severe 
temperature and atmospheric conditions 
such as those encountered by bearings in 
oven rollers, dryer rollers, induced draught 
fans, rotary steam joints, and lubricated-for- 
life bearings. 

Aluminum-lithium alloys for the aero- 
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space industry were available in limited 
sizes and quantities for testing purposes. 
These alloys contained 2% to 3% lithium 
and compared with conventional aluminum 
alloys, offered lower density, higher elastic 
modulus, and excellent corrosion resistance. 
Aluminum Co. of America (Alcoa), British 
'Alcan Aluminium Ltd. (United Kingdom), 
and Pechiney (France) were each develop- 
ing production facilities in their countries 
for ingot casting of these alloys. 

Primary lithium batteries were finding 
niches in the battery marketplace where 
their intrinsic properties of low density, 
working well under extreme temperatures, 
and long shelf life made them attractive 
and cost effective. Some of the battery 
applications included computer memory 
backup, heart pacemakers, watches, cam- 
eras, and calculators. Growth in the use of 
lithium batteries had been bolstered by 
their military applications. Lithium-thionyl 
chloride batteries were added to the silos of 
the U.S. Air Force's Minuteman Intercon- 
tinental Ballistic Missile Program and were 
expected to be used as a backup power 
supply for the new Peacekeeper missile 
system. A U.S. Army representative report- 
ed that the Army ordered 590,000 lithium 
batteries in fiscal year 1984 compared with 
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only 7,031 in fiscal year 1977. 

Moli Energy Ltd., Ontario, Canada, intro- 
duced a rechargeable lithium-molybdenum 
disulfide battery in AA and C sizes. These 
cells, with their excellent charge retention 
characteristics, had potential to compete in 
the marketplace with other rechargeable 
systems such as nickel-cadmium batteries. 

Lithium bromide and LiCl, because of 
their great affinity for water, were used in 
industrial absorption-type air conditioning 
and dehumidification systems. Anhydrous 
LiCl was also used as the feedstock material 
to prepare lithium metal. 

Small quantities of lithium were con- 
sumed in the form of butyllithium, which 
was a catalyst in synthetic rubber produc- 
tion, and as lithium hypochlorite, which 
was a sanitizing agent in the food process- 
ing and bottling industries, as well as in 
swimming pools. 

Other small consumption but important 
lithium end uses included Li;CO; prescribed 
for treatment of manic-depressive mental 
disorder, lithium hydride as a source of 
hydrogen for emergency balloons, lithium 
acetate dihydrate as an ester interchange 
catalyst in polyester production, and lithi- 
um metal as a gas scavenger in copper and 
copper alloy melts. 


PRICES 


Most lithium material prices increased 
moderately during the year, although many 


of these increases were made near yearend. 


Table 2.—Domestic yearend producers' prices of lithium and lithium compounds 
(Dollars per pound) 


Lithium bromide, 54% brine: 2,268-pound lots, delivered in drums 
Lithium carbonate, technical: Truckload lots, delivered 
Lithium chloride, anhydrous, technical: Truckload lots, delivered 
Lithium fluoride -----------------------——- 
Lithium hydroxide monohydrate: Truckload lots, delivered - 
Lithium metal ingot, battery-grade: 1,000-pound lots, f.o.b _ _ 


Lithium metal ingot, standard-grade: 1,000-pound lots, f.o.b 


Lithium sulfate, anhydrous - s 
N-butyllithium in n-hexane (15%): 3,000-pound lots, delivered 


TRevised. 


1983 1984 

papier cu A tu y ae 3.79 4.06 
) su c uc ĩ LEE ET 1.48 1.54 
—— —M———— M 8 3.15 3.32 

A SEE E E CEREREM RR ORT CRM BE 4.12 4.90 
md t cR 8 1.98 1.93 
——— — ³ Ä 8 731.00 32.50 
JJ) 88 21.70 22.70 
JJ“; ÁO 12.64 3.09 
2722 òAVUil(iñèꝓĩñß Ya ee 13.39 14.75 


FOREIGN TRADE 


U.S. exports of lithium hydroxide increas- 
ed 43%, and exports of other lithium com- 
pounds increased 27%; however, Li;CO; ex- 
ports remained at about 1983 levels. The 
small increase in Li;CO; exports, compared 
with that of the other two export categories, 


was probably due to the influx of Chilean 
Li;CO; onto the world market. The Federal 
Republic of Germany and Japan were the 
leading importers of U.S.-produced Li;CO;; 
Japan and the Federal Republic of Ger- 
many, of lithium hydroxide; and the United 
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Kingdom, of other lithium compounds. A 
major foreign consumer of other lithium 
compounds was Lithco's British subsidiary, 
which produced lithium specialty products 
and lithium metal. 

Following the opening of its Li;CO; plant 
at midyear, Chile became the leading ex- 
porter of lithium compounds to the United 
States, and U.S. imports increased signifi- 
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cantly. Imports of lithium compounds from 
China, the leading U.S. supplier in 1983, 
declined sharply in 1984. Part of this de- 
cline may be attributed to Lithco's an- 
nouncement that it had terminated distri- 
bution of Chinese LiOH*H,O.* Total im- 
ports of spodumene concentrate from Aus- 
tralia increased, although the tonnage was 
small. 


Table 3.—U.S. exports of lithium chemicals, by compound and country 


See footnotes at end of table. 


1983 1984 
Compound and count ross G 
po id weight Value weight Value 
(pounds) (pounds) 
Lithium carbonate: 
Argentina ---------------------------—-—-—— 262,587 $377,817 57,200 730 
J7;ö;»ĩõĩé r m i EE F 686,852 1,113,583 83,039 114,949 
Canada Lorum neuere 8 1,890,333 2,889,872 1,238,183 1,941,641 
Germany, Federal Republic of __ ----------------- 6,204,129 1,429,436 8,819,070 10,954, 569 
FT «Sea a ls e ĩð-ͤ k y ⁊ K k Du D E 4,510,594 6,064,719 4,691,902 6,803,817 
Korea, Republic of ____________---_--_------- 55,836 75, 348 154,822 216,578 
7 oa ee u ⁊ v 297,602 483,095 431,520 633,692 
Netherlands eee 950,738 1,199,088 132,000 174,240 
South Africa, Republic of PU PES 8 81,125 109,121 46,205 69,180 
JJ ⁰ —¹ w - O E E E EE Ee 578,414 194,809 139,592 219,464 
United Arab Emirates ri 264,022 ,108 
United Kingdom -------------------------——- 88, 609 204,159 154,01 213,767 
Venezuela oec amen ese c ee 2,066, 068 3,008,491 1,748,006 2,476,585 
C ³·¹¹ eese et d 7106, 247 1203, 382 108,962 177,135 
/ ³˙ VA Sow bee ttis 17,779,134 23,952,920 18,068,536 24,486,955 
Lithium hydroxide: 
Argentine uc OS we ee et oe e EE 143,085 256,062 430,312 766,881 
Australia -— eomm mue LL ⁰ʒʒ s a, s p 102,400 183,440 
Bl de museum eme EE LE GS 70,400 126,7 
Brazil sasia aaa ³W¹wrr E 8 693,930 1,226,102 709, 1,229,638 
%%%%0C0%ͤͤũ ..,. .. eR M CUL ee 24, 45,540 4,225 8, 
PJ ͥͥÜ¹iſĩͤĩ˙1od. ˖¹¹·¹¹ſ 8 211.179 395,980 76.084 158,111 
rr ⁰ le ui mi ,955 133,091 26,150 47,811 
/ eL ee ee een, eas 122,720 7 162, 800 315,400 
Germany, Federal Republic oon 597,592 1.044, 745 1,397,844 2,213,600 
J!ÄõÜ˙¹¹ͤ ³⁰·wAmAAͤͤ re mu 120,028 96,941 440,291 612, 
Indensssgsssssg‚‚‚‚‚‚‚d tu Ee E ciem ,000 126,985 135,000 285,492 
Israel: o coe ß En CU Ln 8 24,918 44,084 45,686 80,949 
E§ĩêÜ ↄ ͤ g ↄ ru Le LLLA 95,7 169,1 22,000 89,600 
7777 ͥ ere m e E Wei Ee t 1,053,928 1,873,493 1,899,638 3,143,978 
Korea, Republic of |... „„ 81,871 148,847 110,994 169,145 
ö0ðÄ;—ẽeſ ² ] DV ERE MPO ONERE MENS 106,368 88,842 405,954 128,945 
Netherland 8 544,017 916,608 610,860 1,086,390 
Pakistan c ste eee Bae 38,995 67,326 44,261 87,701 
Philippines- -2i ee i ee 197,800 349,001 67,1 116,413 
SPSS hh 57.283 101.298 101.411 190,720 
South Africa, Republic of 25. 115,145 199,918 149,610 297,187 
SPAIN ³ au LU AAA 8 ; 125,136 118,800 201,840 
.. ů Add CD ee LE 26,129 71,820 Em 3 
y ³˙Ü¹ͤͥqÅſy mdßk m Ent s 13,412 23,438 91,172 144, 
United Kingdom --------------------—----—-—- 996,927 1,731,709 776,283 1,445,110 
Venezuela — oc eue ĩéͤ 8 88,300 155, 879 78.372 39,726 
))G)GCͤĩ¹ umu mymß y Ete r 152,903 7398, 992 121.133 222, 058 
Total ⁵«³˙ ⅛ ͥ• 6 ]]... ile db 9,119,391 10,158,803 8,197,954 14,107,655 
Other: 
Aeli. tir Der el do ees ee 5,327 8,630 143 757 
Australia 00 oc ELE a ʒ toI 127,818 182,380 29,485 64,814 
Belgium cecus ee pee ce eus 5,071 13,845 2,160 4,518 
Brem . . ER 625,280 1,465,696 29,721 63,924 
67%; eye ont at Sh eee eL E 611,419 297,285 844,280 1.372, 335 
E16 ĩꝛÜͥum.. ] ĩ᷑fd . or ll ne tes 6,614 9,502 9,825 83, 
e dcs e CE d he 147 1,089 "x Sa 
h ³o¹.ꝛſ x E 19,871 65,207 13,274 25,255 
J)Ü r ⁰˖⁰eie dau M 8 12,008 31,990 33,384 94,588 
Germany, Federal Republic o 118,908 184,246 879,079 1,277,981 
1 on toD cone yd 8 5,665 21,226 3,086 13,401 
MAG n coeur Ene pid m Re 15,644 103, '002 5,235 139,984 
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Table 3.—U.S. exports of lithium chemicals, by compound and country —Continued 


1983 1984 
Co d and t Gross Gross 
n weight Value weight Value 
(pounds) (pounds) 
Other —Continued 

Italy usc d e cac a i cus ĩ³ . ðx E LE E MS 23,252 $47,884 23,255 $43,357 
daüpalh-- o c lop uL ru Dcum fede ELE 193,151 1,167,463 986,107 2,006,854 
Korea, Republic ohlnn2sL2WVLsLSs „ 8,818 12,200 133,861 203,154 
Mexico aein TOO RO ⁵ DEREN PNE 93,543 239,046 67,131 186,307 
Netherlands 222 69,473 98,991 219,641 279,400 
Pakistan’ m LL vd 31,250 44,095 26,134 47,420 
Saudi Arabi ee eee ee ee d 4,030 7,819 27 6,310 
South Africa, Republic )) ³ KK 44,822 41,250 8,999 31,136 
Spali eei sess 88 MORTE 8 15 660 4,112 4,198 
Switzerland ))) TOME OMM 16,797 200,321 oe — 
Taiwan cacane a n k.... 168,663 283,951 121,150 170,540 
MOY Ge Du" 7,516 7,939 7,962 23,361 
United Kingdom 2 a0 ee ee ee ee oe 1,098,433 2,020,004 1,943,834 3,502,675 
Ii n aL ae ⁵ ³ A ae 283,104 411.809 22,510 30,287 
Other es a aca ot he E i Le e 180, 450 209,080 14,733 137,460 

// ³ Q 0 ²⁵ ⁵ AAA ³ AAA ³ RE Soe SS RECON 4,211,155 8,182,610 5,430,448 9,764,656 

r Revised. 


Source: Bureau of the Census. 


Table 4.— U. S. imports for consumption of lithium-bearing materials, by commodity 
and country 


1983 1984 
Commodity and count Gross Value Gross Value 
y ry weight (thousands) weight (thousands) 
(pounds) Customs C.i.f. (pounds) Customs C. i. f. 
Lithium ores: . 
Australia 16,424 81 84 119,049 815 $20 
Canada. reno TM c = 62 1 1 
VCC ds Ed ies 124 3 3 
Totdlz ccn ee ale 16,424 1 4 119,235 19 24 
Lithium compounds . 
Australia. _____________ es TEM pins 4,198 35 39 
Belgium ______________-_ PRU ie tes 2,197 6 7 
Canada________________ 3,005 5 5 3,425 36 36 
e a ee ee ten POPA BM 150,014 842 891 
CHING 222 uuu es 328,485 458 502 100,200 138 151 
Denmark 1 1 3 3 
FI.. y nae 6,972 1,228 1,233 6,131 765 770 
Germany, Federal Republic of 36,455 164 170 42,594 292 305 
An ESEE 19 20 91 25 26 
Mexico oo nm NN PI 15 1 1 
Netherlands 2 1 1 bows ener = 
Switzerland 571 1 1 15 2 (2) 
United Kingdom 1,759 44 46 15,117 81 85 
Total® = |. |. | .... 377,588 1,920 1,978 924,047 2,226 2,313 
Lithium salts 
iir ane ONE - "ES 220 (3) 1 
France eho A m 1 (2) (2) 
Germany, Federal Republic of 2,304 5 5 9 4 
Japan 2 " 1 2 (2) 
United Kingdom |... 2 (3) (2) EN ae edd 
ll! é 2, 356 6 6 231 5 5 
Lithium metal: 
Germany, Federal Republic of 1.228 9 9 334 12 12 
. ĩ 8 1,281 24 24 T T mc 
Total. cuna enema 2,509 33 33 334 12 12 


1Spodumene concentrate. 
Less than 1/2 unit. 
Pata may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 
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WORLD REVIEW 


Australia.—Greenbushes Tin Ltd. (GTL) 
expanded its mine and plant facilities dur- 
ing the year to operate at a capacity of 
22,000 tons per year of spodumene concen- 
trate.'^ The concentrate had a minimum 
Li;O content of 7.096 and a maximum iron 
oxide content of 0.30%." 

GTL was conducting a feasibility study on 
a 11-million-pound-per-year Li: CO, plant 
proposed for construction by 1987 at its 
mine near Perth, Western Australia. The 
study was being undertaken in partnership 
with Metallgesellschaft AG of the Federal 
Republic of Germany and C. Itoh & Co. Ltd., 
a large Japanese trading company. The 
wholly owned subsidiary of Metallgesell- 
schaft, Chemetall GmbH, produced many 
lithium compounds and metal.'? 

Austria.—Mineral Exploration GmbH be- 
gan exploration of an area near Koralpe in 
the summer of 1981 and discovered a peg- 
matite deposit mineralized with spodu- 
mene. In 1984, reserves of 5,500 tons of spod- 
umene-bearing ore with an average Li;O 
content of 1.7% were proven to a depth of 
about 890 feet, but were generally believed 
to be continuous to much greater depths.!'* 

Canada.—The Bernic Lake spodumene 
deposit was owned by a consortium of Hud- 
son Bay Mining and Smelting Co. Ltd., 
37.5%; Kawecki Berylco Industries Inc., 
37.5%; and Manitoba Development Corp., a 
Province of Manitoba government enter- 
prise, 2596. The operating company for the 
consortium, Tantalum Mining Corp. of Can- 
ada Ltd. (TANCO), had operated North 
America's only tantalum mine and concen- 
trate plant, which was also located at Ber- 
nic Lake. In late 1982, TANCO closed its 
tantalum operation because of a weakened 
market and was considering development of 
its spodumene deposit to produce spod- 
umene concentrate. The low iron content of 
the proposed product was expected to make 
it attractive to the ceramics industry. 

Chile.—In mid-July, the Sociedad Chilena 
de Litio Ltda. (SCL), a joint venture, 5592 
owned by Foote Mineral and 45% by the 
Chilean Government's company Corpora- 
ción de Fomento de la Producción (CORFO), 
made its first export shipment of Li,CO,; 
from the northern Chilean port of Anto- 
fagasta.'* Foote Mineral reported total pro- 
duction from the plant at La Negra of 2,819 
tons of Li,CO; equivalent, or 530 tons of 
contained lithium. The plant had a rated 
annual capacity of 7,000 tons Li,CO;.'* The 
lithium source was the Salar de Atacama, 


which had a reserve base of about 1.5 mil- 
lion tons of contained lithium. Raw brine 
from the salar was extremely rich in lithi- 
um, averaging about 0.15% lithium, by 
weight. For comparison, the brine at Silver 
Peak, NV, contains 0.02% lithium.“ At the 
salar, three wells, which penetrated to a 
depth of only 100 feet, were supplying 
enough brine to yield 14 million pounds of 
Li;CO; per year." Under the terms of the 
limited partnership agreement, SCL was 
limited to production of a maximum of 
220,000 tons of lithium content and had 
exclusive rights to produce Li;CO; from the 
salar until August 1988. 

In a separate action to expand lithium 
development in the Salar de Atacama, COR- 
FO accepted a proposal by AMAX Inc. to 
form a joint venture with AMAX control- 
ling 62%; CORFO, 25%; and Molibdenos y 
Metales S.A., 13%. The joint venture com- 
pany would construct and operate a large 
chemical and industrial complex to produce 
potassium chloride, potassium sulfate, boric 
acid, and possibly lithium from brine in the 
northern part of the salar. Pending success- 
ful negotiations, 3 more years of exploration 
would be required to reach a final feasibility 
decision. is 

France. Meétaux Speciaux S. A., a subsid- 
iary of Pechiney, began commercial produc- 
tion of aluminum-lithium alloys at its proto- 
type foundry at Issoire. Ingots weighing 1.3 
tons had been cast and test samples sup- 
plied to aerospace companies in Europe, 
Japan, and the United States. In a related 
action, another Pechiney subsidiary was in 
the process of starting up a pilot plant for 
production of lithium metal at Plombiere- 
Saint Michel.!? MEE 

United Kingdom.— British Alcan was in- 
stalling a casting unit at Birmingham for 
the production of aluminum-lithium alloys 
to be marketed under the name Lital. The 
new unit was planned to cast Lital slabs and 
billets initially up to 6,600 pounds and was 
expected to be operational in early 1985. 

Zimbabwe.—During the year, Bikita Min- 
erals (Pvt.) Ltd. resumed supplying ground 
petalite to Corning Glass Works of the 
United States. Shipments had been stopped 
in 1965 when the United Nations Security 
Council imposed economic sanctions on 
Southern Rhodesia. Despite the lifting of 
these sanctions in 1980 .after Zimbabwe 
gained independence, Corning continued to 
buy from an alternative supplier. 
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Table 5.—Lithium minerals: World production, by country! 


(Short tons) 
Country? 1980 1981 1982 1983P 1984* 

Argentina (minerals not specified) 88 28 125 168 160 
Australia, spodumene®____§__________________-_ SE a 90 . 71,100 7,200 
Brazil: 

Amblygonite________________~___________ 201 305 73 125 130 

Lepidolite ---—----------------------—— 56 82 1 5 

Pétalilà ⁵˙“ V Z.... 8 2,741 2,293 2,928 2,086 2,200 

Spodumene__________________________ Le 108 268 376 128 130 
Chile (carbonate from subsurface brine ------------ E S x "M 32,819 
China (minerals not specified) 15,400 15,400 15,400 716,500 16,500 
Namibia (minerals not specified NA 1,392 1,146 860 900 
Portugal, lepidolite® ________________________ 1,100 990 880 770 660 
Rwanda, amblygonite®_______________________ 33 28 ata Mr T 
U.S.S.R. (minerals not specified)? * . 60,600 60,600 60,600 60,600 60,600 
United States, spodumene____________________-_ W W W W W 
Zimbabwe (minerals not specified)... . 21,982 18,126 10,788 10,472 18,700 


335 PPreliminary. ‘Revised. NA Not available. W Withheld to avoid disclosing company proprietary 
ta | 


Table includes data available through May 7, 1985. 


An addition to the countries listed, other nations may produce small quantities of lithium minerals, but output is not 
reported, and no valid basis is available for estimating production levels. | | 


Reported figure. 
ese estimates denote onl 
Output by China and the U.S.S.R. has never been reported. 


an approximate order of magnitude; no basis for more exact estimates is available. 


TECHNOLOGY 


U.S. development of aluminum-lithium 
alloys for the aerospace industry, led by 
Alcoa, continued at an accelerated pace. 
The use of lithium, which is nature's light- 
est metal, offered lower density, weight, and 
cost than conventional aluminum alloys. 
For example, substituting aluminum-lith- 
ium alloys for those previously used in a 747 
passenger jet could mean a weight savings 
of 14,000 pounds and cost savings of $5.6 
million over the 20-year life of the plane.”* 
Aluminum companies were developing new 
alloys. in part to offset future competition 
from composite materials. An advantage of 
these alloys over composites was the rela- 
tively few changes expected in aerospace 
production lines, whereas the conversion 
from metal to composites might require 
retooling and retraining. By yearend, Alcoa 
had cast alloy ingots weighing from 8,500 to 
10,000 pounds. More than 18% of these 
production-sized ingots had been rolled into 
plate at the company's Davenport, IA, 
works. 

On a small scale, the Bureau of Mines 
demonstrated a technique for recovering 
75% of the lithium from a montmorillonite- 
type clay. The technique involves roasting a 
clay-limestone-gypsum mixture, leaching 
the calcine with water, concentrating the 
solution by evaporation, and adding sodium 
carbonate to the concentrated solution to 
precipitate Li,CO,.?5 


1Physical scientist, Division of Industrial Minerals. 

2See 1984 10-K reports for Gulf Resources & Chemical 
Corp. and Newmont Mining Corp. 

Work cited in footnote 2. 

*Work cited in footnote 2. 

5Work cited in footnote 2. 

Foote Mineral Co., Chemicals and Minerals Div. Lithi- 
um Carbonate for Primary Aluminum Production. 1983, 
11 pp. 

"Ceramic Industry. Raw Materials Handbook. Lithia. 
V. 120, No. 1, Jan. 1983, p. 97. 

5Berger, C. Planning for and Rationalization of the 
Battery Selection Process in the Army. Sec. Int. Seminar 
on Lithium Battery Technology and Applications. Florida 
Atlantic Univ., Fort Lauderdale, FL, Mar. 4-6, 1985. 

?Industrial Minerals (London). Company Notes. No. 202, 
July 1984, p. 13. 

10Greenbushes Tin Ltd. 1984 Annual Report. P. 3. 

HIndustrial Minerals (London). Greenbushes Tin—for 
Lithium. No. 206, Nov. 1984, p. 69. 

12Metals Week. Australia May Get Lithium Plant. V. 56, 
No. 9, Mar. 4, 1985, p. 8. 

18 Industrial Minerals (London) Minerex Explores for 
Lithium. No. 203, Aug. 1984, p. 9. 

"*Coad, M. Lithium Production in Chile's Salar de 
5 Ind. Miner. (London), No. 205, Oct. 1984, pp. 27- 


15Work cited in footnote 2. 

16Work cited in footnote 14. 

17 Foote Prints. New Lithium Frontier in Chile. V. 47, 
No. 1, 1984, pp. 2-14. 

18Mining Journal (London). Chile’s Lithium Venture. 
V. 303, No. 7776, Aug. 31, 1984, p. 148. 

19. ——. Lithium Plant for Pechiney. V. 302, No. 7762, 
May 25, 1984, p. 353. 

2°Metal Bulletin (London) British Alcan Lital Go 
Ahead. No. 6920, Sept. 14, 1984, p. 15. 

?!Stone, S. Another Historic Flight for Aluminum, 
Alithalite Taxiing for Take-off. Alcoa News, Sept. 1984, 


Pp. 

22Metal Bulletin Monthly. Aluminum-lithium Goes 
Commercial. No. 171, Mar. 1985,-pp. 71 and 73-75. 

?3Lien, R. H. Recovery of Lithium From a Montmo- 
rillonite-Type Clay, With an Appendix on Process Econom- 
ics, by D. A. Kramer. BuMines RI 8967, 1985, 32 pp. 
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Magnesium 


By Deborah A. Kramer: 


Domestic production of magnesium in 
1984 increased sharply from that of 1983 
owing to increased demand in most end-use 
sectors. Primary producers brought pre- 
viously idled capacities on-stream, and new 
applications for magnesium diecastings in 
the automotive industry were introduced. 
Both imports and exports of magnesium 
materials increased from those of 1983. 

Domestic Data Coverage.—Domestic con- 


sumption data for magnesium metal are 
developed by the Bureau of Mines by a 
voluntary survey of U.S. operations. Of the 
159 operations to which a survey request 
was sent, 59% responded, representing 93% 
of the primary magnesium consumption 
shown in tables 1 and 3. Consumption for 
the 65 nonrespondents was estimated using 
reported prior year consumption levels. 


Table 1.—Salient magnesium statistics 
(Short tons unless otherwise specified) 


1980 1981 1982 1983 1984 
United States 
Production 
i esium .. 1169,477 153,782 102,197 115,431 159,207 
Secondary magnesium 40,461 46,256 43,232 46,329 48,090 
Exports 56,161 34,855 39,613 46,690 48,331 
Imports for consumption 3,757 6,897 4,7 6,350 9,381 
Consumption, primar/· -----—- 95,7 91,461 74,599 81,976 90,217 
Price per pound ___________-—- $1.07-$1.25 $1.25-$1.34 $1.34 $1.38 $1.43-$1.48 
World: Primary production 348,440 336,454 277,074 P286,488 *357,594 


PPreli 


1Derived figure; U.S. production is not officially reported by the Bureau of Mines for 1980 to avoid disclosing company 


etary data; 


propri 


Natural Resources. 


re reported for 1980 represents the difference between total North American production reported by 
the International esium Association and Canadian production reported by Canadian Department of 


ines and 


DOMESTIC PRODUCTION 


Production in 1984 increased significantly 
from that of 1983 and was about 85% of 
installed annual capacity. Three companies 
produced primary magnesium metal: The 
Dow Chemical Co., Freeport, TX; AMAX 
Magnesium Corp., Rowley, UT; and North- 
west Alloys Inc., a subsidiary of Aluminum 
Co. of America, Addy, WA. Dow and AMAX 
produced magnesium from natural brines 
by the electrolytic process, and Northwest 
Alloys produced metal from dolomite using 
the silicothermic process. 

Because of increased demand, domestic 


producers restarted idled capacities. AMAX 
announced the opening of its No. 4 building 
during the first quarter, and Northwest 
Alloys announced the start of construction 
of a 10th furnace at its plant during the 3d 
quarter. Dow restarted two cell rooms to 
increase its operating rate to 75% of ca- 
pacity.? 

AMAX and Kaiser Aluminum & Chemi- 
cal Corp. announced a joint agreement in 
which Kaiser will supply AMAX with 
300,000 short tons of magnesium chloride 
brine from its Wendover, UT, plant in 
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exchange for 9,000 tons of magnesium 
metal.? 
Magnesium recovered from all forms of 
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scrap increased slightly from that of 1983. 
Aluminum alloys continued to be the domi- 
nant form of recovery. 


Table 2.—Magnesium recovered from scrap processed in the United States, 
by kind of scrap and form of recovery 


— (Short tons) 
1980 1981 1982 1983 1984 
KIND OF SCRAP 
New scrap: 
Magnesium-bese ______________-~~~~-~~-~----~- 5,929 2,833 2,455 2,873 2,868 
Aluminum basses „„ 16,978 19,240 17,846 18,718 18,839 
Totilacclccoclenkc eg ael ee LE 22,907 22,078 19,801 21,591 21,207 
Old scrap: 
Magnesium- base „ 5,215 5,593 5.314 5,311 5,852 
Aluminum base k 22222.2.2- 12,219 18,590 18,117 19,427 21,581 
Totalo ccc o to de oM 8 17,554 24,188 23,481 24,738 26,883 
Grand total __. - - -- - - -- - ------—- -=-= ee 40,461 46,256 43,232 46,329 48,090 
FORM OF RECOVERY | 
Magnesium alloy ingot? |... LLL «44 4,205 4,230 4,228 4,232 4,752 
Magnesium alloy castings (gross weightnin ~~~ 836 806 746 952 1,053 
Magnesium alloy ahape ss 8,144 13 x x a 
Aluminum allon))hhhhhkhkk k «ͤ«««2õ“ſ:t „„ 29.612 38,755 36,587 89,451 40,521 
Zinc and other alloh sss 13 9 11 20 13 
Chemical and other dissipative uses 9 55 3 4 3 
Cathodic protection „„ 2,042 2,388 1,657 1,670 1,748 
J oe et ⅛ v ĩͤ . 8 40,461 46,256 43,232 46,329 48,090 


1Includes secondary magnesium content of both secondary and primary alloy ingot. 


CONSUMPTION AND USES 


Consumption of primary magnesium in- 
creased from that of 1983. Aluminum alloy- 
ing continued to be the largest use of 
magnesium, but its share of the total pri- 
mary consumption decreased slightly. The 
iron and steel desulfurization market show- 
ed a high growth rate. Consumption of 
magnesium for this use was estimated to be 
7,500 tons. Increased demands for titanium 
and beryllium were reflected in a 42% 
increase in consumption for magnesium as 
a reducing agent for the production of these 
metals. 

Automobile manufacturers introduced 
new magnesium diecastings in their 1984 
models and thereby increased the use of 


magnesium components in automobiles. Re- 
portedly, General Motors Corp. used magne- 
sium grille assemblies and headlamp asseni- 
blies in its Fiero model; Chrysler Corp. 
substituted a magnesium component for a 
zinc shift handle on its Laser and Dodge 
Daytona models; and Ford Motor Co. used 
magnesium clutch housings on its Ranger II 
and Bronco trucks. New diecasting product 
developments were not limited to the auto- 


motive industry. Prince Manufacturing Inc. 


announced the introduction of a magnesium 
tennis racket, and a magnesium computer 
housing was developed by Grid Systems 
Corp. and Tennessee Die Casting Div. of 
Hayes Albion Corp.‘ 


MAGNESIUM 


617 


tone 3.—U.S. consumption of primary magnesium, by use 


(Short tons) 
Use 1980 1981. 1982 1983 1984 
For structural products: 
Dig. co ate ⁰ ee 3190 28812 1.600 1,937 601 
Permanent mold_________________________ 922 917 663 16 1,666 
diese ceri pac NE y 1,735 1.222 1,337 1,388 1,932 
Wrought products 
Fh mea 6,855 5,186 1,059 7,093 5,829 
Sheet and plane 4,704 4,547 2,981 4,313 4,379 
Other (includes forgings )) 61 43 29 40 
7ô·Üd ]⅛ ee ORES ER RUE EE 17,467 15,27 13, 728 14,716 14,447 
For distributive or sacrificial purposes: 
oys: 

"AT Gad 2322 aie ³ eee TE 54,490 50,518 39,878 46,026 48,675 
COp ROP dd UE aM ae 5 4 
///) ced ³⁰¹· A 11 9 3 3 5 
Other aa i a ⁰ ed oe 7 7 8 TEM P 
Cathodic protection. (anodes) ) 3,930 6,449 5,964 5,686 4,776 
PNG CN i a) ·² m els ie oe 278 5,315 4,823 5,664 5,822 
Nodular iron „ „„ 4,176 3,755 2,541 2,200 2,401 

news agent for titanium, zirconium, hafnium, uranium, 
Derylüium se y 7,957 9,071 5,901 4,711 6,689 
Oer sca a de E E T 1,466 1,005 1,751 2,906 7,392 
Totale 2 tp ꝛ ;upuÄZui... oe ee dt 78,321 76,134 60,871 » 67,200 75,770 
Grand total nis k 95,788 91,461 74,599 81,976 90,217 


1Includes scavenger, deoxidizer, and powder. 


STOCKS 


Consumer stocks of primary magnesium 
ingot decreased from 11,329 tons at yearend 
1983 to 6,963 tons at yearend 1984. Magne- 


sium alloy ingot stocks increased slightly to 
601 tons at yearend 1984 from 551 tons at 
yearend 1983. 


Table 4.—Stocks and consumption of new and old magnesium scrap in the United States 


(Short tons) 
Co ti 
Stocks, ee nsumption Stocks, 
Jan. P New Old Total Dec. 31? 
scrap scrap 

1983: 
%//ôö§öÜöö³õĩ³'0 1,573 6,065 412 5,836 6,248 1,390 
Solid wrought crap? ;: 23 846 824 T 824 45. 
OCR uel E LER 8 1,596 6,911 1,236 5,836 1,072 1,435 

1984: 
Cast BCTAD nrbe ix k mE E 1.374 6.294 410 5,881 6,291 1,371 
Solid wrought scrap? __________________ 45 779 779 "m 719 45 
e e ee ut ee 1,419 7,073 1,189 0,881 7,070 1,422 


1Ending stocks for 1983 do not equal 1984 beginning stocks because of reported beginning stock adjustments. 


?Includes borings, turnings, drosses, etc. 


PRICES 


The quoted price for primary magnesium 
ingot at the beginning of the year was 
$1.43 per pound. In May, Dow and AMAX 
announced an increase of their prices to 
$1.48 per pound, effective immediately for 
spot customers and on July 2 for contract 


customers. The primary magnesium price 
remained at $1.48 per pound throughout the 
rest of the year. 

At the beginning of January, Dow raised 
its price for diecasting alloy from $1.23 to 
$1.28 per pound, while AMAX held its 
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diecasting alloy price to $1.23 per pound 
until the end of the quarter. In early April, 
both companies raised their prices—Dow to 
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$1.80 per pound and AMAX to $1.26 per 
pound. These prices remained in effect 
throughout the rest of the year. 


FOREIGN TRADE 


Exports of magnesium increased slightly 
from those of 1983, both in quantity and 
value. Japan and the Netherlands con- 
tinued to be the primary destinations. The 
United States remained a net exporter of 
magnesium. 

Imports of magnesium in all forms in- 
creased significantly from those of 1983. 
Values for all categories also increased, 
except for powder, sheets, tubing, and other 
forms. Primary import sources were Cana- 
da and Norway, which accounted for 50% of 
the total. 


Beginning January 1, 1984, the U.S. im- 
port duties for magnesium were as follows: 
unwrought metal (TSUS 628.55), 13.5% ad 
valorem for most favored nations (MFN) 
and 100% ad valorem for non-MFN; un- 
wrought alloys (TSUS 628.57), 6.8% ad va- 
lorem for MFN and 60.5% ad valorem for 
non-MFN; and wrought metal (TSUS 
628.59), 5.2 cents per pound on magnesium 
content plus 2.9% ad valorem for MFN and 
40 cents per pound on magnesium content 
plus 20% ad valorem for non-MFN. 


Table 5.—U.S. exports and imports for consumption of magnesium 


EXPORTS 
Metals and alloys Semifabricated 
Year Waste and scrap in crude form forms, n.e.c. 

Quantity Value Quantity Value Quantity Value 

(short (thou- (short (thou- (short (thou- 

tons) sands) tons) sands) tons) sands) 
1982-1 A 149 $349 37,281 $92,554 2,183 $11,942 
TOBE hee opie ho ese 638 1,681 43,992 111,988 2,060 11,045 
1984 cote be aC tea 1,249 3,962 44,880 120,804 2,208 12,495 

IMPORTS FOR CONSUMPTION 
m irre qaem 
oys tubing, ribbons, 
mae Metal (magnesium wire, other forms 
P content) (magnesium 
content) 
Quantity Value Quantity Value Quantity ^ Value Quantity Value 
(short (thou- (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
1 Sn Ü ee ee a 1,873 $2,019 1,779 $3,713 955 $3,889 177 $5,982 
%%% Sas Ss ete 1,935 2,537 2,034 4,637 2,143 6,151 238 2,939 
1984 soc 2,160 3,656 3,136 8,604 3,596 10,791 489 2,620 
Table 6.—U.S. exports of magnesium, by country 
. Semifabricated forms, 
Waste and scrap pr ee n.e.c., including 
Country powder 
Quantity Value Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) (short tons) (thousands) 
1983 

Argentina. cec PES ao 471 $1,020 25 $82 
Australia E S 2,838 ,989 504 1,884 
AUSLTIB sco mH E 188 495 5 67 
Belgium- Luxembourg 11 $22 Eum s 7 97 
PPT M er 4,667 11,298 38 102 
Canada__________________ 283 652 4,055 10,183 217 1,031 
oT: POR EE fen et a tn so ne = 1,105 2,960 oud MM 
Colombia... . OA 32 87 44 128 
FCüÄͥ ˙fꝛpũꝛ 11 1 2 25 524 
Germany, Federal Republic of- 222 518 86 270 33 362 
India s Aor t 1 34 72 13 71 
Israel «§?é—aO : es E us 6 28 155 829 
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Table 6.—U.S. exports of magnesium, by country —Continued 
Semifabricated forms, 
Waste and scrap 3 n. e. c., ineluding 
Country powder 
Quantit Value Quantity Value Quantity Value 
(short totu) (thousands) (short ioc) (thousands) (short tons) (thousands) 
1983 —Continued 
Haly. CREE RETURN RI RR ET ete 23 $108 111 $950 
JS E MEN NT 12,758 28,294 67 508 
Karea, s Republic FFF RN T 328 820 23 72 
NUMEN SU MERE 12 $22 2,187 5,261 236 751 
Netherlands 77... aes on 14,029 40,668 51 551 
New Zealand its A 37 74 2 30 
NOWAY -anana A Ne 172 1,290 4 55 
Saudi T eet PD Rt: cate c 2 8 84 191 
Singapore 94 321 87 190 16 31 
South A Africa, Republic of |... En t 605 1,271 41 204 
Spa. y 8 N Sass 8 E 7 107 
Sweden- nnn x EGS 12 100 
Taiwan -sanninna 20 41 139 313 15 43 
United Kingdom 36 58 51 200 118 1,286 
Venezuela en es — " 1 14 
/ hs he LL EE (7) 7 88 468 206 975 
Totàl.a cited en er 638 1,681 43,992 111,988 2,060 11,045 
1984 
Argentinae ~~~. lll =e E 580 1,498 28 101 
Australia M A" 2,045 5,246 227 1,095 
Austria Ea ares 4 1,170 13 259 
Belgium-Luxembourg _ — _ _ _ _ _ __ — S T m 17 169 
pen DNI HEN "M 9 344 3 3 18 
oe eons E E ae popes mee) 688 1,578 4,910 13,328 595 2,043 
JJ "t R 1,390 3,887 ge os 
Colombia Zn SN 59 166 3 17 
Francdee (1) 2 (1) 1 49 859 
Germany, Federal Republic of- 225 559 469 1,557 30 338 
India - o oc eei ee NE 109 307 11 49 
Israel — —. oem oec A ape 2 11 51 328 
JJ!!· . A 26 78 107 1,013 
pr ee ee ek 59 10 12,042 28,856 106 802 
Korea, Republic of . 38 113 821 1 22 
PEO ea es ees E 90 232 2,920 7,541 132 609 
Netherlands 30 62 17,759 50,707 481 1.624 
New JJC zu M 54 130 1 23 
Norway sss — Eres 43 769 4 59 
use JJ VNDE RA CNENENE c 1 3 10 22 
27 ee ee eee 94 765 38 142 10 30 
South A Africa, Republic off = E 612 1,694 45 211 
Spain ee EM TE m 31 337 
Sweden z= T" 3 7 36 288 
Taiwan eene me 22 21 122 375 11 54 
United Kingdom ($) 13 139 420 144 1,541 
Venezuela ________________ ue i 326 589 1 11 
| PCM aaa dee LOOT RI 3 T 186 598 60 507 
Total Loue ten Rhe EPI e 1,249 3,362 44,880 120,804 2,208 12,495 
1Less than 1/2 unit. 
WORLD REVIEW 


World production of magnesium increas- 
ed significantly from that of 1983 mainly in 
response to increased demand in the iron 
and steel desulfurization and diecasting sec- 
tors. 

Norway.—In April, Norsk Hydro A/S 
reportedly started up the last of its 36 new 
electrolytic cells, which were said to be 15% 
more energy efficient and require less labor 
and maintenance than the old cells. The 
company also announced that it modernized 
its foundry and will install a new calciner in 
1985 to replace two older units. 


United Kingdom.—Minerals Processing 
Licensing Corp. (MPLO) reportedly operated 
a 1.3-ton-per-day pilot plant for production 
of magnesium near Stockon-on-Tees. MPLC 
claimed to have developed technology to 
produce anhydrous magnesium chloride di- 
rectly from magnesite and chlorine and 
carbon monoxide gases. Late in the year, 
MPLC and Davy McKee, its engineering 
associate, announced formation of a joint 
venture to build a 3.3-ton-per-day plant at 
Peterlee to refine production techniques.“ 
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Table 7.—Magnesium: World primary production, by country: 


(Short tons) 
Country 1980 1981 1982 1983P 1984€ 

%;; ³ AME LLL 10,199 9,370 reg, 700 r e, 600 8,800 
J%%GGGGöãĩÜ ð;4 yd ee ee ei 7,700 7,100 7,700 7,700 7,700 
Krance 5 oi o eee 888 10,282 8,006 10,593 13,007 12,100 
C ee chats tes a ĩͤ eae eS 8,693 8,623 8,466 8,473 28.251 
dapan e uu EN ͤ K es eui Lee 10,199 6,247 6,123 6,643 27 830 
NOE WAY oe ß es So LE E 48,890 52,472 39,598 32,954 55,000 
USSR om wrt m ptr 83,000 86,000 89,000 91,000 94,000 
United States 3169.477 153,782 102,197 115,431 ?159,207 
Vugosla va 4,254 4,697 r €4 680 4,100 

77;;ö˙——g!kĩ;ĩ?5 8 348,440 336,454 277,074 286,488 357,594 


eEstimated. Preliminary. Revised. 
Table includes data available through May 28, 1985. 
?Reported figure. 


SDerived figure; U.S. production is not officially 5 by the Bureau of Mines for 1980 to avoid disclosing company 


proprietary data: re reported for 1980 represents the difference between total North American production reported by 
the International! esium Association and Canadian production reported by the Canadian Department of Mines and 
Natural Resources. 
Table 8.—Magnesium: World secondary production, by country! 
| (Short tons) 
Country 1980 1981 1982 1983P 19849 

JA ³ ðòZy ee ek t Um oe 26,314 31,345 23,887 14,343 16,900 
USSR. Lun oe 88 8,000 9,000 9,000 9,000 9,000 
United Kingdom? ___________________- 3,000 12,100 11,940 12,000 2,000 
United States 40,461 46,256 43,232 46,329 248,090 

Total n os ret i 77,775 188,701 18,059 


*Estimated. Preliminary. Revised. 
1Table includes data available through May 28, 1985. 
3Reported figure. 


11,672 15,990 


. TECHNOLOGY 


Dow announced the development of a new 
high-purity, corrosion-resistant magnesium 
sand casting alloy, AZ91C/HP. The new 
alloy was developed for use in military 
aircraft exposed to saltwater environments. 
Specific applications include transmission 
housings, transfer cases in the power train, 
electrical system housings, and some engine 
components. Dow maintained that the new 
alloy will have corrosion-resistance rates 
higher than cold-rolled steel or die-cast 380 
aluminum, if produced according to specifi- 
cation. The new alloy reportedly will be 
marketed at $1.43 per pound, the same price 
as standard AZ91C, which it replaces.” 

Scientists at the General Motors Re- 
search Laboratories announced the develop- 
ment of an experimental electrolytic 
process to remove magnesium from scrap 
aluminum-base alloys. The electrolytic 
process uses a molten layer of the alumi- 
num-base alloy as the anode on the bottom 
of the cell, a molten layer of chloride salts 
as the electrolyte in the middle, and a 


molten layer of magnesium as the cathode 
on the top. Magnesium in the alloy scrap is 
selectively oxidized, and because of the 
differences in densities among the three 
layers, it is deposited at the electrolyte- 
cathode interface, while refined aluminum 
remains at the anode. Magnesium is recov- 
ered in the form of salt-coated globules, 
which may be useful for iron and steel 
desulfurization. The new process reportedly 
could provide an alternative to the tradi- 
tional chlorination process.* 


Physical scientist, Division of Nonferrous Metals. 

?Metals Week. V. 55, No. 14, Apr. 2, 1984, p. 9. 

3———. V. 55, No. 43, Oct. 22, 1984, p. 8. 

*Brunt, J. E. Finding innovative applications. Met. Bull. 
Monthly (London), No. 162, June 1984, pp. 91, 95-96. 

5Kramer, D. Norsk Hydro to Increase Magnesium Ex- 

poris 10 US. Am. Met. Mark., v. 92, No. 125, June 27, 1984, 
pp. 1, 10. 

Gilberston, D. Sea change in 5 costs? Met. 
Bull. (London), No. 6938, Nov. 16, 1984, p. 8 

"Crisafulli, T. Anti-Corrosive Magnesium Alloy Bows. 
Am. Met. Mark., v. 92, No. 235, Dec. 5, 1984, p. 6. 

Tiwari, B. L., and R. A. Sharma. Electrolytic Removal 
of Magnesium from Scrap Aluminum. J. Met., v. 36, No. 7, 
July 1984, pp. 41-43. 


Magnesium Compounds 


By Deborah A. Kramer! 


Magnesium compounds shipped or used 
by producers in the United States declined 
from those of 1983. About 70% of the con- 
sumption of magnesium compounds was for 
production of basic refractories used in 
high-temperature metallurgical furnaces, 
primarily in the iron and steel industry. 
The remainder was used to prepare caustic- 
calcined and specified magnesias and other 
magnesium compounds. 

Natural brines continued to be the domi- 
nant source of domestically produced mag- 
nesium compounds. Magnesium oxide and 
other compounds were produced from sea- 
water by six companies in California, Dela- 
ware, Florida, and Texas; by three compa- 
nies from well brines in Michigan; and by 
two companies from lake brines in Utah. 
Magnesite was mined by one company in 
Nevada, and olivine was mined by three 


companies in North Carolina and Washing- 
ton. 

Both imports and exports of magnesite 
and magnesia increased from those of 1983. 
Canada remained a primary import source, 
as well as the primary destination for U.S. 
exports. World production of magnesite was 
essentially unchanged from that of 1983. 

Domestic Data Coverage.—Domestic da- 
ta for magnesium compounds shipped and 
used are developed by the Bureau of Mines 
from a voluntary survey of U.S. operations 
entitled "Magnesium Compounds." Of the 
18 operations to which a survey request was 
sent, 61% responded, representing 48% of 
the total magnesium compounds shipped 
and used shown in table 3. Data for the 
seven nonrespondents was estimated using 
prior year production levels and other fac- 
tors. 


Table 1.—Salient magnesium compound statistics 
(Thousand short tons and thousand dollars) 


United States: 


Caustic-calcined and s 2 magnesias:! 
Shipments Dy producers: 


Exports: Value? 

Imports for mE Value? 
Refractory magnes 

Sold and used by producers: 


Quantitß ' 


Value 


Imports for consumption: Value 
Dead-burned dolomite 
Sold and used by producers: 


Ait 


Estimated. Preliminary. Revised. 


Exports: Male oe eee en LL E 


1980 1981 1982 1983 1984 
— 157 160 148 1143 146 
-- $51,282 $58,420 356,363 "$57,416 350,087 
-- $17,692 $14,559 $10,925 $8,426 $14,026 
T $2,122 $2,177 $2,055 $5,476 $9,594 
ate 731 616 453 1456 374 
-- $162,697 $146,903 $112,101 898,473 887,945 
-- 313.279 $4,727 $2,721 1,955 $3,641 
~~ $16,672 $22,990 $14,162 $11,495 323,716 
T 494 435 337 418 P581 
-- 328,308 823,789 $19,136 $24,454 733,964 
8 112,695 12,327 12,304 12,320 11.953 


1Excludes caustic-calcined magnesia used in production of refractory magnesia. 


*Caustic-calcined magnesia only. 
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DOMESTIC PRODUCTION 


Natural brines from seawater and well 
and lake brines continued to be the domi- 
nant sources of domestically produced mag- 
nesium compounds. Magnesium compounds 
were also recovered from magnesite and 
dolomite. Olivine, mined from deposits in 
North Carolina and Washington, was 
ground to various grades for consumption 
by the foundry, steel, and refractory indus- 
tries. 

The Dow Chemical Co. announced that 
brine operations at the Midland, MI, plant 


would be phased out over the next 2 years. 
The company plans to relocate its magne- 
sium hydroxide operation at its Ludington, 
MI, plant.? 

Operations at Kaiser Aluminum & Chem- 
ical Corp.’s Wendover, UT, solar evapora- 
tion complex were suspended during part of 
1984 because of excessive rain. The compa- 
ny announced plans to restart mill oper- 
ations in January 1985. Kaiser concentrates 
magnesium chloride brine using solar 
evaporation.’ 


Table 2.—Magnesium compound producers, by raw material source, 
location, and production capacity 


: Capacity 
Raw material source and producing company Location i rt tons 
equivalent) 
Magnesite: Basic IinnnCCccGkkkk..k. 44 „ „ Gabbs, NV ______-------~- 150,000 
Lake brines: 
Great Salt Lake Minerals & Chemicals Corp den, UIù ü 100, 000 
Kaiser Aluminum & Chemical Cord endover, UT ___________~— ,000 
Well brines: 
The Dow Chemical o 5 Ludington, !!!! 300,000 
Do PROLES EMOEN Midland, MI ...........-- 75,000 
Martin Marietta Chemicals Manistee, ML. mins 350,000 
Morton Chemical Co OOOOoOoOoOlol. . uod mlt ⁵ ĩ¼:öqU 8 5,000 
Seawater: 
err ſſ ü ³ ³ / ee! Lewes, DE 2 ]˙Üꝛm. ͤ 5,000 
Basic Magnesia IinõnCOCl᷑s „ Fort Si os | PR pee Rees 100,000 
The Dow Chemical Co ------------------------—- Freeport, TX ..; 88 75,000 
Kaiser Aluminum & Chemical Cors Mose L nadin ECA coana 150,000 
Merck & Co. Inc _—---------------- ĩ 8 South San Francisco, „ 15,000 
Western Magnesium Corpo ucc ˙ y Chula Vista, aaa 5,000 
OUR aa a eS oi cm a ³⁰•˙·ↄ¼. y ⁵⁰ Sas 1,380,000 
CONSUMPTION AND USES 


Most of the domestic magnesium com- 
pound production was used in the manufac- 
ture of refractory products such as refracto- 
ry brick. Magnesia refractories were used 
primarily by the iron and steel industry for 
furnace linings. Total shipments of refracto- 
ry magnesia declined significantly from 
those of 1983. 

Magnesium compounds in the forms of 
caustic-calcined and specified magnesias 
were used by diverse industries including 
agriculture, chemical processing, and con- 
struction. Shipments of caustic-calcined 
magnesia by the following sectors, in declin- 


ing order, accounted for 80% of the total 
domestic shipments: animal feed, ceramics, 
rubber, petroleum additives, rayon, chemi- 
cal, and oxychloride and oxysulfate ce- 
ments. The following uses, in declining 
order, accounted for the remainder of the 
total shipments: stack-gas scrubbing, medic- 
inals and pharmaceuticals, water treat- 
ment, sugar and candy, foundry, fertilizer, 
electrical heating rods, fluxes, pulp and 
paper, uranium processing, and insulation 
and wallboard. Total shipments of caustic- 
calcined magnesia in 1984 were essentially 
unchanged from those of 1983. 


MAGNESIUM COMPOUNDS 


Table 3.—Magnesium compounds shipped and used in the United States 


Caustic-calcined! and specified (USP and technical) magnesias 


Magnesium hydroxide (100% Mg(OH»)! 
Magnesium sulfate (anhydrous and hydrous) 
Precipitated magnesium carbonate! 


Refractory magnesia 
"Revised 
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1983 1984 

Quantity Value Quantity Value 

(short (thou- (short (thou- 

tons) sands) tons) sands) 
WEN 142,751 7357,416 145,859 350,087 
PE 359,773 47,231 357,425 41,473 
3 : 10,769 49,116 13,214 
„ 6,003 1,101 1,032 1,181 


'455.834 "98473 374,280 37,945 


1Excludes material produced as an intermediate step in the manufacture of other magnesium compounds. 


PRICES 


At yearend, the Chemical Marketing Re- 
porter published the following prices for 
magnesium compounds: magnesia, natural, 
technical, heavy, 85% and 90% (f.o.b. Ne- 
vada), $232 and $265 per short ton, respec- 
tively; magnesium chloride, hydrous, 99%, 
flake, $290 per ton; magnesium carbonate, 
light, technical (freight equalized), $0.73 to 
$0.83 per pound; magnesium hydroxide, NF, 


powder (freight equalized), $0.78 per pound; 
and magnesium sulfate, technical, $0.115 
per pound. | 
Prices for magnesia increased by $10 per 
ton from those of yearend 1983. Magnesium 
carbonate prices increased by $0.05 per 
pound from those of 1983. All other magne- 
sium compound prices remained the same. 


FOREIGN TRADE 


Exports of crude and processed magne- 
sium compounds in 1984 increased signifi- 
cantly from those in 1982 and 1983 in both 
quantity and value. Canada was the pri- 
mary destination, and the bulk of the in- 
crease in total exports from 1983 to 1984 
was reflected by an increase in exports to 
this country. Total imports of crude and 
processed magnesite in 1984 reached their 
highest level in more than 30 years. Addi- 
tional magnesium compounds valued at 
more than $10 million were also imported. 

Beginning January 1, 1984, U.S. import 


duties for magnesium compounds were as 
follows: crude magnesite (TSUS 522.61), 
$0.98 per ton for most favored nations 
(MFN) and $10.50 per ton for non-MFN; 
caustic-calcined magnesite (TSUS 522.64), 
$2.10 per ton for MFN and $21.00 per ton 


for non-MFN; refractory magnesia contain- 


ing less than 4% lime (TSUS 531.01), 0.17 
cents per pound for MFN and 0.75 cents per 
pound for non-MFN; refractory magnesia 
containing greater than 4% lime (TSUS 
531.04), 6.0% ad valorem for MFN and 
30.0% ad valorem for non-MFN. 


Table 4.—U.S. exports of magnesite and magnesia, by country 


Magnesite and magnesia, Magnesite, n.e.c., including crude 
dead-burn caustic-calcined, lump or ground 
Country 1983 1984 1983 1984 
Quantity Value Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
Argentina |... za ETT = Te 804 $344 562 $180 
Australia 2,556 5551 " M 132 187 135 186 
Belgium- Luxembourg Ew — = zx 369 453 444 448 
Brazil. ---------- nee ME "T 141 89 42 97 
Canada__________ 4,665 1,028 14,439 $3,273 7,369 2,744 23,115 8,032 
Colombia 1,1 159 1,208 147 148 117 129 155 
Francde ur a z NN 134 100 220 174 
Germany, Federal 
Republic of |... 25 "AN z T 824 609 544 423 
Israel e Los = MU 817 544 1,132 789 
Italy —————— E "n 843 291 15 349 
Japan? 197 26 35 7 1 3 2 
Mexico 81 12 = NN 75 81 1,047 398 
Netherlands id — " "n 286 313 63 506 
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Table 4.—U.S. exports of magnesite and magnesia, by country —Continued 


Magnesite and magnesia, Magnesite, n.e.c., including crude 
dead-burned caustic-calcined, lump or ground 
Country 1983 1984 1983 1984 
Quantity Value Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
New Zealand ...... m xu Tue aon 1 $2 88 $130 
TTC ĩ E or "s c 341 212 221 235 
Sweden EN Ta 809 $83 118 133 197 145 
United Kingdom a oan t zen 15 111 133 180 
Venezuela ans d DN a 1,950 966 2,265 999 
F 2,165 $179 184 131 2,693 71,127 795 600 
Dot! 10,855 1.955 17,275 3,641 16,621 8,426 32,053 14,026 
r Revised 


Table 5.— U. S. imports for consumption of crude and processed magnesite, by country 


1983 1984 
Country Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 
Lump or ground caustic-calcined magnesia: ? 
/ rtm ac ere Ee isis etas 16,256 $3,086 29,650 $5,961 
;;; en e ht le ei 3,589 386 1,550 157 
Czechoslovakia `- - - ---------------------—- PS es 2,854 184 
7)... ³éͤd/ͤ ͤ k EA OEG 4,738 740 7,330 1.026 
FF: 0) 1 ¢ | eae ⁰⁰¹AÜ˙ͥ ˙ ¹˙¹. ;; 271 14 489 24 
Netherlands- _________________~_~__ ~~ ___ ee 927 123 43 12 
Spale eS Se ee E LM E EE 2,572 366 6,400 1,537 
i ß ß 2,685 670 4,126 566 
United Kingdoorr nnn 139 40 36 8 
I Äᷣ0 E ( ee E qd 252 51 948 119 
/ ³˙Ü—m.AàAͥͤ˙²¹¹AA ͤÄ2Tʃ: ͤ K een 31.429 5,476 54,026 9,594 
Dead-burned and grain magnesia and periclase: 
Not containing lime or not over 4% lime: 
BFI wtee Ge heen eee See 6,652 996 9,573 1,528 
Chines. ecu ³ .. i 4,827 458 30,556 4,138 
FCP ⁵ĩ²?¹tij¹¹ ²•md t õ DAL Kee LL. 6,889 938 48,844 1,056 
Fh. ³ð ⁵ eR te d y 24,230 7,535 13,984 3,569 
hh; ³ĩð2³A er a ³ tiet 454 588 8,129 2,000 
c et 1,474 337 6,345 1,667 
Netherlands ee ete 1 (3) 7,209 1,806 
South Africa, Republic oahsWs _ 1,222 567 552 273 
United Kingdoo U 21 4 3,331 424 
(0 1,1 MER ⁵⅛ j . . E E 1128 "72 1,255 705 
ll Eee S 45,898 11,495 129,784 23,116 
Containing over 4% lime: 
c uie E ie e p EE 1,241 302 3,739 976 
f . ne am 15,346 618 18,352 1,007 
Germany, Federal Republic of . . - 241 46 547 131 
„ d a e Li ELE 17,433 1,864 2,205 290 
A Ss pee et en M LM ed e Jain 46 4 394 34 
United Kingdom .. ln 222 8 141 33 
GM.. es ee ee ee e e 2 r3 Em EE 
CV; Le Mer o tea AC Ri Ae 34,531 2,845 25,378 2,471 
Total dead-burned and grain magnesia and 
periclase `- -------------------——- 80,429 14,340 155,162 26,187 


"Revised. 
1Data included for lump or ground caustic-calcined magnesia containing over 4% lime have been revised for 1983. 


2In addition, crude magnesite was imported as follows, in short tons and thousand dollars: 1983—Canada, 23 (revised) 
($4); the Federal Republic of Germany, 19 (revised) ($11); and Spain, 24 (revised) ($10). 1984—Australia, 117 ($30); Canada, 


44 ($9); the Federal Republic of Germany, 20 ($7); Japan, 546 ($184); Mexico, 12 ($1); and the United Kingdom, 6 ($1). 
Less than 1/2 unit. 
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Table 6.—U.S. imports for consumption of magnesium compounds 
Oxide or Magnesium Magnesium Magnesium n nun 
calcined carbonate! chloride chloride (epsom salts and compounds 
: magnesia (precipitated) (anhydrous) (other) and kieserite) n.s.p.f.? i 
CAF E | — 
Quan- Quan Quan Quan Quan- Quan- 
wey” Value Suy vawe uy Value Quy Vale Si vane uy Valu 
(short sands) (short ds) (short sands) (short nda) (short sanda) (short sandi) 
tons) tons) an tons) nos tons) tons) tons) 
1982 3,217 $3,166 173 $270 26 $11 1,086 $197 37,605 $2,184 2,690 $1,537 
1983 __ 6,725 5,355 185 235 15 11 1,761 282 39,405 2,539 1,938 1,358 
1984 __ 6,121 4,918 284 395 63 17 2,987 347 34,255 2,621 2,443 1,738 


1In addition, magnesium carbonate, not precipitated, was imported as follows, in short tons and thousand dollars: 


1982—125 ($69); 1983—12 ($28); and 1984—33 ($63). 


2Includes magnesium silicofluoride or fluosilicate and calcined magnesia. 


WORLD REVIEW 


World production of magnesite remained 
essentially the same as that of 1983. Produc- 
tion of magnesite and synthetic magnesia 
met world demand for the manufacture of 
refractory, caustic-calcined, and specified 
magnesias. 

China.—A review of the Chinese magne- 
site industry was published. It focused on 
magnesite deposits in Liaoning Province. 
Reserves of raw magnesite in this area have 
been estimated to comprise at least 3 billion 
tons. According to the report, high-quality, 
dead-burned magnesite could be produced 
from this deposit, but, because of inefficient 
calcining techniques and the use of high-ash 
containing coke, this has not been accom- 
plished. Conversion to other fuels, such as 
purified coal gas and heavy oil, in addition 
to adoption of advanced calcining tech- 
niques was planned in order to fully utilize 


the potential of this deposit.‘ 

Israel.—Dead Sea Periclase Ltd., a sub- 
sidiary of Israel Chemicals Ltd., announced 
plans to construct a $10 million plant to 
produce specialty magnesia chemicals for 
use by the pharmaceutical, plastics, and 
rubber industries. The new plant was to be 
designed to produce 8,800 short tons per 
year of a mixture of various grades of 
calcined magnesia, magnesium hydroxide, 
and magnesium carbonate. Magnesium 
chloride brine pumped from the Dead Sea 
will be used as the raw material, and 
conventional methods as well as the Aman 
process, which incorporates thermal decom- 
position of magnesium chloride brines, will 
be used for magnesia production. Produc- 
tion was expected to begin in the first half 
of 1986.5 


Table T.—Magnesite: World production, by country! 


(Short tons) 

Country 1980 1981 1982 1983P 19849 
Austens. E RES u 35,492 729,151 32,707 23,259 25,000 
AUSLFIS d as EU ee 71,452,845 1,271,414 1,136,927 1,108,668 1,100,000 
Brazil?___________________________ 348,166 7314,055 248,607 254,634 255,000 
Canada.??? ...2.22.... 69,000 76,000 75,000 74,000 76,000 
CHINA oc at ei a !.. es 2,200,000 2,200,000 2,200,000 2,200,000 2,200,000 
Colombia®_________________________ 41,744 1,800 1,800 1.800 1,800 
Czechoslovakia 734,139 732,000 740,752 729,729 728, 000 

))) A ue E E ee e MELLE 71,166,477 909,674 881,848 981,618 827,000 
lüdiB ee ͥ Ü ĩ%ͤ- eed 419,002 499,798 448,718 507,063 452,000 
III ere ee 4,400 4,400 5,500 5,500 5,500 
FEI ntm 2 ⁰• y 1 10 (9) ON m 
Korea, North® ______________________ 72,095,000 2,095,000 2,095,000 2,095, 000 2,095,000 
MeXICO inus sumus cue kk E 17,488 13,357 „793 25,559 25,4 
NTT oy ee LL 8 16,500 22,000 22,000 116,552 25,400 
New Zealand _______________________ n 340 €330 m "n 
Pakistan «oou cernes edid due e cy deas 1,681 1,710 1,861 2,033 2,200 
Poland__________________________- 124.302 712.436 17,631 17,086 18,000 


See footnotes at end of table. 
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Table 7.—Magnesite: World production, by country! —Continued 


(Short tons) 
Country 1980 1981 1982 1983P 1984* 
Sey Africa, Republic of-——— --------- 200.109 a PM gene 9912855 
palo edd ͤ E ; ; 000 
TUFKBy o i. LE 1910, 371 864,174 947,987 193,094 623,000 
5 ½ͥͥͤỹ̈ 8 2. 200, 000 e an e 2,400,000 
ni tatis- Ls m och LL i uid ut ec 
Yugoslavia ____________________-__- 288,630 330,336 362,060 335,102 336,000 
Zimbab e 86,219 66,352 67,000 *66,000 66,000 
C7 Len cum nunc 2 e ec 712,694,843 12,327,482 12,303,907 12,319,795 11.953, 300 
. preliminary. Revised. W Withheld to avoid disclosing company proprietary data; not included in 
446 ota Sd 


lFigures represent crude salable magnesite. In addition to the countries listed, Bulgaria produced 


magnesite, but 


output is not reported quantitatively, and available general information is inadequate for formulation of reliable 
estimates of output levels. Table includes data available through Apr. 30, 1985. 

?Series reflects output of marketable concentrates. Production of crude ore was as follows, in short tons: 1980—868,620 
(revised); 1981—681,228 (revised); 1982— 556,667 (revised); 1983—535,723; and 1984—551,000 (estimated). 

3Magnesitic dolomite and brucite. Figures are estimated on the basis of reported tonnage dollar value. 


*Reported figure. 
5 Year beginning Mar. 21 of that stated. 
Revised to zero. 


TECHNOLOGY 


The Bureau of Mines published results of 
research on producing full-size magnesia 
refractory bricks from chemically modified 
periclase grains and magnesium hydroxide 
slurries. Strength values, both hot and cold, 
for these bricks were superior to those for a 
commercial 98 weight percent magnesia 
refractory. Test results indicated that these 
refractories could potentially substitute for 
magnesia-chromite refractories containing 
imported chromite.* 

Research was conducted on a new method 
for preparing high-purity magnesia pow- 
ders for use in fabrication of electronic and 
ceramic structural components. In this 
method, called evaporative decomposition, a 
salt solution is atomized to form a spray of 
droplets. These droplets dry when injected 
into a furnace, resulting in precipitation of 
the salt, which subsequently decomposes to 
form an oxide powder. Most other tech- 
niques used to prepare these powders re- 
quire separate salt preparation and calcina- 
tion steps to form the oxide powder; howev- 
er, the evaporative decomposition technique 


reportedly accomplished both of these oper- 
ations in one step.’ 

The status of olivine consumption and 
production in the United States and abroad 
was reviewed. Indications were that new 
uses for olivine were emerging, such as slag 
conditioners in blast furnaces, in waste 
incinerators, and as abrasive material for 
the blasting industry, that could increase 
consumption. New sources of olivine were 
being developed in Canada, Norway, and 
Pakistan.* 


Physical scientist, Division of Nonferrous Metals. 
5 and Engineering News. V. 62, No. 43, Oct. 22, 
„p. 10. 
5 Engineering. V. 91, No. 26, Dec. 24, 1984, 


Schmid. H. China- the magnesite giant. Ind. Miner. 
(London), No. 203, Aug. 1984, pp. 21-45. 

‘Industrial Minerals (London). Specialty magnesia plant 
for 1986. No. 204, Sept. 1984, p. 19. 

Bennett, J. P., and T. A. Clancy Magnesia Refractories 
Produced From Chemically Modified Periclase Grains and 
MgOH» Slurries. BuMines RI 8848, 1984, 14 pp. 

Gardner, T. J., and G. L. Messing. Preparation of 
Powder by Evaporative Decomposition of Solutions. 
ram. Bull., v. 63, No. 12, Dec. 1984, pp. 1498-1501. 

5Griffiths, J. Olivine—exchanging new uses for old. Ind. 
Miner. (London), No. 204, Sept. 1984, pp. 65-79. 


Manganese 


By Thomas S. Jones! 


World production of manganese ore rose 
slightly compared with that of 1983. Con- 
sumers in the major steel-producing regions 
of market economy countries generally paid 
higher prices for metallurgical ore, with the 
increases ranging up to 5%. China entered 
notably into international ore trade, mak- 
ing significant purchases from Australia 
and Gabon. These two countries also contin- 
ued to supply high-grade concentrates to 
the U.S.S.R. Ore production and shipments 
in the United States again consisted of only 
manganiferous materials in relatively small 
quantity compared to overall domestic ore 
consumption. 

Oversupply and overcapacity for manga- 
nese ferroalloys still was evident in the 
market economy countries. In the United 
States, ferroalloys and manganese metal 
were each produced by only two firms. The 
U.S. Government continued a program of 
. upgrading ore in the National Defense 


Stockpile into high-carbon ferromanganese, 
but determined that imports of ferroalloys 
did not threaten national security, and 
therefore, the domestic ferroalloy industry 
should not be provided assistance on those 
grounds. A 9% increase in domestic raw 
steel production brought about a compar- 
able increase in overall domestic consump- 
tion of manganese ferroalloys. Reported 
data indicated that the rate of manganese 
consumption in steelmaking increased only 
slightly. 

Domestic Data Coverage.—-Domestic pro- 
duction data for manganese are developed 
by the Bureau of Mines from three sep- 
arate, voluntary surveys of U.S. operations. 
Typical of these surveys is the “Manganese 
and Manganiferous Ores" survey. Of the 
four operations to which a survey request 
was sent, all responded, representing 100% 
of the total production shown in table 3. 


Table 1.—Salient manganese statistics 


(Thousand short tons) 
1980 1981 1982 1983 1984 
United States: 
ese ore (35% or more Mn): 
mports for consumption 698 639 238 368 338 
Consumption 1.071 1.077 609 531 627 
VE coe rims ore (5% to 35% Mn): 
uction (shipment) 174 175 32 34 88 
Ferromanganese: 
Production --—------------------- 189 193 119 86 W 
Exports FFC 12 15 10 8 7 
Imports for consumption 6 671 493 342 4 
Consumption „„ 789 821 439 446 492 
World: Production of manganese ore "29,086 725,896 26,595 P24,093 25,341 


Estimated. Preliminary. Revised. 


W Withheld to avoid disclosing company proprietary data. 
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Legislation and Government Pro- 
grams.—As announced in May (49 FR 
21391), the President determined that fer- 
roalloy imports did not threaten to impair 
U.S. national security. This decision was in 
response to the domestic ferroalloy indus- 
try's 1981 petition filed under section 232 of 
the Trade Expansion Act of 1962. The deci- 
sion took into account two actions instituted 
since filing of the petition: the termination 
of the Generalized System of Preferences 
tariff for high-carbon ferromanganese and 
the initiation of a 10-year program of up- 


grading ore in the National Defense Stock- 


pile into high-carbon ferromanganese and 
high-carbon ferrochromium. Indicative of 
the progress of the stockpile upgrading 
program, stockpile data for manganese 
showed that the General Services Adminis- 
tration (GSA) accepted into inventory 
24,332 tons? of high-carbon ferromanganese 
produced by Elkem Metals Co. in 1984, the 
first year of the upgrading program. In 
November, GSA awarded a $17.8 million 
contract, also to Elkem Metals, for upgrad- 
ing 80,039 tons of metallurgical manganese 
ore in the stockpile into high-carbon ferro- 
manganese in 1985. Originally, the solicita- 
tion made in August had called for 
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conversion of 156,000 tons of ore. Payment 
by the Government in excess stockpile ma- 
terials was to continue. 

GSA's legislative authority to dispose of 
manganese materials in Government inven- 
tories was changed, starting in October with 
the beginning of fiscal year 1985, as follows: 
natural battery ore, stockpile grade, re- 
duced by about 23,000 tons to 17,649 tons; 
chemical ore, reduced to zero; and metallur- 
gical ore, nonstockpile grade, increased by 
292,000 tons to 949,510 tons. The authority 
for disposal remained at 33,561 tons for 
natural battery ore, nonstockpile grade, and 
at zero for all other stockpiled manganese 
materials not mentioned. Sales and changes 
in inventory of manganese materials were 
as follows: | 


Sales Chan 
ge 
(short tons) in year 
i Non- . end in- 
Material Stock stork. ^ ventory 
P ds pile (short 
gra grade tons) 
Natural battery ore 6,040 o -1,516 
Chemical ore 19,847 -- 115.803 
Metallurgical ore — 8,400 47,951 
High-carbon ferromanga- 


neee a — +24,332 


Table 2.—U.S. Government stockpile goals and yearend inventories for manganese 
materials in 1984 


(Short tons) 


Physical inventory, Dec. 31 
Uncommitted 


Material spo ae Sold, 
Stockpile Nonstock. Total F 
radó pile grade j shipment 

Natural battery ore 62,000 175,593 33,561 209,154 8,965 218,119 
Synthetic manganese dioxide. _ _ _ — 25,000 3,01 8 3,011 E 8,011 
emical ore 170,000 171,717 89 171,806 20,710 192,516 
Metallurgical ore 2,700,000 2,367,737 942,679 3,310,416 245,162 3,555,578 
High n ferromanganese_ _ _ _ _ 439,000 624,310 zits 624,310 es 24,310 
Medium-carbon ferromanganese .. _ ae 28,920 sA 28,920 MN 28,920 
Silicomanganese 35% 2a 23,574 ae 23,574 age 23,574 
Electrolytic metal |. RM 14,172 ne 14,172 HI 14,172 


A National Materials Advisory Board 
study found that manganese dioxide was 
the only manganese material in the stock- 
pile in need of a quality assessment. This 
determination applied to natural and syn- 
thetic manganese dioxide, and both were 
assigned medium priority for urgency of 
need for assessment. 

The National Oceanic and Atmospheric 
Administration issued licenses for: deep- 
sea-bed mining exploration to four U.S. 
applicants: Kennecott Consortium, Ocean 
Management Inc., Ocean Minerals Co., 


and Ocean Mining Associates. Designated 
sites in all licenses were in the Clarion- 
Clipperton Fracture Zone of the Northeast- 
ern Equatorial Pacific Ocean. These li- 
censes were issued in September and Octo- 
ber in accordance with the Deep Seabed 
Hard Mineral Resources Act (DSHMRA). 
Funding of $3 million to carry out regu- 
latory and developmental programs of 
DSHMRA between October 1984 and Sep- 
tember 1986 was authorized on November 8 
under Public Law 98-623. 
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DOMESTIC PRODUCTION 


Ore and Concentrate.—No manganese 
ore, concentrate, or nodules containing 35% 
or more manganese were produced or 
Shipped in the United States, nor were 
ferruginous manganese ores or concen- 
trates containing from 10% to 35% manga- 
nese produced. Ferruginous manganese con- 
centrates averaging about 15% manganese 
continued to be shipped from the Cuyuna 
Range of Minnesota. Such shipments were 


about six times as great as in 1983, and were 
the most since 1981. Manganiferous schist, 
clay, or other earthy material associated 
with the manganiferous member of the 
Battleground schist of the Kings Mountain 
area was mined in Cherokee County, SC, by 
brick manufacturers or contractors for use 
in coloring brick. Manganese content of this 
material ranged from 5% to 15% but aver- 
aged less than 10%. 


Table 3.—Manganiferous ore shipped! in the United States, by type and State 
(Short tons unless otherwise specified) 


Type and State 


Ferruginous manganese ore (10% to 35% Mn, natural): 


Minnesota ____________________________e_ 


Manganiferous iron ore (5% to 10% Mn, natural): 


South Carolina? __ _______________-______-_- 


1983 1984 
Man- Man- 

Gross Gross 

weight content weicht Content 
WR 11,314 1,655 68,019 8,754 
— 22,209 1,987 20,404 1,799 
coe 33,523 3.642 88,423 10,553 
MT $215, 693 XX $860,226 XX 


"Revised. XX Not applicable. 


1Shipments are used as the measure of manganiferous ore production for compiling U.S. mineral production value. 


2Miscellaneous ore. 


Ferroalloys and Metal.—Publication of 
production and shipments data was pre- 
cluded by further contraction of the domes- 
tic industry. Closure of the silicomanganese 
plant of Autlan Manganese Corp. near Mo- 
bile, AL, was made permanent toward year- 
end. The plant’s electric furnace, which had 
not operated since July 1982, was to be 
moved to the parent company’s facilities in 
Mexico. Sale of the Globe Metallurgical Div. 
of Interlake Inc., which included silicoman- 
ganese production facilities at Beverly, OH, 
was completed in November. The buyer was 
Pickands Mather & Co., a subsidiary of 
Moore McCormack Resources Inc., which 
was to operate its acquisition under the new 
name of Globe Metallurgical Inc. The plant 
of Roane Alloys Div. of Samancor Metals 
and Minerals Ltd. at Rockwood, TN, re- 
mained in mothballed status. The plant of 
SKW Alloys Inc. at Calvert City, KY, conti- 
nued on strike throughout the year. The 
furnace that was operated there by salaried 
personnel did not produce manganese 
ferroalloys. 


Among the two producers of manganese 
ferroalloys, Elkem Metals underwent a 
change in ownership structure. In August, 
Elkem A/S of Norway increased its partici- 
pation in Elkem Metals from 49% to a 
majority of 67% by buying an additional 
18% share from the Jebsen Group, also of 
Norway. This reduced the Jebsen Group’s 
shareholding to 10% while the balance of 
23% continued to be held by a group of 
Norwegian investors. Elkem Metals was the 
only domestic producer of high-carbon fer- 
romanganese. Chemetals Inc. produced low- 
and medium-carbon ferromanganese sold 
under the trade name of Massive Manga- 
nese. 

Those production quantities tabulated for 
manganese ferroalloys are net production 
for shipment outside the producing ferroal- 
loy facility, and do not include that portion 
of gross production recycled to the furnaces, 
used as an intermediate in producing 
medium- or low-carbon ferromanganese, or 
lost in the plant. 
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Table 4.—Domestic producers of manganese products in 1984 
Co Plant locati Producti: Type of process 
oca 0 
N 3 FeMn  SiMn Mn MnO, E 
Chemetals Inc: 
Chemicals Div |... Baltimore, MD E er P X Chemical. 
Metals Div Kingwood, WV X E n SEN Fused-salt electrolytic. 
Elkem Metals Co Marietta, OH _ X X X = Electric furnace and 
electrolytic. 
Kerr-McGee Chemical Corp Hamilton, MS c sans X SER Electrolytic. 
Do. um tees Henderson, NV NN NH "a X Do. 
RAYOVAC Corp: ESB Covington, TN. ore Tem EN X Do. 
Materials Co. 
Union Carbide Cord Marietta, OH _ z A Mer X Do. 


1FeMn, ferromanganese; SiMn, silicomanganese; Mn, electrolytic manganese metal; MnOs, synthetic manganese 


dioxide. 


Table 5.—Ferromanganese and silicomanganese produced and shipped in the United 
States and manganese ore consumed in their manufacture 


(Thousand short tons, gross weight, unless otherwise specified) 


Ferromanganese 
1 
Production Silicomanganese Manganese ore 
consumed 
Year Per ton of 
T Manganese E 5 
ross content ; ; ; 0 ganese an 
weight (average Shipments Production Shipments quantity silicoman- 
percent) ganese 
made 

1980 189 80 194 188 162 726 1.9 
Il! ee: 193 80 188 178 173 743 2.0 
198832 8 119 82 98 69 83 412 2.2 
193 86 81 109 W 63 283 W 
198444 W 82 W W W W 


W Withheld to avoid disclosing company proprietary data. 


lContaining 35% or more manganese (natural); foreign ore plus small quantities from U.S. Government excess 


Stockpile disposals. 
2Includes ore used in producing manganese metal. 


CONSUMPTION, USES, AND STOCKS 


Ironmaking and Steelmaking.—The av- 
erage rate at which manganese was con- 
sumed as manganese ore in making pig iron 
or equivalent hot metal remained at 1.1 
pounds per ton of raw steel. This rate was 
calculated from a reported consumption of 
about 117,000 tons of manganese ore con- 
taining more than 35% manganese, all of 
foreign origin, in iron blast furnaces and 
production of 92.5 million tons of raw steel 
as ingots, continuous- or pressure-cast 
blooms, billets, slabs, etc. Iron blast fur- 
naces consumed an additional 116,000 tons 
of domestic manganiferous iron ore con- 
taining 5% to 10% manganese, part of 
which appeared to have been a blend of iron 
and manganese materials. No manganese 
ore containing 35% or more manganese was 
reported to have been used directly in 
stcelmaking. 


Unit manganese consumption in steel- 
making as ferroalloys and metal increased 
only slightly over the decreased level 
reached as of the latter part of 1982. For 
reported consumption in the production of 
93.5 million tons of raw steel and steel 
castings in 1984, pounds of manganese con- 
sumed per ton of raw steel was 7.9 as 
ferromanganese, 1.4 as silicomanganese, 
and 0.2 as metal, for a total of 9.5. In 1983, 
the corresponding unit consumption in pro- 
duction of 85.3 million tons of raw steel and 
steel castings totaled 9.2, of which ferro- 
manganese accounted for 7.8; silicoman- 
ganese, 1.2; and metal, 0.2. Reported data 
also indicated that the proportion of ferro- 
manganese and silicomanganese consumed _ 
in making carbon steel was somewhat high-. 
er, and in making alloyed steels somewhat 
lower, than in 1983. 
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Table 6.—U.S. consumption and industry stocks of manganese ore, by use 
(Short tons) 
U Consumption Stocks, Dec. 31 
T 1983 1984 1983 1984 
Manganese alloys and metall 274,280 W 270,933 257,698 
Pig iron and steal ))VJJüöͥͤͥ IRE 105,505 W 101,971 96,679 
Dry cells, chemicals, miscellaneous „ 150,874 W 244,584 221,890 
AA uu esr ses ei LU ee ea 530,659 626,789 617,488 582,261 


W Withheld to avoid disclosing company proprietary data. 


lContaining 35% or more manganese (natural); foreign ore plus small quantities from U.S. Government excess 


stockpile disposals. 


3Natural ore, inclading that consumed in making synthetic manganese dioxide. 


Table 7.—U.S. consumption, by end use, and industry stocks of manganese ferroalloys 
and metal in 1984 


(Short tons, gross weight) 


Ferromanganese " 
a Modi Silico- Man- 
nd use High ilum manga- ganese 
and low Total ese etal 
carbon cachon n m 
Steel: 
l Sh ee ee 308,410 73,151 381,561 71,654 4,689 
Stainless and heat-resisting. __________________ _ 12, 608 12,672 4,683 1,912 
Full alloy- --—-------------------------—- 33,613 8,893 2,506 14,331 1,340 
High strength low-alloy - - ------------------—- 27,956 6,643 34,599 5,608 604 
p ee oe See ee eee (?) (1) (1) (2) (*) 
Tool —. "n eames se A 8 303 (4) 303 ) 74 
Unspecified. ~- ee 8 440 139 579 660 132 
CCC Ye eae eee 382,786 89,434 472,220 96,936 8,751 
Castironb.-.—— . au eres PEFC 13,195 555 13,750 3,864 
Superalloyhy⸗yysss „„ 210 W 210 25 216 
Alloys (excluding alloy steels and superallo ys) 1.048 220 1,268 W 718,455 
Miscellaneous and unspecified - - - - - - ------------—- 3,642 1,073 4,115 2,029 412 
Total consumptioouua kk 400, 881 91,282 492,163 102,854 227,894 
Total manganese content®_______________-_-_- 313,000 73,000 386,000 68,000 28, 000 
Stocks, Dec. 31 
P UÄÄ˖« ² ͤ˙AA—TAww ͥ ³ĩo¹1ͥͥ 6m quit ear audere W W 136,134 W W 
FFC a ĩ ELS E E es W W 23,325 W W 
Total stocks_ - - - - --- -----------------——- 134,245 25,214 159,459 12,440 4,349 


W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and unspecified” where 


applicable. 


„Withheld to avoid disclosing company proprietary data; included with “Steel: Unspecified.” 
2Partly based on data of the Aluminum Association Inc.; not directly comparable with data prior to 1984. 
Estimated based on typical percent manganese content (rounded). 


Battery and Miscellaneous Industries.— 
Major battery manufacturers reported 
gains in sales of dry cells and were particu- 
larly emphasizing the alkaline-manganese 
dioxide type in which synthetic dioxide was 
used. Synthetic dioxide was also used as a 
blend with natural ore in carbon-zinc dry 
cells, mainly the heavy-duty type, and in 
specialized chemical applications. Foote 
Mineral Co. began converting part of its 
idled electrolytic manganese metal plant at 
New .Johnsonville, TN, to production of 
electrolytic manganese dioxide (EMD). The 
conversion, expected to be completed by late 


1985, will give Foote Mineral an EMD 
capacity of 10,200 tons per year. The conver- 
sion project was capitalized at $17.4 million, 
with funding to be spread among industrial 


. development revenue bonds, an operating 


lease, and internally generated monies. 
Developments affecting domestic produc- 
tion of manganese sulfate included an an- 
nouncement by Tennessee Eastman Co., a 
unit of Eastman Kodak Co., that as of 1986 
it would change its process for manufactur- 
ing hydroquinone, a photographic develop- 
er, from one requiring manganese ore to 
one based upon diisopropyl benzene tech- 
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nology. Manganese sulfate is a byproduct of 
the process Tennessee Eastman has been 
using at its Kingsport, TN, plant. Eagle- 


Picher Industries Inc. began limited produc- 


tion of manganese sulfate at Fairbury, NE, 
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after having ended sulfate production at 
Cedartown, GA, in 1983. Manganese sulfate 
is used in animal feed, in fertilizer as a 
micronutrient, and as an intermediate in 
making other manganese chemicals. 


PRICES 


Manganese Ore.—Prices depend primari- 
ly on manganese content but also on other 
chemical constituents, and on physical 
character, quantity, delivery terms, ocean 
freight rates, insurance, inclusion or exclu- 
sion of duties if applicable, buyers' needs, 
and availability of ores having the specifica- 
tions desired. Trade journal quotations re- 
flect the editors' evaluations of the market. 

Protracted negotiations between suppli- 
ers of metallurgical ore and Japanese con- 
sumers culminated about late May in an 
overall average price increase of less than 
3% for a contract volume, about 20% great- 
er than in 1983. A price increase of about 
5% was reported about midyear for deliver- 
ies to West European ports. The average 
price, c.i.f. U.S. ports, for metallurgical ore 
containing 48% manganese was $1.42 per 
long ton unit, compared with $1.38 in 1983; 
per metric ton unit, these prices were $1.40 
and $1.36, respectively. These prices convert 
to 6.3 and 6.2 cents per pound of manganese 
in ore, respectively. 

Manganese Ferroalloys.—A published 
list price for domestically produced high- 
carbon ferromanganese was not available. 
About midyear, 
ceased reporting the nominal value of $490 
per long ton of alloy, f.o.b. shipping point. 
This had been listed since 1982 for standard 
high-carbon ferromanganese with a mini- 
mum manganese content of 78%. The price 
of comparable imported high-carbon ferro- 


industry publications 


manganese averaged marginally higher 
than in 1983, having risen from the yearend 
1983 price of $320 to $335 per long ton of 
alloy, f.o.b. Pittsburgh or Chicago ware- 
house, to $330 to $340 by mid-1984 and then 
having decreased to $325 to $335 in October 
and for the rest of the year. The price of 
imported silicomanganese containing 296 
carbon followed a similar trend of advanc- 
ing and then falling back. The price of this 
ferroalloy had ended 1983 at 18.5 cents per 
pound of alloy, f.o.b. warehouse, dropped to 
17.5 to 18.5 cents beginning in January 
1984, rose to a peak of 20.5 to 21.5 cents by 
mid-June, and declined in the last quarter 
to a final value of 18 to 20 cents. The price 
of the same grade of domestically produced 
silicomanganese stayed at 21 cents per 
pound of alloy, f.o.b. producer, from 1983 
through the first half of 1984, after which it 
increased to 23.5 cents, where it remained 
for the rest of the year. 

Manganese Metal.—Domestic suppliers 
increased the list price of electrolytic metal 
in mid-March and again in the latter part of 
November. The first increase was from 70 to 
76 cents and the second to 80 cents per 
pound for bulk shipments, f.o.b. shipping 
point. A similar degree of firming of metal 
price was reported in Western Europe and 
Japan. The increases in the United States 
gave a year-average price nearly 10% high- 
er than that for 1983. 


FOREIGN TRADE 


Exports of ferromanganese, silicoman- 
ganese, and manganese metal (including 
alloys and waste and scrap) all decreased 
compared with those in 1983. About four- 
fifths of the unusually large shipments 
reported as exports of ore and concentrate 
were actually reexports to Canada, France, 
and Italy. Most of the rest of the ore exports 
appeared, as usual, to be metallurgical ore 
obtained from excess Government stocks 
shipped to Canada and Mexico and of im- 
ported manganese dioxide ore possibly 
ground, blended, or otherwise classified in 
the United States and shipped elsewhere. 
Additional shipments of ore to Canada and 


Mexico reported as reexports totaled 8,327 
tons and were apparently metallurgical ore. 

Gabon was again the leading source of 
manganese ore imports, but its share of the 
total dropped somewhat to about two-fifths. 
Average grade of imported ore increased to 
48.7%. The quantity of manganese im- 
ported as ore and dioxide decreased to 42% 
of that imported as ferroalloys and metal. 
Imports of manganiferous ore consisted of 
18,119 tons from Brazil with an average 
manganese content of 33% and 1,047 tons 
from Mexico with an average manganese 
content of 30%. 

Imports of ferromanganese increased by 
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about one-fifth overall. Imports of medium- 
carbon ferromanganese showed an especial- 
ly pronounced increase, particularly from 
the Federal Republic of Germany. Average 
manganese content of all ferromanganese 
imports rose to 78.6%. Silicomanganese im- 
ports were only slightly below the 1983 
record-high total and included about 9,000 
tons from Romania. Imports of unwrought 
manganese metal were a record-high at 
about 2.5 times those in 1983. Virtually all 
metal imported was shipped from the Re- 
public of South Africa. 

Imports for consumption of spiegeleisen 
were reported as 220 tons, composed of 132 
tons from Canada and 88 tons from the 
Federal Republic of Germany, the latter 
having relatively high unit value. 

Among imports of manganese chemicals, 
those of manganese dioxide increased, set- 
ting another record. All but 214 tons were 
apparently synthetic dioxide for battery or 
chemical applications. Manganese sulfate 
imports, varying considerably in unit value, 
were reported as 201 tons, including 94 tons 
from China, 74 tons from the Federal Re- 
public of Germany, 20 tons from Belgium- 
Luxembourg, and 13 tons from Japan. Im- 
ports for consumption of potassium perman- 
ganate were 1,312 tons, of which the princi- 
pal sources were Spain, 1,008 tons; China, 
196 tons; the German Democratic Republic, 
88 tons; and Czechoslovakia, 20 tons. 

Tariffs.—Countervailing duties of 1.53% 
on medium- and high-carbon ferroman- 
ganese and silicomanganese imported from 
Spain on or after July 26, 1982, were ended 
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on October 23, 1984, when the International 
Trade Commission (ITC) terminated its 
countervailing duty investigation of ferroal- 
loys from Spain. This action came after The 
Ferroalloys Association, the petitioner, noti- 
fied the ITC in August that it wished to 
withdraw its request for imposition of coun- 
tervailing duties on ferroalloys from Spain. 

Imports of potassium permanganate were 
the subject of several actions and investiga- 
tions. As an outgrowth of investigations and 
determinations made in 1983, the Interna- 
tional Trade Administration (ITA) of the 
U.S. Department of Commerce in January 
issued antidumping duty orders against im- 
ports from Spain and China. Margins were 
5.49% for permanganate from Spain and 
39.63% for permanganate from China. 
Countervailing duties against Spanish ma- 
terial lasted only until April 30, at which 
time an early determination by ITA found 
no dumping margins existed on Spanish 
permanganate imported between August 9, 
1983, and January 10, 1984. Carus Chemical 
Co. of La Salle, IL, the sole domestic produc- 
er of potassium permanganate and on strike 
by production workers from June 1 and 
thereafter, was the U.S. company affected 
by these developments. Carus Chemical 
again petitioned the Government for import 
relief at the end of November, asking the 
ITC to determine under section 201 of the 
Trade Act of 1974 whether increased im- 
ports of potassium permanganate were 
causing or likely to cause serious injury to 
the domestic industry. 


Table 8.—U.S. exports of manganese ore, ferroalloys, and metal, by country 


(Gross weight) 
1983 1984 
Country Quantity Value Quantity Value 
(short tons) (thousands) (shorttons) (thousands) 

Ore and concentrates containing 5% or more manganese: 
Brazil. i et AAA y Ngee la as 4, $605 = M 
Ji; 5 it ata i Es. 12,625 1,030 54,859 $4,225 
C7 st aC e m T un 109,664 6,300 
Italy i ss ]⁰;Üͤm ⁵ð ᷣ y E LH Lu LU Ere TUM 38,181 2,212 
I decens y e E LUE Es E. 357 25 25,9877 1,705 
EP NET K d eer 1,823 312 8,915 1,201 
/////⁵˙· ⁵⅛ðV0 = E 19,314 1,972 231,606 15,643 

Ferromanganese: 

Cañada scga ma n CE 8,061 5,509 5,498 3,745 
INC ⁰³ ͥ ͥ e 83 71 277 241 
Trinidad and Tobago 198 117 879 355 
Bep | cl A tap yt A i taa em 91 68 110 55 
õͤõõ ] ¹˙Ü¹ſAAͥͤ³⁵˙¹ V1. 8 8,433 5,765 6,764 14.397 


See footnotes at end of table. 
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Table 8.—U.S. exports of manganese ore, ferroalloys, and metal, by country —Continued 


(Gross weight) 
1983 1984 
Country Quantity Value Quantity Value 
(short tons) (thousands) (shorttons) (thousands) 
Silicomanganese: 
%% ͥͥͥ ee eh uL ree th Be 175 $105 123 $97 
Dominican Republic - - -------------------—--——- z PNE 466 243 
apa. xol s . ³˙Ü¹•. 0 3,549 593 de NT 
Trinidad and Tobago 2,697 1,042 962 345 
Oe eg es e e Nc 6 3,783 1,552 
OB MEE i ses es ³ AAA ee 6,426 1,746 15,333 2,237 
Metal including alloys and waste and scrap: 
Belgium- Luxembourg 1,002 1,518 1.015 1,460 
e ln awe" 374 603 280 462 
DU naa NOR LEER EU 1,685 1,576 23 30 
Jö ⁰⁰¹ .f. K LEA Ceu E 805 908 1.533 2,035 
Netherlands ca ⁵ð d x tete 1,008 1,519 384 493 
Weden nl locu: wg uu dete AE E 903 1,552 182 256 
0,1, 2 CL 8 1614 1855 664 1,179 
fh ³o ——— HO — € 6,391 8,531 14.082 5,915 
Revised 


Data do not add to total shown because of independent rounding. 


Table 9.— U. S. imports for consumption of manganese ore, ferroalloys, metal, and 


dioxide, by country 
1983 1984 
Man- Man- 
Country e ganese Value g ganese Value 
(short N 3 hort n beu 
short san sho san 
tons) tons) tons) tons) 
ORE AND CONCENTRATES 
3596 or more manganese: 
e, ß ee LL LL D 29,319 15,118 $1,740 39,689 21,005 $2,610 
Brazil semel w re Vee cn re 18,928 89,112 3,142 88,333 44,259 8,135 
Gabon . tiet LEE e Li scri 171,018 ,509 9,628 132,985 66,135 6,898 
Mexico o os 63,588 25,598 3,575 40,831 116,298 2,122 
Mörö- — ie i i 39 120 12 77 139 21 
South Africa, Republic off 25,406 12,703 1,170 36,179 17,286 1,178 
rr ee 368,297 178,060 19,867 338,094 165, 023 16,024 
Of which, more than 35% but less than 47% 
manganese: Mexico 59,053 23,428 2,815 38,028 14,897 1,975 
FERROMANGANESE 
All grades 
rr AA Eu ae E ore 5,937 4,637 1,406 
Belgium- Luxembourg 2.522 2,053 1.248 84 758 787 
FF! eue t 28,5 22,022 5,971 9,425 1,266 2,477 
Canada -occa J ]⅛· y E E LA LE 2,9 1,761 600 2,052 1,408 352 
France 2: ͥ A½:ff ¼ usu Lis e 117,142 91,611 32,494 123,031 96,445 33,271 
Germany, Federal Republic of |... 5,696 4,552 2,688 24,308 19,794 11,650 
/%77õ·öĩ;1³ c E N 2,757 2.231 1.638 2,156 2,225 1,885 
MeXICO cesan eue se i ig e te 36,302 28,519 10,899 39,124 30,876 12,715 
Norway ⁵ Pi ee 8 207 20,621 1,010 39,844 31,920 12,092 
Portugal ] ³ Ü AAA eh auci 17, 637 18,565 3,212 17,444 13,475 237 
South Africa, Republic oaHhHtHlkw - 87,664 67,988 22,841 133,708 104, 497 94,599 
on ROTE ᷣ ͤ E 00000 ĩ 4,404 3,523 923 6,320 4,972 „587 
ugoslavia ca 10,862 7,914 2,498 4,519 3,427 1,120 
Total Jh.“ 341,608 266, 360 93,083 409,310 321,699 117,678 
Of which, 1% or less carbon: 
Belgium- Luxembourg zie ae e 843 757 181 
Canada... ai. mot P" V 17 12 2 
File... Ske 3,668 3,291 3,426 892 790 1,012 
Germany, Federal Republic of 2,218 1.730 1.062 NO -— A. 
NON WEY o ³ • . ð y ⁊ y ⁰ʒ AL 1.081 935 922 3,268 2, 872 2,153 
J%%ͤ A 6,967 5,957 5,410 5,020 4,431 4,554 


See footnotes at end of table. 
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Table 9.— U. S. imports for consumption of manganese ore, ferroalloys, metal, and 
dioxide, by country —Continued 


1983 1984 
Man- Man- 
Country Med ganese Value oon ganese Value 
( ea content (thou- (short content (thou- 
tons) (short sands) tons) (short sands) 
tons) tons) 
FERROMANGANESE —Continued 
All grades —Continued 
More than 1% to 4% or less carbon: 
Belgium- Luxembourg 2,522 2,053 $1,248 bogs ds 
Brazil. e 8 e m Rus 606 497 $297 
Canada. ˙m» »A»½è. 8 568 457 282 17 12 2 
France | i tdi e t = To 4,368 3,655 2,139 
Germany, Federal Republic of 3,478 2,822 1,626 24,308 19,794 11,650 
BDA- on cs e ron LEE 2,151 2,231 1,638 2,156 2,225 1,385 
Mexico _ - n ⁵ 88 10,578 8,542 4,889 15,830 12,727 7,540 
South Africa, Republic og 5,136 4,108 2,945 49 521 313 
SS ]³ꝛ ³ 4,404 3,523 1,923 4,916 3,980 2,941 
Total* ic case Sete 29,442 23,135 13,952 53,509 43,419 25,674 
SILICOMANGANESE 
r ⁰Ü¹Ü¹ꝗ % ¹D. m. 8 16.227 10,654 4,286 14,181 9,344 .4,096 
Braz -— 2t a te ⁰ E 30,803 20,269 8,582 46,591 30,565 14,190 
CON a ea ies va 815 525 242 933 632 302 
France 222.22 eee hl Ie eee SNA Es Sas 413 270 253 
ORC a r ig 8 5,731 3,839 1,695 15,447 10,311 5,002 
Norway — eh Lue ee ee 6,628 4,219 2,926 11,854 7,680 5,137 
b ˙ eco eae ele 10, 412 6,820 2,667 827 498 141 
Romania -——— enu LI er | rt KE 9,094 6,066 3,011 
Sou Africa, Republic off 52,196 34,704 14,564 23,425 15,694 7,138 
SDAI: 2e o ee 8 1,221 780 747 1.265 820 765 
Yugoslavia ROME oy charts yet nena MDC 15,563 10,182 4,408 14 465 9,459 4,711 
!!! cies 139,657 91.992 40,117 138,494 91,339 44,146 
METAL 
Unwrought: 
South Africa, Republic OB ueste oon eL es 5,295 XX 5,034 13,295 XX 12,951 
United Kingdom" „ "S XX T 19 XX 27 
. 5·¹¹wm ec St ot 5,295 XX 5,034 13,314 XX 12,978 
Waste and scrap: Canada _________________ 655 XX 289 ee E 
DIOXIDE 
Belgium-Luxembourg ___________________ 495 XX 555 453 XX 381 
Bl! a E 1 XX 1 188 XX 908 
Groce ↄo Sa AAA ĩ A 8 1.852 XX 2,082 2,600 XX 3,112 
Ireland. o k Ld 118 XX 170 218 XX 302 
7 cn gn uec e e LE 18,174 XX 23,283 19,884 XX 25,165 
Korea, Republic o ES XX Ll 211 XX 256 
United Kingdoh!nu „ 100 XX 123 240 XX 161 
e.! ERES 173 XX r96 102 XX 91 
Total?___________________ 20,813 XX 26,310 24,498 XX 30,378 
TRevised. XX Not applicable. 
Includes Bureau of Mines conversion of part of reported data (from apparent MnOz content to Mn content). 
Mata may not add to totals shown because of independent rounding. 
SCountry of transshipment rather than original source. 
Table 10.—U.S. import duties on manganese materials 
ilem TSUS Most favored nation (MFN) Non-MFN 
No. Jan. 1, 1984 Jan. 1, 1987 Jan. 1, 1984 
Ore and concentrate 601.27 22 e eoa Free - soo 1 cent per pound 
Mn. 
Ferromanganese: 
Low- cardoͤ-wn 606.26 2.5% ad valorem! ___ 2.3% ad valorem. . 22% ad valorem. 
Medium- carbon 606.28 1.4% ad valorem! _ __ 1.4% ad valorem. _ 6.5% ad valorem. 
High-carbon- ---------- 606.30 1.6% ad valorem _ _ _ _ 1.5% ad valorem. _ 10.5% ad valorem. 
Silicomanganese . 606.44 4.7% ad valorem! ___ 3.9% ad valorem_ . 23% ad valorem. 
C!!! A 88 632.30 14% ad valorem 14% ad valorem _ _ 20% ad valorem. 


Free from certain countries under Generalized System of Preferences, not including Brazil for silicomanganese. 
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WORLD REVIEW 


For ferromanganese, overcapacity in 
Western Europe was an unresolved prob- 
lem. In May, the European Commission 
disallowed the formation of Euromang, a 
cartel of suppliers of high-carbon ferroman- 
ganese to the European Economic Commun- 
ity (EEC) that materialized late in 1983. 
Subsequently, the European Commission 
was reported to be working on a plan to 
reduce EEC capacity for high-carbon ferro- 
manganese by 20%. Changes in the ferroal- 
loy interests of French-based Pechiney, Car- 
lo Tassara Stabilimenti Elettrosiderurgici 
S. p. A. in Italy, and Hidro Nitro Españolas 
S.A. in Spain signified greater participation 
in these companies and/or ore sourcing for 
them by Gabonese and South African man- 
ganese mining companies. Statistics on pro- 
duction of manganese ferroalloys are pre- 
sented in the "Ferroalloys" chapter. 

Australia.—Ore production and ship- 
ments by Groote Eylandt Mining Co. Pty. 
Ltd. (GEMCO) rose sharply, partly because 
of the addition of China as a customer and 
continuing sales to the U.S.S.R. GEMCO's 
total shipments were about 2,070,000 tons, 
of which about 1,610,000 tons was exported 
and about 460,000 tons was for domestic 
consumption. The largest quantities ex- 
ported, in tons, went to Japan, 631,000; the 
Federal Republic of Germany, 212,000; Chi- 
na, 173,000; the U.S.S.R., 124,000; and the 
Republic of Korea, 116,000. GEMCO sought 
to establish a market in the battery indus- 
try for portions of its ore recently found to 
be battery active. The activity of this poten- 
tial battery ore was traced to the presence 
of the mineral vernadite, a hydrated man- 
ganese oxide. The Broken Hill Pty. Co. Ltd. 
(BHP), the parent company of GEMCO and 
of Tasmanian Electro Metallurgical Co. Pty. 
Ltd. (TEMCO), announced that about $40 
million would be spent to upgrade TEMCO's 
Bell Bay, Tasmania, ferroalloy plant by the 
end of 1987. TEMCO’s export potential was 
to be increased by expanding its annual 
capacity for ferromanganese and silicoman- 
ganese production to about 210,000 tons 
from about 150,000 tons. 

Brazil.—Exports and domestic shipments 
of manganese ore products from the Serra 
do Navio, Amapá Territory, operations of 
Industria e Comércio de Minérios S.A. (ICO- 
MD increased. Total shipments via Porto de 
Santana on the Amazon River were 980,000 
tons, of which 219,000 tons went to Brazil- 
ian consumers. Destinations for the 761,000 
tons of exports were Europe, over 607,000 
tons; the United States, 116,000 tons; Japan, 


over 25,000 tons; and Argentina, 12,000 
tons.* In November, Cia. Auxiliar de Em- 
presas de Mineração (CAEMI Group) be- 
came sole owner of ICOMI. In an ownership 
exchange, Bethlehem Steel Corp. gave up 
its 49% share in ICOMI for a 5% indirect 
interest in the iron mining interests of 
Mineracóes Brasileiras Reunidas S.A. in 
Minas Gerais State. Bethlehem Steel had 
been a joint venture partner with CAEMI in 
ICOMI since ICOMI’s inception around 
1950. 

Construction of the rail line linking the 
Carajás mineral province with the future 
ocean shipping port of Sao Luiz moved 
ahead rapidly in 1984. This allowed the 
timetable for beginning full-scale open pit 
production of metallurgical ore from the 
Igarapé Azul deposit to be moved ahead to 
1985, with ore to be partly transported 
temporarily by truck for loading onto ships 
at Itaqui. Cia. Vale do Rio Doce produced 
nearly 40,000 tons of metallurgical and 
battery ore combined from Azul, and made 
both domestic and foreign shipments of 
battery ore. Rights to the Buritirama depos- 
its, a potential other source of manganese 
ore in the Carajás, passed to Australia's 
BHP when in April BHP finalized its acqui- 
sition of Utah International Inc. from Gen- 
eral Electric Co. 

S.A. Mineração da Trindade started up 
the Miguel Congo Mine for ferruginous 
manganese ore near Ouro Preto, Minas 
Gerais State. This new mine, with an annu- 
al capacity for crude ore of about 375,000 
tons, was equipped for wet as well as dry 
beneficiation. 

Production of manganese ferroalloys in- 
creased nearly 10% to a record-high total of 
340,000 tons, according to preliminary data. 

Canada.—Elkem and the Jebsen Group, 
both of Norway, became owners of the 
manganese ferroalloy plant at Beauharnois 
as of July 25. This consortium exercised an 
option to purchase this plant, another fer- 
roalloy plant at Chicoutimi, and a hydro- 
electric plant, all in the Province of Quebec, 
from Union Carbide Canada Ltd. The newly 
acquired plants were to be operated by a 
new Quebec corporation, Elkem Metal Can- 
ada Inc., owned 90% by Elkem and 10% by 
the Jebsen Group. 

China.—A significant amount of high- 


grade metallurgical ore was imported, pre- 


sumably the first such instance in modern 
times. Imports included over 300,000 tons 
combined from Australia and Gabon. Im- 
ported ore of a higher quality than indige- 
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nous ore possibly was bought for use in 
upgrading domestic production of manga- 
nese ferroalloys. 

France.—Blast-furnace production of 
high-carbon ferromanganese plus a small 
amount of spiegeleisen increased about one- 
fifth to 364,000 tons in 1984, according to 
preliminary data. 

Gabon.—Production of manganese ore at 
the Moanda Mine of Compagnie Miniére de 
l'Ogooué S.A. (COMILOG) increased to the 
greatest total since 1980, and shipments 
also were up in 1984. Sales included 200,000 
tons to China and 130,000 tons to the 
U.S.S.R. Battery ore (dioxide) did not follow 
the rising trend, for which production 
decreased to about 90,000 tons and ship- 
ments fell substantially to about 80,000 
tons. 

The Trade and Development Program of 
the U.S. International Development Cooper- 
ation Agency financed engineering and eco- 
nomic evaluations of a possible mineral port 
for exporting manganese and perhaps even- 
tually iron ore once the Trans-Gabon Rail- 
road has been completed. The study indi- 
cated the most favorable site for such a port 
would be adjacent to Owendo in the Gabon 
Estuary south of Libreville. 

Ghana.—Exports of manganese ore pro- 
duced at the Nsuta Mine of Ghana National 
Manganese Corp. increased to 275,000 tons, 
compared with 154,000 tons in 1983. Ship- 
ments went through the Port of Takoradi to 
eight European countries and Japan. Ship- 
ments were the largest since 1979. 

Japan.—Compared with 1983, the most 
significant change in production and for- 
eign trade of manganese ferroalloys was a 
25% increase in ferromanganese production 
to 535,000 tons. Silicomanganese production 
advanced somewhat to 257,000 tons. Ex- 
ports were 25,000 tons for ferromanganese 
and only about 100 tons for silicoman- 
ganese. Imports declined for both ferroman- 
ganese and silicomanganese, to about 15,500 
tons and 126,000 tons, respectively. 

Mizushima Gokintetsu, a subsidiary of 
Kawasaki Steel Corp., began converting a 
submerged arc furnace to a coke-fed shaft 
furnace for production of ferromanganese 
in the hope of lowering costs below those of 
electric smelting. The converted facility was 
targeted to be in operation about the middle 
of 1985 with a capacity for high-carbon 
ferromanganese of about 100,000 tons per 
year. 

In electrolytic materials, comparatively 
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modest increases were recorded for synthet- 
ic manganese dioxide, to 52,700 tons for 
production and to 40,300 tons for exports. 
Production of nearly 4,800 tons of manga- 
nese metal was the highest since 1980. 

Mexico.—Cía. Minera Autlán S.A. de 
C.V. produced 714,000 tons of carbonate ore 
and 475,000 tons of oxide nodules from its 
mining and calcining operations in the 
Molango District of Hidalgo State in 1984. 
This was reasonably comparable to produc- 
tion levels in recent prior years except for 
1983. Production of both carbonate ore and 
oxide nodules was unusually low in 1983, at 
632,000 and 316,000 tons, respectively. 
Approximately three-fourths of production 
of carbonate ore at the Tetzintla Mine was 
by underground mining in 1983. Production 
of battery ore at the Nonoalco Mine was cut 
back to 21,000 tons in 1984 to control 
inventories, after having risen to 35,000 
tons in 1983. | 

Norway.—Elkem reportedly raised its 
production rate for medium-carbon ferro- 
manganese by about one-half to nearly 
130,000 tons per year, and increased its 
manganese ferroalloy interests in Canada 
and the United States. 

South Africa, Republic of.—Ore produc- 
tion increased slightly compared with that 
of 1983, and mine operations were again at 
reduced levels for both of the major produc- 
ers, South African Manganese Amcor Ltd. 
(Samancor) and The Associated Manganese 
Mines of South Africa Ltd. (AMMOSAL). 
Ore shipments by AMMOSAL increased by 
over 50%, to about 1,320,000 tons from 
about 860,000 tons in 1983. According to 
preliminary data, production of the various 
categories of ore was as follows: 


Quantity 

(thousand 

short tons) 

METALLURGICAL ORE 
30% to 40% Mn... 2222222 1,350 
Over 40% to 45% Mn ____________ 476 
Over 45% to 48% Mu 493 
Over 48% Mn_________________ 830 
Total ee ne oars be See - 13.150 
CHEMICAL ORE 

35% MnOsandless _____________ 76 
Over 35% to 65% M0 135 
Over 65% to 75% Moae :: ne 
Total muse 8 211 


‘Data do not add to total shown because of independent 


rounding. 
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At Samancor, suspension of operations at 
the Lohathla Mine that began near the end 
of 1983 continued throughout 1984. Produc- 
tion from Lohathla of ferruginous ore was 
being replaced by comparable ore from the 
Middelplaats and Wessels Mines. Because 
demand for manganese ferroalloys remain- 
ed relatively weak while that for ferrochro- 
mium was strong, several small furnaces at 
Samancor's Metalloys Works at Meyerton 
in Transvaal Province were used to produce 
ferrochromium rather than  ferroman- 
ganese, continuing a switchover made in 
the latter part of 1983. About midyear, 
control of Samancor by General Mining 
Union Corp. Ltd. (Gencor) became direct 
rather than indirect upon Gencor's acquisi- 
tion from South African Iron and Steel 
Industrial Corp. Ltd. of the remaining 
shares of African Metals Ltd. not already 
held by Gencor. 

U.S.S.R.—Overall mine production in- 
creased slightly owing to a recovery in 
output from the Chiatura Basin in Georgia, 
where development of a surface mine hav- 
ing concentrates capacity of about 200,000 
tons per year was completed. The methods 
and benefits of adapting mechanized 
longwall mining techniques for coal mining 
to the underground mining of the manga- 
nese ore seam in the Marganets complex of 
the Nikopol’ Basin in the Ukraine were 
described.’ 
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Mine production was again supplemented 
by imports of high-grade concentrates. Sovi- 
et purchases were at least 290,000 tons, as 
contracts for roughly one-half this amount 
were made each with Australia and Gabon. 

Future production of manganese ore and 
ferromanganese was being planned for Hast 
Siberia in the vicinity of Krasnoyarsk. An 
East Siberian ferroalloys plant was to be 
located near the Sredneyeniseyskaya hydro- 
power plant to be built on the Yenisey 
River. The Soviets had thought that ore 
feed for the smelter would have to come 
from the distant Nikopol’ Basin. It was now 
considered feasible to obtain at least part of 
the ore required through development of 
the Porozhinskoye deposit in the region. 

In 1983, average grade of ore and concen- 
trates was 30% manganese, the same as in 
1982, according to official statistics. Mine 
production had made a nominal advance in 
1983, but ore exports decreased nearly 6% 
to 1,189,000 tons. Principal destinations, 
accounting for over 90% of the export total, 
were, in tons, Poland, 594,000; Czecho- 
slovakia, 325,000; the German Democratic 
Republic, 94,000; and Bulgaria, 89,000. 

United Kingdom.—The Government dis- 
closed in November that the stockpile of 
strategic materials built up beginning in 
1983, which reportedly included manga- 
nese, would be disposed of during the next 
few years. 


TECHNOLOGY 


Arthur D. Little Inc. completed a study 
for the Bureau of Mines on manganese 
recovery from domestic sources. Data on 
low-grade domestic deposits were evaluated, 
and those deposits having the greatest re- 
source potential were identified. Column 
flotation was indicated to be one of the 
newer beneficiation technologies whose 
applicability to ores from these deposits 
merited study. The three technologies ap- 
pearing to have the most promise for ex- 
tracting manganese from domestic feed ma- 
terial were processes involving leaching 
with either ammonia, sulfur dioxide, or 
nitric acid.* 

The Bureau identified two recently lo- 
cated deposits in Alaska as having moder- 
ate mineral development potential for man- 
ganese. Samples from deposits on Chenega 
and Hinchinbrook Islands in the Chugach 
National Forest along the south-ce:cral 
Alaskan coast contained as much as 37% 
manganese.? 

Manganese resources were the topic of 


several other studies. As part of its Miner- 
als Availability System Program, the Bu- 
reau appraised the economic potential for 
producing metallurgical ore from the 
demonstrated resources of nine market 
economy countries other than the United 
States. Under the cooperative program of 
the International Strategic Minerals Inven- 
tory, information was given on manganese 
supply and resources of 13 market economy 
and centrally planned economy countries." 
The economic potential for manganese, co- 
balt, nickel, and copper in crusts on raised 
portions of ocean floors within the U.S. 
Exclusive Economic Zone was reviewed for 
the Central Pacific, the Blake Plateau and 
other Atlantic areas, and the Caribbean. A 
potential for manganese in excess of 100 
million tons was identified for crusts in the 
Central Pacific Ocean. Present information 
was considered insufficient for quantitative 
economic evaluation of such resources.!? 
Use of fused-salt mixtures of aikali and 
alkaline-earth metal chlorides to extract 
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manganese from low-grade domestic miner- 
als was investigated at the Argonne Nation- 
al Laboratory of the U.S. Department of 
Energy. Manganese extractions of 70% or 
more were obtained with lithium chloride- 
potassium chloride eutectic, and extractions 
of 8595 or more were achieved by adding 
either bismuth chloride or zinc chloride to 
this eutectic. Testing was performed at 400° 
to 500° C on samples of the manganese car- 
bonate type from Aroostook County, ME." 

New steelmaking practices in Japan for 
removing phosphorus, sulfur, and carbon 
from hot metal were found to reduce the 
consumption of manganese ferroalloys. Fer- 
ruginous manganese ore was used instead of 
mill scale to dephosphorize and desulfurize 
hot metal. This, combined with the higher 
manganese recovery of slagless refining, 
lowered ferromanganese requirements. 
Other developments in converter tech- 
nology permit addition of manganese as 
ferruginous manganese ore rather than as 
ferromanganese. These new technologies 
had little net effect on the total amount of 
manganese used in making a ton of steel, 
but ferroalloys were being partly displaced 
by ferruginous manganese ore.!* 

Adoption of the Lance Bubbling Equili- 
brium (LBE) process in the plant of a U.S. 
steelmaker decreased manganese alloying 
requirements 40% or more in production of 
carbon steels, mostly those of less than 0.1% 
carbon. The nonautomated LBE system al- 
lowed a higher manganese residual after 
blowing.“ 

Liquid and solid phase equilibria in the 
carbon-iron-manganese ternary system and 
in the underlying binary systems were re- 
viewed in 1984. Isothermal sections de- 
picting solid-state equilibria at 600° to 
1,100° C and a liquidus projection were 
presented for ternary compositions contain- 
ing up to 9% carbon.“ 

The electrochemical technology of syn- 
thetic and natural manganese dioxide was 
discussed at a meeting of The Electrochemi- 
cal Society. Mining in Australia, Brazil, and 
Gabon of ore for battery use was described. 

Laboratory and plant testwork showed 
that Caro's acid, H. SO,, provided several 
operating advantages to pyrolusite for use 
as an oxidant in uranium extraction in 
Australia. Choice of whether to use Caro's 
acid or pyrolusite was noted to depend on 
local reagent cost. 

The U.S. Environmental Protection 
Agency issued a review of the forms and 
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effects of human exposure to manganese. 
Acute poisoning by manganese was noted to 
be very rare. Health concerns from chronic 
exposure to manganese pertained to neuro- 
logical and pulmonary disorders.“ 

A brief history of manganese from an- 
tiquity to the present citing milestones in 
its industrial use and understanding was 
compiled, including significant literature 
references.” 


1Physical scientist, Division of Ferrous Metals. 

2Unless otherwise stated, the unit of weight in this 
chapter is the short ton of 2,000 pounds. 
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Mercury 


By Linda C. Carrico! 


Domestic mercury mine production by 
three mines, all located in Nevada, decreas- 
ed for the fourth consecutive year. Second- 
ary production decreased more than 60%, 
while imports for consumption increased 
almost 100% and accounted for 46% of total 
demand. An overall increase in reported 
consumption was led by increased demand 
for electrical and electronic uses, especially 
for use in batteries. Owing partly to increas- 
ed demand, consumer and dealer stocks fell 
sharply. However, the domestic supply of 
mercury remained ample during 1984, and 
the average New York dealers' price declin- 


ed for the second consecutive year. 

Domestic Data Coverage.—Domestic da- 
ta for mercury are developed by the Bureau 
of Mines from three separate, voluntary 
surveys of U.S. operations. Typical of these 
surveys is Mercury, a survey of mercury 
consumption. Of the 385 firms to which this 
survey request was sent, 84% responded, 
representing an estimated 97% of the re- 
ported U.S. consumption shown in tables 1 
and 4. Consumption for the 61 nonrespond- 
ents was estimated using prior years' con- 
sumption levels. 


Table 1.—Salient mercury statistics 


United States: 
Producing mines 
Mine productioůnnnnn ~~~ flasks. - 
Valle: 222232 eee e eee ee thousands 
Secondary production: 
Industry ³ĩo˙wmA ³ A E flasks _ 
Government!!! do... 
Industry stocks, yſearendqd do— 
Shipments from the National Defense Stockpile? à 
8 
Imports for consumption. n do_ _ _ _ 
EXDOFÍSB oac cen ree do... 
Consumption, reported... - ----------- do... 
Consumption, apparent „ do- 
Price: New York, average per flaaa kk EN 
Employment, mine and mill, average 
World: 
Mine production... - ----------—- flasks.. _ 


Price: London, average per flask 


1980 1981 1982 1983 1984 
á 3 3 3 3 
30,657 27,904 25,760 25,070 19,048 
$11,939 $11,549 W W W 
6,793 4,244 4,413 713,751 5,217 
10,013 1,000 = ake ae 
33,069 27,339 728,827 731,018 26,742 
"1,016 6,000 4,092 
9,416 12,408 8,916 12,786 25,327 
NA NA NA NA 
58,983 59,244 48,943 49,138 54,602 
51,392 57,286 144, 737 155,416 57,960 
8389.45 $413.89 $370.93 $322.44 $314.38 
46 48 45 45 41 
197,426 210,897 197,933 180,824 174.488 
8398.07 $411.52 $316.96 $313.33 $306.40 


, 5 preliminary. "Revised. NA Not available. W Withheld to avoid disclosing company proprietary 
ata. 


1Secondary mercury released from U.S. Department of Energy stocks. 


?Stocks at mines, consumers, and dealers. 
Primary mercury. 


*Mine production plus secondary production plus imports for consumption minus exports, plus Government stockpile 


shipments, and plus or minus changes in industry stocks. 
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Legislation and Government  Pro- 
grams.—During 1984, the General Services 
Administration (GSA) auctioned mercury 
on an “as-is” basis from the National De- 
fense Stockpile (NDS) on the third Tuesday 
of each month, offering 1,500 flasks? per 
month. GSA sold 4,598 flasks and shipped 
4,092 flasks during the year, leaving 163,723 
flasks in physical inventory in excess to the 
stockpile goal; the goal remained at 10,500 
flasks. 

In March, GSA resumed auctions of mer- 
curic oxide from the NDS, which had been 
suspended since late 1982, and continued 
them throughout the year. On the first 
Wednesday of each month, GSA offered 
50,000 pounds of mercuric oxide on an “as- 
is" basis. For the year, GSA sold 359,100 
pounds and shipped 321,300 pounds, leaving 
390,902 pounds of mercuric oxide available 
for disposal. 

On October 19, the President signed Pub- 
lic Law 98-525, the Defense Authorization 
Act, 1985, terminating all previous authori- 
zations for disposal of mercury and mercu- 
ric oxide from the NDS, effective September 
30, 1984. Section 902 of the act authorized 
the disposal of 5,000 flasks of mercury and 
500,000 pounds of mercuric oxide from the 
NDS, effective October 1, 1984. GSA, acting 
as sales agent for the Government, contin- 
ued to auction the mercury materials. 

GSA’s auctions of surplus secondary mer- 
cury, managed by the U.S. Department of 
Energy (DOE) in Oak Ridge, TN, remained 
suspended for the third consecutive year. 

Public Law 98-616, The Hazardous and 
Solid Waste Amendments of 1984, was en- 
acted on November 8. Section 201 of this 
law, effective July 8, 1987, prohibits any 
further land disposals of mercury and/or its 
compounds at a concentration equal to or 
greater than 20 milligrams per liter of 
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liquid waste. 

The Environmental Protection Agency 
(EPA), under the Clean Water Act, proposed 
new regulations for nonferrous metals man- 
ufacturing plants, limiting their effluent 
discharges. The proposed regulations were 
to provide effluent limitations based on best 
practicable and best available technology, 
new source performance standards based on 
best demonstrated technology, and pretreat- 
ment standards for existing and new indi- 
rect discharges. Primary and secondary 
mercury manufacturing facilities were 2 of 
24 subcategories for which EPA proposed 
effluent limitations.? 

EPA issued revised regulations on Sep- 
tember 12, under Section 307 of the Clean 
Air Act, on a test method (method 105) used 
in determining the content of mercury 
in waste water treatment plant sewage 
sludges after dewatering and before inciner- 
ation or drying. This regulation does not 
impose any additional emission measure- 
ment requirements on any facility but sim- 
ply revises the existing testing method to 
improve its precision and accuracy.* 

Under Section 112 of the Clean Air Act, 
EPA proposed changes to the existing na- 
tional emission standards for mercury-cell 
chlor-alkali plants, sludge incineration and 
drying plants, and mercury ore processing 
plants. The proposal included additional 
monitoring, recordkeeping, and reporting 
on the amount of mercury emitted by each 
plant.5 

DOE continued its investigation on mer- 
cury that had been spilled and/or lost at its 
Oak Ridge, TN, facility in the years 1950-63. 
Sampling, monitoring, and cleanup were 
continued. A report* compiled by a 1983 
task force stated that there was no immedi- 
ate or foreseeable major health risk as a 
result of the mercury discharge. 


DOMESTIC PRODUCTION 


For the third consecutive year, Nevada 
was the only mercury producing State, with 
producers operating at about 54% of capaci- 
ty. Total reported mine production in 1984, 
including byproduct mercury, was 19,048 
flasks, compared with 25,070 flasks in 1983. 
This decrease was ascribed to the presence 
in the market of a large quantity of second- 
ary mercury that had been recovered in 
1983. Three mines were in operation during 
the year: the McDermitt, the Carlin, and 
the Pinson. The McDermitt Mine, operated 
by Placer U.S. Inc., remained the principal 


mercury producer in the United States. The 
Carlin Mine, operated by Newmont Mining 
Corp., and the Pinson Mine, operated by 
Pinson Mining Co., produced mercury as a 
byproduct from their gold mining oper- 
ations. 

Exploration work by Placer continued at 
its McDermitt Mine and at other prospects 
in the Western States. The McDermitt Mine 
reportedly had about 6 years of proven 
reserves, based on an annual production 
rate of about 19,000 flasks. 


MERCURY 


In early 1984, FMC Corp. announced 
plans to develop the Paradise Peak gold 
mine near Gabbs, NV. FMC's geologists 
predicted that the mine would yield about 
2,600 flasks of mercury per year as a by- 
product from gold mining. Startup was 
scheduled for mid-1986. 

The processing of primary and/or scrap 
mercury was reported by five companies in 
1984. The companies were as follows: Adrow 
Chemical Co., Wanaque, NJ; Bethlehem 
Apparatus Co. Inc., Hellertown, PA; D. F. 
Goldsmith Chemical and Metal Corp., 
Evanston, IL; Mercury Refining Co. Inc., 
Albany, NY; and Troy Chemical Corp., 
Newark, NJ. Industrial secondary mercury 
production declined from the record high 
level of 1983, which had been a result of the 
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Table 2.—Mercury ore treated and 
mercury produced in the United States! 


Ore Mercury produced 
treated 

Y Pounds 

d by Flasks per ton 

of ore 

19880 356,043 30,623 6.5 
19815. 2 xe. 262,380 27,888 8.1 
7 ee eee ie 300,978 25,704 6.5 
LOSS Su wt 335,389 25,033 5.7 
1984... enr 216,212 19,014 6.7 


1Excludes mercury produced from old surface ores, 
dumps, and placers, and as a byproduct. 


Table 3.—Production of secondary 
mercury in the United States 


permanent closure of mercury-cell chlor- (Flasks) 
alkali plants, to a more normal level. Sec- 555 ASA 
ondary mercury accounted for 10% of the Year production releases Total 
reported mercury consumption. Major 
sources of secondary mercury were amal- 198 ù AE NE ee 
1981 ________ 4,244 7,000 11,244 

gams, sludges, obsolete industrial and con- 1982 e. enc 4,473 2 4,473 
trol instruments, metal retrieved from chlo- 1983 -------- 13,751 -- 13,751 

. =: 1984 Le 5,217 i 5,217 
rine and caustic soda plants, and mercuric 
oxide released from the NDS. "Revised 

CONSUMPTION AND USES 


Mercury was consumed in about 405 
plants, of which more than one-half were 
located east of the Mississippi River. Pri- 
mary mercury accounted for 63% of the 
total reported consumption, followed by re- 
distilled mercury,’ 33%; and secondary mer- 
cury, 4%. 

Overall domestic mercury consumption 


increased 11%, led by a 27% increase in 
consumption by battery manufacturers. 
The battery industry continued to be the 
dominant consumer of mercury, followed by 
industries producing chlorine and caustic 
soda, paints, measuring and control instru- 
ments, and wiring devices and switches. 


Table 4.—Mercury consumed in the United States, by use 


(Flasks) 
sa Use 1980 1981 1982 1988 1984 
code 

28 Chemical and allied products: 
2812 hlorine and caustic soda manufacture 9,470 7,323 6,243 8,054 7,347 
2816 ee e ete W W W 
2819 Catalysts, miscellaneous - - - Ss 765 815 499 484 359 
2821 Catalysts for plastics... LLL cc W W W W W 
2819 Laboratory uses 363 328 281 280 217 
2851 C ͥͥͥͥͥͥ⁰¹i—iWwr⅛⅛ ⁰⁰⁰ d d iis ie eiie 8.621 7.049 6,794 6,047 4,651 
2819 Agricultural chemicals 79 36 ESA NA 
Na" Other chemicals and allied products- - _ W W W W W 
36 Electrical and electronic uses: 
3641 Electric lighting 1,036 1,043 826 1,273 1,487 
3643 Wiring devices and switches. 3,062 2,641 2,004 2,316 2,723 
3692 f] ee my 8 27,829 29,441 24,880 23.350 29, 700 
E" Other electrical and electronic uss 144 W 
38 Instruments and related products: 
382 Measuring and control instruments |... 3,049 5,671 3,064 2,465 2,842 
3843 Dental equipment and supplies 1,779 1,613 1,019 1,597 1,432 
a Other instruments and related products ________ 190 253 194 W W 
t. Other o dd mts 88 790 242 984 1.356 1,404 

Total 2o AAA 58,983 59,244 48,943 49,138 54,602 


W Withheld to avoid disclosing company proprietary data; included in Total.“ 
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STOCKS 


NDS, as of December 31, 1984, contained TN. Reported yearend industry stocks of 
174,223 flasks of mercury and 390,902 mercury declined, primarily in response to 
pounds of mercuric oxide. DOE held 35,305 higher demand. 
flasks of secondary mercury in Oak Ridge, 


Table 5.—Stocks of mercury in the 
United States, December 31 


(Flasks) 
5 Con- 
roducer sumer 
Year (mine) and Total 
dealer 
198800 ˖ 11.095 21.974 33,069 
IS! · ere nee 11,783 15,556 21,339 
1982_____ -2 notas r13,598 15,229 128,827 
. opes 718,323 12,695 731,018 
1984. uem 19,552 7,190 26,742 
Revised 
PRICES 


During the summer of 1984, the New been encouraged by a strong U.S. dollar. 
York dealers’ price for mercury declined, Analysts attributed the subsequent large 
owing partly to seasonal weak demand cou- price increase in September to purchases 
pled with increased imports of mercury for immediate consumption, especially in 
from Algeria and Spain, the imports having the electrical industry. 


Table 6.—Average prices of mercury at 
New York and London 


(Per flask) 

Period : New York London 
Ih EEE coer ee $389.45 $398.07 
IONDS C usi th er 413.89 417.52 
DOB ho ened heck fa 8 370.93 376.96 
II er Shee fy hee pao 322.44 313.33 
1984: 

January ___________ 304.48 306.44 
February RS 288.26 297.31 
March ___________. 303.59 302.72 
ADEL uires 326.10 314.88 
T toss ae cue 329.86 310.78 
GUB: oso e See a 319.29 305.39 
Mr a A 308.19 301.78 
August -—— 4-22 296.30 305.00 
September B 318.37 308.81 
October 329.14 311.00 
November _________. 327.00 307.61 
December _________- 322.00 305.06 

1984 average 314.38 306.40 


Sources: Metals Week (New York) and Metal Bulletin 
(London). 


MERCURY 
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FOREIGN TRADE 


Imports for consumption of mercury, 
which included mercury imported for im- 
mediate consumption plus material with- 
drawn from bonded warehouses, almost 
doubled. Spain was the leading supplier, 
followed by Algeria, Turkey, and the 
Netherlands. The average unit value of im- 


$298.22 per flask in 1983. 

The U.S. rate of duty on imported mercu- 
ry metal, TSUS 632.34, as of January 1, 
1984, from countries with most-favored- 
nation status was 6.6 cents per pound.* A 
duty of 25 cents per pound applied to other 
countries. 


ports was $287.20 per flask, compared with 


Table 7.—U.S. imports for consumption of mercury, by country 


1982 1983 1984 
Country Value Value Value 
Flasks (thou- Flasks (thou- Flasks (thou- 
sands) sands) sands) 
AIÍgeriB.-.— ciao ꝛ = ae 1,795 $560 8,201 $2,441 
Canadá- uu ee ee ee 5 $14 4 19 14 33 
eee EL e ee ee Le ee 100 42 8 t is 350 112 
Denmark ______________~_________ 390 161 A "e 14 
Dominican Republic us s 100 23 xx "M 
Finland 4... . re e» E Lm mm 120 54 
Germany, Federal Republic og 2 1 13 20 id -— 
ö ³⅛ v e uen e — TO 500 122 800 196 
JBDA -oa n uM A ry ed 4,345 1,444 511 179 500 120 
Mexico ois mcn eo cutus Repas esc du ems 182 59 1,590 426 21 9 
Netherlands 200 62 1.501 359 1,556 392 
Philippines 881 293 c s e 
SPAIN unc km Ln ect 1,404 484 3,408 1,063 11,749 3,344 
ll See a nas ean ae it eed 900 286 1,333 385 2,002 
United Kingdom „ 507 157 2,031 657 (!) 1 
Total: 2m aeuo nuc uar 8,916 3,003 12,786 3,813 25,327 7,274 
1Less than 1/2 unit. 
WORLD REVIEW 


World mine production decreased for the 
third consecutive year, owing partly to a 
large supply of world secondary mercury 
and to depressed prices. Production utilized 
46% of available capacity. 


World mercury reserves were estimated 
by the Bureau of Mines at 4 million flasks, 
of which 85% is located in market economy 
countries. Spain had the largest share of 
world reserves, 65%. 


Table 8.—Mercury: World mine production, by country! 


(Flasks) 
Country 1980 1981 1982 1983 19845 

Algera ec Se wn le 224,403 25, 000 11,000 10,000 10,000 
J///f AA 8 20,000 20,000 20,000 20,000 20,000 
Czechoslovakia 4.612 4,438 4,380 4,177 4,300 
Dominican Republic --------------------—- 159 77 49 *40 30 
Finland. adeps contu n ELE a LES 2,170 1,949 2,085 1,871 1,900 
Germany, Federal Republic of 1,624 2,205 1,537 2,005 ,000 
fly o dul EA A eee Oa D E A C. 96 1,421 4,612 eat = 
TTT; ale ay ia ME s 4,206 6,962 8,558 6,411 7,000 
Spaln ees cee ae te 88? 43,038 46,008 48,808 41,075 40,000 
I/ö;öiẽ ³˙Ü ð km 86 4,461 5,927 7,144 4,675 4,210 
USSR stesso ae 8 62,000 63,000 64,000 64,000 64,000 
United States-— oo woe Sea ee ES 30,657 27,904 25,760 25,070 219,048 
/ o· eco cts e HM M" muc *1,500 2,000 

... ⁵ĩð2,ſĩ LU AI REC 197,426 210,897 197,933 180,824 174,488 

“Estimated. Preliminary. 


1Table includes data available through Apr. 16, 1985. 
*Reported figure. 
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Japan.—Sixteen Japanese mercury-cell 
chlor-alkali producers have until June 30, 
1986, to convert to the ion-exchange 
membrane-cell process in order to comply 
with a 1983 Japanese Ministry of Interna- 
tional Trade and Industry (MITI) order. 
Since the 1983 MITI order, seven producers 
have converted to the ion-exchange mem- 
brane-cell process. Analysts predicted that 
over the next several years about '/7,000 
flasks of secondary mercury would be gen- 
erated by the conversion or scrapping of 
these plants. 

MITI and several Japanese battery firms 
agreed to conduct technical research on 
reducing the amount of mercury used in 
dry-cell batteries. Initial plans are aimed at 
reducing the amount of mercury used in a 
battery to about one-third of its present 
level. 

Spain.—Three mines in the Almadén 
mining region remained the only producers 
of mercury in Spain. The mines, the Al- 
madén, El Entredicho, and Las Cuevas, 
were operated by Minas de Almadén y 
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Arrayanes S.A., a mining company owned 
by the Spanish Government. The company 
operated two of its four furnaces intermit- 
tently during the year. It was expected that 
in 1985, the four furnaces, with a collective 
capacity of about 600 short tons of ore per 
day, would be replaced with a single fur- 
nace capable of refining all of the compa- 
ny's concentrates. 

Sweden.—The 45,000-ton-per-year mer- 
cury-cell chlor-alkali plant at Skoghall, in 
the southwest, was converted to the mem- 
brane-cell process. This plant reportedly 
was the first in Europe to convert from the 
mercury-cell process to the membrane-cell 
process. 

Yugoslavia.—Operations continued at 
the Idria mercury mine in Slovenia, north- 
western Yugoslavia. The mine was operated 
by Rudnik Zivega Srebna and was state- 
owned. According to reports, new mine 
shafts were expected to open over the next 3 
years, with an expected annual production 
rate of 8,700 flasks. ä 


TECHNOLOGY 


Many low-grade gold ores in the Western 
United States contain small quantities of 
mercury that interfere with extraction of 
the gold and pose a potential health hazard. 
Researchers at the Bureau of Mines found 
that the addition of a small quantity of 
calcium sulfide to an ore being leached in 
the grinding circuit suppressed mercury 
extraction effectively. They also found that 
the addition of calcium sulfide to a leach 
slurry containing dissolved mercury com- 
plexes precipitated the mercury. In both 
cases, mercury in solution was reduced to 
less than 0.5% of the mercury in the ore.“ 

A study was conducted to determine 
whether industrial mercury pollution has 
reached deep ocean water—the habitat 
most remote from continental and atmos- 
pheric sources of anthropogenic mercury. 
Comparing the mercury levels in 66 speci- 
mens of a common deep sea fish, the blue 
hake (Antimora rostate), collected in the 
1970's, with levels in 21 museum specimens 
of hake collected in the 1880's, researchers 
demonstrated that the mercury content of 


this species had not increased in the last 
century. 


! Mineral specialist, Division of Nonferrous Metals. 

*Flask, as used throughout this chapter, refers to the 76- 
pound flask. 

Federal ister. Nonferrous Metals Manufacturing 
Point Source Category; Effluent Limitations Guidelines, 
Pretreatment Standards, and New Source Performance 
Standards. V. 49, No. 125, June 27, 1984, pp. 26352-26483. 

*— ——. National Emission Standards for Hazardous Air 
Pollutants; Reference Methods; Method 105 Revision. 
V. 49, No. 178, Sept. 12, 1984, pp. 35768-35771. 

———. National Emission Standards for Hazardous Air 
Pollutants Review and Proposed Revision of the Standards 
for Mercury From Mercury-Cell Chlor-Alkali Plants, 
Sludge Incineration and Drying Plants, and Mercury 
Processing Facilities. V. 49, No. 249, Dec. 26, 1984, 
pp. 50146-50152. 

The 1983 Mercury Task Force. Mercury at Y-12, a 
Study of Mercury Use at the Y-12 Plant, Accountability, 
and Impacts on Y-12 Workers and the Environment—19 
to 1983 (U.S. DOE Contract W-7405-eng-26). Rep. Y/EX-24, 
Aug. 18, 1983, 418 pp. 

"Redistilled mercury is primary mercury further proc- 
essed or refined to a higher grade. 

*Federal Register. Proclamation of Trade Agreement 
With Japan and Spain Providing Compensatory Conces- 
sions. V. 48, No. 247, Dec. 22, 1983, pp. 56553-56559. 

9Sandberg, R. G., W. W. Simpson, and W. L. Staker. 
Calcium Sulfide Precipitation of Mercury During Cyanide 
Leaching of Gold Ores. BuMines RI 8907, 1984, 13 pp. | 

Barber, R. T., P. J. Whaling, and D. M. Cohen. 
Mercury in Recent and Century-Old Deep-Sea Fish. Envi- 
ron. Sci. and Technol., v. 18, No. 7, July 1984, pp. 552-555. 


Mica 


By Lawrence L. Davis! 


In 1984, a total of 161,000 short tons of 
scrap and flake mica was reported produced 
in the United States, a 15% increase over 
1983 production. 

Nearly all sheet mica supply continued to 
be imported. Consumption of mica block 
decreased by 14% to 71,000 pounds. Con- 
sumption of mica splittings increased 12% 
to 2.4 million pounds. The value of sheet 
mica exports increased 10% to $4.5 million. 
Imports of sheet mica decreased 12% to 2.3 
million pounds. 

Domestic Data Coverage.—Domestic pro- 
duction and consumption data for mica are 
developed by the Bureau of Mines by means 
of three separate, voluntary, domestic sur- 


veys and one mandatory domestic survey. 
Of the 55 canvassed operations to which 1 or 
more of the 4 survey forms were submitted, 
53 operations, or 96%, responded. Re- 
sponses to the scrap and flake mica produc- 
tion form, the ground mica production form, 
and the mica block and film form were 
100%, representing 100% of the totals 
shown in table 1. Of the 12 canvassed 
operations to which the mica splittings 
consumption form was sent, 10 operations, 
or 83%, responded, representing 96% of the 
splittings consumption shown in table 1. 
Consumption for the nonrespondents was 
estimated using prior year production data. 


Table 1.—Salient mica statistics 


United States: 
Production (sold or used by producers): 
Scrap ane flake mica ___-— thousand short tons 
CUT cul ea thousands 
Ground mia thousand short tons 
Valit- uou A atcur thousands. _ 


Consumption: 
lock Lm thousand pounds. . 
Valuss isean thousands - 
!!! ᷣ A thousand pounds. . 
MBlUe. — non le 88 thousands. - 
Splittings ___.________-_ thousand pounds. . 
«; m thousands 
nne Se thousand short tons_ _ 
FFP do- 
World: Production... -~_~- thousand pounds. . 
fEetimated. Preliminary. "Revised. 
Legislation and Government Pro- 
grams.—The Government inventory of 


stockpile-grade natural sheet mica was re- 
duced by 9% to 23.1 million pounds by 
yearend. 


1980 1981 1982 1983 1984 
116 133 106 140 161 
$6,262 $8,212 $6,398 $6,479 $7,139 
111 117 96 130 146 
$14,870 $17,440 $16,106 $18,702 $21,334 
156 166 95 83 71 
$1,886 $1,533 $1,366 $993 $873 
4 3 3 3 2 
$18 $13 $15 $16 $13 
4,383 4,386 2,639 2,120 2,366 
$3,101 $3,064 $2,032 $1,394 $1,679 
1 12 12 11 9 
13 10 | 8 13 
™503,169 520,640 472,871 528,934 575,375 


The General Services Administration sold 
42,000 pounds of muscovite film, 2.2 million 
pounds of muscovite splittings, and 154,000 
pounds of phlogopite splittings. 
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Table 2.—Stockpile goals and Government inventories for mica, December 31, 1984 


(Thousand pounds) 
Inventory 
j Available 
Material Goal Stockpile er for Meis 
grade pile disposal 
grade 

Block: 

Muscovite, Stained and better |... 6,200 5,006 201 et cree 

Phiogopite 20 tet ee uem 210 17 114 e ads 
Film: Muscovite, lst and 2d qualities 90 1,179 1 1,035 42 
Splittings: 

Musste dea padece En 12,630 15,405 m 152 2,182 

Phlogopite . ³⁰ÜIiAA 930 1,519 "n 8 154 

DOMESTIC PRODUCTION 
Scrap and Flake Mica.—U.S. production Harris Mining Co., Spruce Pine, NC; 


of scrap (flake) mica? was 161,000 tons 
valued at $7.1 million. North Carolina re- 
mained the major producing State with 
49% of the total. The remainder was pro- 
duced in Connecticut, Georgia, New Mexico, 
Pennsylvania, South Carolina, South Dako- 
ta, and Texas. Most of the scrap (flake) mica 
was recovered from mica schist, high- 
quality sericite schist, and as a byproduct of 
kaolin, feldspar, and lithium beneficiation. 
The five leading producers were, in order of 
output, Pacer Corp., Custer, SD; Mineral 
Industrial Commodities of America Inc. 
(M. I. C. A.), Santa Fe, NM; Kings Mountain 
Mica Co., Kings Mountain, NC; Lithium 


M. I. C. A., Santa Fe, NM; and Kings Moun- 
tain Mica, Kings Mountain, NC. 

Production of low-quality sericite, primar- 
ily for use in brick manufacturing, was 
32,000 tons valued at $80,000. Approximate- 
ly 43,000 tons of ground sericite valued at 
$277,000 was sold or used. Low-quality seri- 
cite is excluded from tabulated data con- 
tained in this report. 


Table 3.—Scrap and flake mica! sold or 
used by producers in the United States, 
by State 


(Thousand short tons and thousand dollars) 


Corp. of America Inc., Gastonia, NC; and State Quantity Value 
The Feldspar Corp., Spruce Pine, NC. 

Ground Mica.—Production (sold or used) TM ALA US 8212 
of ground mica, from scrap and flake mica, 1982222 106 6,398 
increased 12% to 146,000 tons, valued at E * 6,479 
$21.3 million. Dry-ground mica, 91% of the 1984: . 
total, increased by 13%, and wet-ground 33 Carolina - ~~ ---- T9 3,162 

apse , er States 82 3,377 
mica increased by 8%. Thirteen companies 
operated sixteen grinding plants; of these, Total- 161 7.139 


12 produced dry- ground and 4 produced wet- 
ground mica. Leading ground mica produc- 
ers were, in order of output, United States 
Gypsum Co., Chicago, IL; Pacer, Custer, SD; 


Includes finely divided mica recovered from mica schist 
and high quauty sericite schist, and mica that is a byprod- 
uct of feldspar, kaolin, and lithium beneficiation. 

2Includes Connecticut, Georgia, New Mexico, Pennsyl- 
vania, South Carolina, South Dakota, and Texas. 


Table 4.—Ground mica: sold or used by producers in the United States 
(Thousand short tons and thousand dollars) 


s Dry-ground Wet-ground Total? 
ear 

Quantity Value Quantity Value Quantity Value 
;öĩÄꝛ ⁰„-m AHG. 100 11,381 10 3,490 111 14,870 
1E 1. runc clans inca ie sat ah eS Mte er. 107 13, 439 11 4,001 117 17,440 
) eU euni ĩðVĩy 8 85 11,604 11 4,502 96 16,106 
IONS a e unit yd 8 118 13,907 12 4,195 130 18,702 
„ p Si ee a ts 8 133 16, 269 13 5,065 146 21,334 


Domestic and some imported scrap. Low- quality sericite is not included. 
2Data may not add to totals shown because of independent rounding. 


MICA 
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CONSUMPTION AND USES 


Sheet Mica.—Consumption of muscovite 
block (ruby and nonruby) totaled 62,100 
pounds, a decrease of 16% from that of 1983. 
Of the total muscovite block fabricated, 
79% went into electronic uses; of this, about 
two-thirds was used in vacuum tubes. Of the 
muscovite block fabricated for nonelectron- 
ic uses, 17% went into gauge glass and 
diaphragms. Most of the decrease in con- 
sumption was in Stained quality, although 
it remained in greatest demand, accounting 
for 75% of consumption. Combined con- 
sumption of grade No. 4 and larger sizes 
increased slightly, while consumption of 
sizes smaller than No. 4 decreased. 

Eight companies continued to consume 
muscovite block and film in eight plants in 
seven States; two in North Carolina and one 
each in Massachusetts, New Jersey, New 
York, Ohio, Pennsylvania, and Virginia. 
The New York, Pennsylvania, and Virginia 
companies consumed 76% of the total. 

Phlogopite block fabrication totaled 9,200 
pounds, a decrease of 6% from that of 1983. 
The block was consumed by five companies 
in five States. 

Consumption of mica splittings increased 
12% to 2.4 million pounds. Muscovite split- 
tings from India accounted for 9896 of the 
consumption. The remainder was phlogo- 
pite splittings from Madagascar. The split- 


tings were fabricated into various built-up 
mica products by 11 companies operating 11 
plants in 9 States. 

Built-Up Mica.—The primary use of this 
mica-base product, made by mechanical or 
hand setting of overlapping splittings and 
alternate layers of binders and splittings, 
was as electrical insulation material. Total 
production, sold or used, of built-up mica 
increased 11% from that of 1983. Segment 
plates and molding plates were the major 
end products, accounting for 32% and 27% 
of the total, respectively. Other end prod- 
ucts included flexible plates, heater plates, 
and tapes. 

Reconstituted Mica (Mica Paper).— Five 
companies consumed 5.5 million pounds of 
scrap mica to produce 3.9 million, pounds of 
mica paper. The principal source of this 
scrap mica was India. Primary end uses for 
mica paper were the same as those for built- 
up mica. Manufacturing companies were 
Corona Film Inc., West Townsend, MA; 
General Electric Co., Schenectady, NY; 
Kirkwood-Acim Corp, Hempstead, NY; 
Proctor-Silex Div., SCM Corp:, Mount Airy, 
NC; and U.S. Samica Corp., Rutland, VT. 

Ground Mica.—The major end uses were 
joint cement, 47%; well-drilling muds, 16%; 
and paint, 13%. Other end uses included 
roofing and rubber. 


Table 5.—Fabrication of muscovite ruby and nonruby block and film mica and 
phlogopite block mica in the United States in 1984, 
by quality and end-product use 


(Pounds) 


Electronic uses 


Nonelectronic uses 


Variety, form, Gauge 2. Grand 
and quality Capac- Tubes Other Total! adds, Other Total! total 
phragms 
Muscovite: 
Block: l 
Good Stained or better_ _ 700 300 (2) 1,000 2,200 800 3,000 4,100 
Stained -— 30,400 13,800 44,200 D 2,500 2,500 46,700 
Lower than Stained? _ _ _ P 1,900 2,100 4,000 P 7,200 7,200 11,200 
Total! uc 700 32,500 16,000 49,200 2,200 10,600 12,800 62,100 
Film: c 
lstquality -—-----—— 1,000 - oc 1,000 8 oe " 1,000 
2d-quality |... 1,400 D E 1,400 M o ns 1,400 
Total 2 em 2,500 ene 2,500 eT uu 8 2.500 
Block and film: 
Good Stained or better! 3,200 300 2 3,900 2,200 800 3,000 6,500 
Stained? __________ SS 30,400 13,800 44,200 = 2,000 2,000 46,700 
Lower than Stained n 1,900 2,100 : REM 1,200 1,200 11,200 
Total" — ecce 3,200 32,500 16,000 51,700 2,200 10,600 12,800 64,500 
Phlogopite: Block (all qualities) aat "m 00 400 E 8,700 8,700 9,200 


1Data may not add to totals shown because of independent rounding. 


2Less than 50 pounds. 
3Includes punch mica. 
“Includes 1st- and 2d-quality film. 


5Includes other quality film. n c 
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Table 6.—Fabrication of muscovite ruby and nonruby block and film mica in the 
United States in 1984, by quality 


(Pounds) 
No. 4 
Form, variety, and quality and No. 5 No. 5-1/2 No. 6 Other! Total? 
larger 
Block: 
Ruby: 
Good Stained or better 3,200 400 200 300 sep 4,100 
Steihed ³˙·ꝛ ⁊ðͤ K 8,600 18,600 12,400 3,700 1,200 44,600 
Lower than Stained _________ 2,000 200 900 1,400 5,400 9,900 
D! 13,800 19,100 13,600 5,400 6,700 58,600 
Nonruby: 
Good Stained or better 100 (3) n zc zs 100 
Stained . 800 TON 300 600 400 2,100 
Lower than Stained .. .. .... 800 E Mes 400 E 1,300 
MOURN hours nec Lets 1,800 (3) 300 1,000 400 3,500 
Total block (ruby and 
nonruby)? |. ........ 15,600 19,200 13,900 6,400 7,100 62,100 
Film: 
Ruby: 
Ist- quali) Ep 300 200 200 TE 700 
2d-qualijy (3) 600 400 200 ic: 1,200 
// (3) 800 600 400 "TE 1,900 
Nonruby: = 
Ist-qualit̃ vv hes abies 200 200 PEE 400 
2d-quality ______________~- T E» 200 zt EN 200 
!! N zc. NC 400 200 mee 600 
Total film (ruby and 
nonruby z 3) 800 1,000 600 "n 2,500 


lFigures for block mica include all smaller than No. 6 grade and punch mica. 
Data may not add to totals shown because of independent rounding. 
Less than 50 pounds. 


Table 7.—Consumption and stocks of mica splittings in the United States, by source 
(Thousand pounds and thousand dollars) | 


India Madagascar Total! 
Quantity Value Quantity Value Quantity Value 
Consumption: 
h no Se ea Fe ee, EU 4,216 2,543 167 557 4,383 3,101 
J. ⁵ðͤ u ⁵ er eT 4, 268 2, 601 117 463 4,386 3,064 
ION S Deu ME mL rd 2,576 1,775 63 257 2,639 2,032 
1983 PERO a d eT Ee a ae 2,079 1,257 41 137 2,120 1,394 
IJ... ĩ⅛ðͤ u ĩðͤK OPE APER 2,323 1.537 42 141 2, 366 1.679 
Stocks on Dec. 31: 
0)J!;.ö;.;ßXow I d Ee E e 2.917 NA 69 NA 2,986 NA 
)JJJJ!.üüöĩö[õ K ⁵³ 2,621 NA 101 NA 2,722 NA 
7)ö Oo ree V Apa eS 1,922 NA 42 NA 1,964 NA 
;öÜ 7ꝛĩ ᷣ ; - a :m:m 8 1,187 NA 148 NA 1,335 NA 
TOBA ceu ... 8 877 NA 77 NA NA 


NA Not available. 
Data may not add to totals shown because of independent rounding. 


MICA 


Table 8.—Built-up mica! sold or used in the United States, by product 


(Thousand pounds and thousand dollars) 


Flexible (cold))))77777'7 - 
Heater plate 
Wiens Sneha ces t iem 
numen. Pr!“ b 


— — = —— —— ſ—— —— — —— —— ——— — — —— —— —— —— s o — — 
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1983 1984 
Quantity Value Quantity Value 

shee 192 842 237 1,072 
Ease 101 370 103 397 
HN 634 1,803 655 1,912 
e 593 1,960 773 2.651 
zl 289 2,065 234 1,612 
te 356 1,935 404 2,155 
E 22,164 8,975 2,406 9,799 


iConsists of alternate layers of binder and irregularly arranged and partly overlapped splittings. 
2Data do not add to total shown because of independent rounding. 


Table 9.—Ground mica sold or used by producers in the United States, by end use 


(Thousand short tons and thousand dollars) 


End use 


ns %%% RNA ECRIRE PH ES: 


1983 1984 
Quantity Value Quantity Value 
UR NER 61 8,955 68 10,193 
5 18 2,897 19 3,195 
HOD W W W W 
Ww » 13 1,364 23 2,416 
„ 39 5,486 36 5,530 
e 2130 18,702 146 21.334 


W Withheld to avoid disclosing company proprietary data; included with Other.“ 
!Includes mica used for agricultural products, molded electrical insulation, plastics, rubber, welding rods, textile and 


decorative coatings, and uses indicated by symbol W. 


2Data do not add to total shown because of independent rounding. 


STOCKS 


Reported yearend consumer stocks of pounds; of this, mica splittings represented 


sheet mica decreased 25% to 1.2 million 


81% and mica block represented 19%. 


PRICES 


Average reported values of consumed 
muscovite sheet mica increased as follows: 
block, 4% to $13.57 per pound; film, 4% to 
$5.40 per pound; and splittings, 1896 to $0.71 
per pound. The average value of phlogopite 
block increased 3% to $3.38 per pound while 
the value of phlogopite splittings remained 


at $3.35 per pound. 

The average value of crude scrap (flake) 
mica, including high-quality sericite, was 
$44.46 per ton. The average value per ton 
for North Carolina scrap (flake) mica, pre- 
dominantly a flotation product, was $47.85. 
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Table 10.—Average reported price for dry- 
and wet-ground mica sold or used by U.S. 
producers in 1984 


(Dollars per short ton) 
Kind Price 

Dry-ground _________.~___..-..__. 123 

Wet-ground___________________- 392 
End uses: 

Joint eementvl᷑ 149 

/ co ye ae LL ee DES 170 

ee ß mi Ead W 

Welldrilling inud x ᷣͤ 88 107 

Other! _____________________ 154 


W Withheld to avoid disclosing company proprietary 


data; included with Other. 


‘Includes mica used for agricultural products, molded 
electrical insulation, plastics, rubber, welding rods, textile 
and decorative coatings, miscellaneous, and use indicated 


by symbol W. 


FOREIGN TRADE 


The United States became a net importer 
of ground mica in 1984, importing 12.8 
million pounds valued at $2.3 million while 
exporting 11.5 million pounds valued at $1.5 
million. Ground mica was exported to 36 
countries. The leading countries of destina- 
tion were Mexico, 27%; Canada, 21%; and 
France, 10%. Canada supplied 99% of 
ground mica imports. 

Imports of unmanufactured block, film, 
and splittings decreased by 22% to 1.5 
million pounds. India remained the primary 
source, accounting for 97% of the imports. 

The total value of exported cut, stamped, 


and builtup mica was $4.5 million, an 
increase of 13%. Canada continued to be the 
leading country of destination, accounting 
for 45% of the total. Mexico received 14%; 
Italy, 9%; and the remainder went to 42 
countries. The total value of imports of 
these materials increased by 1096 to $2.8 
million. Of this, 53% by volume came from 
India, 24% from Belgium, and 1396 from 
Japan. 

The combined value of all mica exports 
was $7.1 million, an increase of 4%. The 
total imported mica value was $6.7 million, 
a 16% increase. 


Table 11.—U.S. exports of mica and manufactures of mica in 1984, by country 
(Thousand pounds and thousand dollars) 


Scrap and flake mica 


Ground or 
Country pulverized 

Quantity Value 
Argentina _______________- 12 20 
Australia. a ux 126 14 
Bahamas MN E 
BEC! 8 eae Ds 
Canada - - ---------------- 2,382 237 
Colombia 208 43 
France ·˙·»⅛i . 8 1.162 132 
Germany, Federal Republic off 314 46 
Indii o comi cu E uncut - E 
f 0 330 61 
aA A ee 656 113 
Korea, Republic ffn 326 87 
WOR ICO) uu se et nos 3,132 337 
Netherlands 500 101 
Philippines 76 20 
South Africa, Republic off i "EM 
Spalt ol es a te e 420 42 
Sweden - --- ⁰· 30 10 


See footnotes at end of table. 


Sheet mica 
Unmanufactured Manufac- 
Waste and block. fil d tured, cut or 
scrap! oc ji tn an stamped, 
UN built-up 
Quantity Value Quantity Value Value 
zo pE Llc X 85 
ae M age = 141 
n ius m NN 72 
"E e" ee nts 179 
1,522 206 ue cus 2,022 
i us AN Le oe 1 
BE EM ct ee 6 
oa ee ats Em 49 
KR ae es TE 86 
120 13 14 16 408 
518 70 174 298 12 
set fe zi 2 9 5 
1,104 156 Lo =e 619 
ae E e cut. 23 
Ke: M" m" um 11 
EN ire 2 1 34 
pe M 122 156 220 
M t "a e 20 
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Table 11.—U.S. exports of mica and manufactures of mica in 1984, by country 
— Continued 


(Thousand pounds and thousand dollars) 


Scrap and flake mica Sheet mica 

Manufac- 
Country 5 Waste end W bru tured, cut or 

pulveri scrap splittings per ees 

Quantity Value Quantity Value Quantity Value Value 

United Kingdom ____________ 268 32 min e 34 69 288 
Venezuela 902 101 150 34 WP xc 92 
Others on tee 596 108 392 53 Es a 144 


C 11,500 1,506 3,806 532 348 549 4,519 


1Some shipments of ground mica are included in this category. 

zIncludes Bahrain, Belgium, Belize, the Cayman Islands, Chile, Costa Rica, the Dominican Republic, Ecuador, El 
Salvador, the French Pacific Islands, Hong Kong, Indonesia, Iraq, Ireland, Israel, Jamaica, Kuwait, the Leeward and 
Windward Islands, Malaysia, Morocco, the Netherlands Antilles, New Zealand, Nicaragua, Pakistan, Panama, Peru, 


Portugal, Qatar, Saudi Arabia, Switzerland, Taiwan, Thailand, Trinidad and Tobago, the Turks and Caicos Islands, the 
United Arab Emirates, Uruguay, and Zambia. 


3 Data may not add to totals shown because of independent rounding. 


Table 12.—U.S. imports for consumption of scrap and flake mica, by country 
(Thousand pounds and thousand dollars) 


Ground or 
County Waste and scrap pulverized 
Quantity Value Quantity Value 
19827 — occ lose AE 5,030 427 10,824 1,724 
) 7:5 MSN K a ee a 3,787 316 10,304 1,873 
1984: EERE 
Brazil coeno D ted iue dol 8 FEN 
Canada sr 8 2 (1) 12,672 2,200 
Chinü- e nete 11 1 Em IN 
France o . 8 110 15 nd em 
Germany, Federal Republic of —— = (3) (3) 
Indi nondum 9,696 941 37 
Japan. ca oie et eee ane Ae Er dde NO um 105 60 
Madagascar__________________~_ 11 1 oe eec 
MeXICO uc cas ⁰ e ai 2 (1) uU? V 
/ ³˙Ü—- cetus 10,384 985 12,814 2,266 
!Less than 1/2 unit. 


?Data may not add to totals shown because of independent rounding. 


Table 13.—U.S. imports for consumption of unmanufactured sheet mica, by country 
(Thousand pounds and thousand dollars) 


Not cut or stamped, 
Block Splittings not over 0.006 inch 
Country in thickness! 

Quantity Value Quantity Value Quantity Value 
1982- ua ͤk-AAA 89 244 3,084 1,181 (2) 24 
1983 ea E 44 169 1,577 608 278 209 

1984: 

Brazil meer 19 65 T "- rn E 
Canada 2) 1 28 28 e E 
France ________________ (2) 1 (2) 1 
Ii ĩ 88 47 54 1,339 423 44 34 
S c E ie Te n e e (2) (2) 
United Kingdom 2 29 s e "- men 
Totale ettert4ecf4 ee 68 3151 1,368 458 44 35 


Including film. 
2Less than 1/2 unit. 
3Data do not add to total shown because of independent rounding. 
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Table 14.—U.S. imports for consumption of manufactured sheet mica, by country 
(Thousand pounds and thousand dollars) 


Cut or stamped 


Articles not 
Plates and f 
Country Not over 0.006 inch Over 0.006 inch built-up especiall 

in thickness in thickness provided for 
Quantity Value Quantity Value Quantity Value Quantity Value 
e RR TAE 67 730 157 798 468 1.042 32 366 
MOBS Exo 8 48 633 186 131 460 921 41 292 

1984: 

Belgium ____________ " " "o __ 374 670 (7) 4 
Canada Da 1 11 2 18 13 33 
Fl (1) 6 (3) 1 18 34 14 24 
Iii. 88 111 497 76 332 28 129 31 539 
Japan ($) 1 61 236 19 105 5 29 
Netherlands Em EN RN Ne 25 50 8 3 
United Kingdom are D» 10 14 UN TOM 45 35 
Other? |... 2 13 3 17 Zs os 1 35 
Total® __________ 114 517 152 610 467 1,007 123 102 


1Less than 1/2 unit. 


2Includes Brazil, the Federal Republic of Germany, Hong Kong, Ireland, Italy, the Republic of Korea, Mexico, Portugal, 
the Republic of South Africa, Switzerland, and Taiwan. 


3Data may not add to totals shown because of independent rounding. 


Table 15.—Summation of U.S. mica trade data 
(Thousand pounds and thousand dollars) 


Scrap and flake mica Sheet mica 
Unmanufactured Manufactured, 
niei ibis and block, film, and cut or stamped, 
P splittings built-up 
Quantity Value Quantity Value Quantity Value Quantity Value 
Exports: 
1980. o eS 16,374 2,247 11,964 1,714 586 239 NA 7,665 
I ³˙¹¹A 13,954 2,085 1,588 1,085 298 261 NA 7,001 
DOB eee eyes feodis 16,746 2,144 5,254 742 294 296 NA 5,499 
7 eee 16,430 2,112 3,986 545 70 109 NA 4,001 
19 9;Ü?ʒ/ Ail mue 11,500 1, 3,806 532 348 549 NA 4,519 
Imports for consumption: 
oo n n oen 11,345 1,065 6,936 663 5,013 2,648 831 3,487 
1981 AA uoce 13,369 1,390 8,075 915 3,484 1,854 688 3,377 
1982 Lo o ences 10,824 1,724 5,030 427 3,173 1,449 124 2.936 
Ü one ere 10,304 1,873 3,787 316 1,899 986 735 2,583 
JJ eo te iuc 12,814 92, 266 10,384 985 1,480 644 856 2, 836 
NA Not available. 
1Some shipments of ground mica are included in this category. 
WORLD REVIEW 


World production of all forms of mica 
increased 9% to 575 million pounds, primar- 
ily because of increased U.S. production of 
scrap and flake. India continued to lead the 
world in production of sheet mica. The 
United States remained the leader in pro- 
duction of scrap (flake) mica. 

Canada.—Samples of muscovite mica 
from a deposit near Kaladar, Ontario, were 
shipped to Japan by Koizumi Group Canada 


Ltd. Studies were underway to develop a 
technique for processing the mica into a 
product usable in the plastics industry.? 
Finland.—Kemira Oy was constructing a 
22,000-ton-per-year mica facility at Siilinjar- 
vi. Phlogopite flake mica will be separated 
as a byproduct at a nearby apatite plant 
and processed into various grades for use in 
the oil-drilling, plastics, and construction 
industries. A 2,200-ton-per-year pilot plant 


MICA 


began operating in 1984, and the main plant 
was scheduled to begin full operation in 
mid-1985.* 

India.—In an effort to stimulate mica 
production in the State of Andhra Pradesh, 
the Mica Trading Corp. of India Ltd. (MIT- 
CO), Bharat Heavy Electricals Ltd. (BHEL), 
and the government of Andhra Pradesh 
were sponsoring research to determine if 
green scrap mica would be suitable for 
making mica paper. Green mica is abun- 
dant in Andhra Pradesh, but exports have 
nearly ceased because mica paper producers 
prefer ruby mica from the State of Bihar. 
The research project is being conducted at 
BHEL’s laboratory in Hyderabad.“ 

MITCO was also in the process of setting 
up fhree mica paper plants. One plant was 
to be established at Abrak Nagar in Bihar 
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in collaboration with BHEL and Nippon 
Rika Kogyosho Co. Ltd. (NRK) of Japan. It 
will utilize a mechanical disintegration 
process when production begins in 1985. 
NRK is supplying the equipment and exper- 
tise and will purchase one-half of the plant’s 
production. The other plants, one using a 
calcining process and the other using a 
thermochemical process, were expected to 
be operational by 1986. The combined annu- 
al capacity of the three plants will be about 
1,300 tons of mica paper.* 


1Physical scientist, Division of Industrial Minerals. 

2Production of high-quality sericite is included in the 
totals; however, figures for low-quality sericite, used prin- 
cipally for brick manufacturing, are not included. 

adian Mining Journal. V. 105, No. 2, Feb. 1984, 

pp. 86-87. 

“Industrial Minerals (London). No. 206, Nov. 1984, p. 11. 

5 — ——. No. 204, Sept. 1984, p. 19. 

S . No. 203, Aug. 1984, p. 13. 


Table 16.—Mica: World production, by country! 


(Thousand pounds) 
Country? 1980 1981 1982 1983P 1984* 
Argentina 
"Sheet ea pe atin tsa oan pa ee 481 97 53 62 55 
Waste, scrap, ete 1,358 1,012 481 628 600 
Brazil (ex ports) / 10,620 11.735 1.936 7,926 7,800 
Canadlaa 22,000 ,000 ,000 ,000 23,000 
France? ____________________ 15,400 715,400 115, 400 115, 400 14,300 
India: 
Exports: 
Block -ocinko esi oe 1,737 2,610 2, 400 2400 2,400 
Film and disk .. . ....... 724 768 440 400 400 
Splitting 3,606 1,303 *8,800 $7,000 7,000 
Scrap cnc enc 15,603 14,274 €17,600 15, 500 15,500 
Powder _________-______ 30,876 25,614 *11,000 *9,000 9,000 
Manufactured |... 3,861 925 *660 €1,100 1,100 
Domestic consumption, all forms: 6,600 6,600 6,600 6,600 6,600 
r 63,007 58,154 €47,500 €42,000 42,000 
Korea, Republic of (all grades) 22,113 €22,000 44,815 31,751 33,000 
Madagascar (phlogopite) ---------- 33,816 844 2,866 2,392 2,200 
Mexico (all grades) 7,937 4,579 1,124 3,439 3,300 
Pern 22 ae ee eae 110 1,265 1, 200 1, 200 1.200 
South Africa, Republic of: 
See. òw60ů (*) -— 2 EUM m 
C RE Iu ee 5,513 5,280 3,871 5,891 10,300 
SS ; nus Le 10,650 7,769 7,557 2,866 3, 
Sri Lanka (scrap // 320 401 642 377 440 
Sudan eg, 300 4,409 364 22 = 
Tanzania (sheet hh 22 11 11 $ ($) 
U.S. S. R. (all grades) |. 101,000 104,000 106,000 108,000 108,000 
United States: 
Sheet... 2 x 8 NA NA NA NA NA 
Scrap and flake® _____________ 232,000 266,000 212,000 280,000 322,000 
Y VM Got oa M a ⁵⁵ S uei. 549 3,093 r 8100 3, 300 
Zimbab'dee 9 2, 253 3,100 1,898 880 880 
Grand total 1503, 169 1520, 640 412,811 528,934 575,375 


iTable includes data available through May 14, 1985. 


FRevised. NA Not available. 


In addition to the countries listed, China, Mozambique, Namibia, Norway, Pakistan, Romania, and Sweden are known 
to produce mica, but available information is inadequate to make reliable estimates of output levels. 


Excludes scrap mica. 
Less than 1/2 unit. 
5Excludes U.S. production of low-quality sericite. 
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Molybdenum 


By J ohn W. Blossom! 


Domestic and foreign molybdenum mar- 
kets remained imbalanced in 1984, world- 
wide mine production exceeded demand, 
and domestic consumer stocks were kept at 
a minimum. U.S. mine output of molybde- 
num increased 209% compared with that of 
1983 and represented 50% of world produc- 
tion. This increase in domestic production 
was the result of the restarting of primary 
production. Reported end-use consumption 
of molybdenum in raw materials and appar- 
ent domestic demand increased compared 
with that of 1983. World demand for molyb- 
denum rose, resulting in larger quantities of 
molybdenum exported from the United 
States. Domestic producer stocks of molyb- 
denum decreased by 2296, but confronted 


with stock inventories equivalent to about 1 
year's consumption, domestic producers' 
prices were weak. World market prices 
were below those of most U.S. producer 
price listings for most of the year. 

Domestic Data Coverage.—Domestic pro- 
duction data for molybdenum are developed 
by the Bureau of Mines by means of three 
separate, voluntary surveys. These surveys 
are Molybdenum Ore and Concentrate," 
“Molybdenum Concentrate and Molybde- 
num Products," and "Molybdenum Concen- 
trates." Of the 26 operations to which sur- 
veys were sent, all responded, representing 
100% of the total production shown in table 
1. 


Table 1.—Salient molybdenum statistics 
(Thousand pounds of contained molybdenum and thousand dollars) 


United States: 
Concentrate: 
Production - cse 8 
Shipments _________________________ 
Value 
Consumption 
Imports for consumption 
Stocks, Dec. 31: Mine and plant 
Primary products: 
Production 2 «onde es 
Shipments — - --------------------——— 
Consumption 
Stocks, 
World: Mine production 


“Estimated. Preliminary. 


1980 1981 1982 1983 1984 
150,686 139,900 84, 381 133,593 103, 664 
149,311 118,916 76,135 148,805 102,405 

$1,344,181 $945,540 $504,089 166,612 $326,780 
108,206 80,725 49,444 21,014 94,843 
1,825 1,988 3,115 11,673 28 

18,101 35,043 38,510 11.637 12,450 

106,284 105,824 65,381 31,533 19,689 
95,391 64,368 41,884 150,562 65,528 
53,265 50,189 21,665 21,225 34,192 
21,007 44,961 49,402 728,352 22,155 

243,154 240,012 214.800 P140,295 208,665 
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DOMESTIC PRODUCTION 


Domestic mine production of molybde- 
num increased to a total of 104 million 
pounds of contained molybdenum. The 
country’s three largest producers were 
AMAX Inc, Anaconda Minerals Co., and 
Duval Corp., which together produced 70% 
of 1984 production. 


Domestic producers attempted to correct 
oversupply conditions by reducing produc- 
tion and canceling or extending new project 
development. U.S. Borax & Chemical Corp. 
restricted the development of its Quartz 
Hill molybdenum project east of Ketchikan, 
AK. 


Table 2.—Production, shipments, and stocks of molybdenum products in the 
United States 


(Thousand pounds of contained molybdenum) 


1983 1984 1983 1984 1983 1984 
Molybdic Metal Ammonium 
oxides! powder molybdate 
Received from other producers -— - —- - - - - - ----— 713,815 4,889 263 ET 1,089 1,521 
Gross production during year —- - —- - —-- --------— 21,105 62,131 4,587 5,863 2,131 3,332 
Used to make other products cta listed here 16,558 1,946 921 1,561 1,676 2.215 
Net production 11,148 40,186 3,667 4,302 1,055 1,116 
Shipments ..— ee ees 798,642 50,253 8,874 4,178 2,058 W 
Producer stocks, Dec. l!l1l! „ 722,991 17,295 503 594 1,088 684 
Sodium 
molybdate Other? Total 
Received from other producers... ----------- 49 W 1,511 63 116.727 6,419 
Gross production during yea 191 W 2,319 8,363 37,533 9,689 
Used to make other products listed here A. W 614 19,246 26,336 
Net production -—-——-—------------------——- 191 W 2,221 7,749 18,288 53,353 
Shipments M —————— 204 W 5,784 11,006 50,562 266,528 
Producer stocks, Dec. !]114l1)II0IIl . 79 W 13,741 3.582 128, 352 22, 155 


"Revised. W Withheld to avoid disclosing company proprietary data; included with Other.“ 
Includes technical and purified molybdic oxide and briquets. 


?Includes ferromolybdenum, calcium molybdate, phos 


molybdenum metal, pellets, molybdenum pentachloride, an 


homolybdic acid, molybdenum disulfide, molybdic acid, 
0 


enum hexacarbonyl. 


Data do not add to total shown because of independent rounding. 


CONSUMPTION AND USES 


The quantity of molybdenum in concen- 
trate roasted domestically to produce tech- 
nical-grade molybdic oxide increased to 55 
million pounds, about 104% above that of 
1983. The remainder of the mine production 
of concentrate, containing about 49 million 
pounds of molybdenum, was either exported 
for conversion, purified to lubrication-grade 
molybdenum disulfide, or added to the 
stocks at the mines and plants. The oxide, 
or roasted concentrate, is the chief form of 
molybdenum utilized by industry, particu- 
larly steel, cast iron, and superalloy produc- 
ers. However, some of the material is also 
converted to other molybdenum products, 
such as ferromolybdenum, high-purity ox- 
ide, ammonium and sodium molybdate, and 
metal powder. 

Apparent domestic consumption (calcu- 
lated from mine production, imports minus 
exports, and change in industry stocks) 
increased by about 20% over that of 1983 to 


35 million pounds of molybdenum. The 
increase in apparent consumption was the 
first since 1979. Likewise, total reported 
end-use consumption of molybdenum in raw 
materials increased about 28% over that of 
1988. Molybdenum consumed in oxide form 
(technical-grade, purified, and briquets) 
accounted for about 64% of total reported 
consumption; in ferromolybdenum, 13%; 
and in other forms, 22%. 

Molybdenum reported as consumed in the 
production of steel accounted for 58% of 
total consumption. Approximately 29% of 
consumption was attributed to other metal- 
lurgical uses, such as cast irons, super- 
alloys, and as a refractory metal. Catalyst, 
lubricant, pigment, and other nonmetallur- 
gical applications composed the final 13% of 
total consumption. Nearly all end-use areas 
exhibited an increase in molybdenum con- 
sumption compared with those of 1983. 
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Table 3.—U.S. consumption of molybdenum, by end use 
(Thousand pounds of contained molybdenum) 


Ammonium Other mo- 


Molybdic Ferromo- ^ 
End use y 1 Aandsodium  lybdenum Total 
oxides — lybdenum' ‘molybdate materials 
1983 
Steel: 
2 - 540 82 5a 18 640 
Stainless and heat resistin ggg 3,942 472 S 131 4,545 
h-strength, low-alloy |... !⸗ö 422 251 =e 21 5694 
pret owW-ally⸗ r 32 
High UE xi NE 3% Qu 1,192 456 = 10 1,658 
Cast pie V mec tO TORRENS uc 1,059 
Superalloys - - - - - - -----------------—- 1,081 124 n 1,839 2,544 
Allo (excludes steels and superalloys): 
elding and | alloy hard-facing and materials m 106 i 16 122. 
Other alloy) 207 66 ie 116 389 
Mill products 135 from metal poõw der a MES 8 3,210 3,210 
Chemicals and ceramics: 
Eh o ].“!!! ĩͤ es A Tee As ees W "m 318 TES 318 
C§˙è— ... ees 1.611 " W 51 1,662 
ö; a 88 6 Nm m 685 691 
Miscellaneous and unspecified... - -------——- 421 57 349 58 885 
Total ust Lure 8 17,451 3,403 667 5,698 21,225 
1984 
Steel: 
öôöĩÜöÜ1ö:ʒ ²yU U ꝶ. Lie Lr 787 101 E 2 890 
Stainless and heat resis ting 4,414 562 Me 154 5,130 
Fl ⁵ðᷣ K 8,914 835 ds 29 9,778 
High-etrength, low-allouhhͤůů;ss -.- 1,094 531 ES 25 1,650 
TOUL-. nc cL Le 2,165 569 "A 21 2,161 
Cast irons 2 ß y cni e: 407 1,208 aus 24 1,639 
P r;öĩ; m EL AE 1,230 156 "EN 1,604 ,990 
sa (excludes steels and superalloys): 
elding and alloy hard-facing and materials ed 172 mee 19 191 
Other alloys? ſ?“.)))))) _ 282 141 ie 175 598 
Mill products made from metal powder Tn "M ot 4,507 4,507 
Chemicals and ceramics: 
Enid. gn el FO UL ĩͤ EEE TAE W 2c 302 ENS 302 
Catal Veta. ne wm 8 2,601 W W 187 2,188 
Other- ——— Lei ĩð EL AL 4 Lic m 835 839 
Miscellaneous and unspecified... . . _ 327 87 260 55 729 
S ³ĩð—³A é 22,225 4,362 562 7,643 34,792 


W Withheld to avoid disclosing company proprietary data. 
Includes calcium molybdate. 
Includes purified molybdenum disulfide, molybdenite concentrate added directly to steel, molybdenum metal ee 
molybdenum metal, pellets, and other molybdenum materials. 
Includes magnetic and nonferrous alloys. 


STOCKS 


Total industry stocks, which include 
those of producers and consumers, decreas- 
ed by almost 12% to 39 million pounds of 
contained molybdenum. Inventories of mo- 
lybdenum in concentrate at mine locations 
registered an increase from 12 to 13 million 
pounds. Producers’ stocks of molybdenum 
in consumer products, such as oxide, ferro- 
molybdenum, molybdate, metal powders, 
and other types, decreased from 28 million 


pounds at the beginning of the year to 22.2 
million pounds by yearend. Compared with 
monthly molybdenum shipments, yearend 
producers’ stocks of these materials totaled 
almost a 4-month supply. Domestic consum- 
ers held inventories of about 4 million 
pounds throughout most of the year, repre- 
senting approximately a 1.3-month supply 
compared with average monthly reported 
consumption. 
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Table 4.—Industry stocks of molybdenum materials, December 31 
(Thousand pounds of contained molybdenum) 


Material 


Concentrate: Mine and plant 


Producers: 


Molybdic oxides? _____.____________-___-_-- 
Metal powder ____________~_--__~_-__----~ 
Ammonium molybd ate 
Sodium molybd ate 
P. ³˙¹¹ ts et POUR NEUE 


Consumers: 


Molybdic oxide 


Ferromolybdenum̃mnm d „ 
Ammonium and sodium molyb date! 
,, e ak Ei SZ a 


1980 1981 1982 1983 1984 
18.101 35043 38510 11637 12450 
REN 22,825 38,999 41,855 122,991 17,295 
zr 560 507 443 503 594 
n 944 1,075 1072 1.038 684 
S 48 27 48 79 W 
en 2630 4.353 5984 "3.741 3,582 
-. 27,007 44961 49,002 728352 22,155 
u 3816 3,217 2,03 1,467 1,552 
Be 1,507 914 616 570 721 
a 280 167 76 70 80 
an 1,813 1,467 1,386 1,567 1,540 
u 71416 5,765 4,181 3.674 3.893 
__ 52524 85,169 92,093 743,668 38,498 


"Revised. W Withheld to avoid disclosing company proprietary data. 
1Includes technical and purified molybdic oxide and briquets. 
Includes ferromolybdenum, calcium molybdate, phosphomolybdic acid, molybdenum disulfide, molybdic acid, 


molybdenum metal, pellets, molybdenum pentachloride, and moly 


Includes calcium molybdate. 


enum hexacarbonyl. 


“Includes purified molybdenum disulfide, molybdenite concentrate added directly to steel, molybdenum metal powder, 


molybdenum metal, pellets, and other molybdenum mate 


PRICES 


The price of molybdic oxide (per pound of 
contained molybdenum) declined from $3.93 
in January to $3.70 in March, then rose to 


Table 5.—Domestic price listings for 


$4.03 in May, declined to $3.60 in August, — 
and further declined to the year's low of n 
$2.88 at the end of December. The average 1983 1984 
price of oxide was $3.56 or $0.08 less than 
the average price in 1983. ide ic teins 12 pi 
Ferromolybdenum-export zu 4.52 4.32 
' 8 3.64 3.56 
FOREIGN TRADE 
Exports.— Exports of molybdenum in con- Imports.—Approximately 8 million 


centrate and oxide increased to 63 million 
pounds, 35% above that of 1983. Molybde- 
num concentrate exports were about 61% of 
. domestic mine production. Approximately 
97% of reported concentrate and oxides was 
shipped to Belgium-Luxembourg, the Feder- 
al Republic of Germany, Japan, the Neth- 
erlands, and the United Kingdom. The cal- 
culated molybdenum content of all exports 
increased from 58 million pounds in 1983 to 
81 million pounds in 1984. Total value of 
exports increased from $224 million in 1983 
to $318 million in 1984. 


pounds of molybdenum in various forms 
was imported into the United States, about 
the same as imported in 1983. This quantity 
represented 12% of supply and 23% of 
apparent consumption. Total value of all 
forms of molybdenum imported increased 
9%, from $35 million in 1983 to $38 million 
in 1984. In terms of both value and quanti- 
ty, the major forms imported were as con- 
centrate and as materials in chief value 
molybdenum. The principal originating 
countries for these imports were Canada 
and China. 


MOLYBDENUM 661 


Table 6.—Molybdenum reported by 
producers as shipments for export 
from the United States 


(Thousand pounds of contained molybdenum) 


1983 1984 
Molybdenite concentrate 718,979 41,687 
Molybdic oxide- - - ---------—- r19,877 24, 553 
All other primary products ______ 839 1,424 


TRevised. 


Table 7.—U.S. exports of molybdenum ore and concentrates (including roasted 
concentrates), by country 


(Thousand pounds of contained molybdenum and thousand dollars) 


1982 1983 1984 
Quantity Value Quantity Value Quantity Value 


Austris 5 udi LL cc E 1,523 8,485 2,179 8,105 


Belgium Luxembourg 7%%ͤͤͤ 8 2,458 14,312 4,354 20,171 5,146 22,629 
) 8 30 167 55 246 82 258 
ads 22222 ĩðâ/ 8 1,482 4,236 475 1.377 281 632 
oe RM ARE A mßrm ⁊ð v mw 3,197 6,062 1.394 1,988 208 679 
))%/%)%%%%CCöüöͥõͤͥͤͥͤͥͤͤ k ' 304 413 274 593 me owe 
Germany, Federal Republic off 7,502 22,712 6,148 20,918 6,576 14,936 
e a a ee se S 5,411 37,394 4,531 17,706 6,896 25,979 
Mexi oona ee 86 68 330 13 52 (1) 1 
Netherlands _________________________ 20,688 115, 358 20,700 95,598 34,914 150, 558 
S/ o 8 1,928 5,099 1,475 3,032 789 1,674 
Switzerland _________________________ 40 135 ect uie on be ss 
United Kingdomndm 4,740 15,191 5,208 14,336 7,863 23,057 
MM oo ³˙¹A ⁰⁰ tt 8 412 2, 320 262 1,000 611 2,367 
7J77õ§˙¹ / AA 49,783 232,214 47,068 185, 122 63,366 242,770 
lLess than 1/2 unit. 


Table 8.—U.S. exports of molybdenum products, by country 
(Thousand pounds, gross weight, and thousand dollars) 


1983 1984 
Product and country — — — —e— 
Quantity Value Quantity Value 
Ferromolybdenum:! 
Australia tas Sheeley Be a Lares AE HN S 118 240 
E J!;êĩ5⅛su mm x PEE 15 0 37 133 
)))VCCFͥ’ͥỹ e cu cuo e LM eic ces Sgr ͤ T d Eu oe 
Malaysia M ⅛˙ kyßds ee ee Se eee Se 4 6 1 4 
J7/õôĩ· m ¾ↄo w.... y m 88 a =e 66 169 
Philippines- HM ne a e ee a eee oe 20 72 (2) 1 
5 Africa, Republic off 9 30 16 50 
acq NN ĩðivũdd mt md 8 116 494 411 970 
ANo | ERAAI ENEE P cel ] ; b ek ee ies 171 687 650 1,567 
Metal and alloys in crude form and scrap: 
C ee sees) ³ m ³ AAA A eS 141 132 8 84 
= JJ 8 39 288 57 242 
))) ³»¹¹ſſͥſͥͥ ³ ſſͥͤ ͥ ⁰ ⁰²²(yw ⁵⁵⁰⁵²⁰y 8 1 12 8 80 
Germany, Federal Republic o 42 75 83 96 
F111 dM . ] ß p a ly aay cal 3 21 ze t 
— TU cS tI 105 430 30 198 
Netherlands JJ ⁵ ↄ ³o m 8 36 66 61 98 
"— VZV A hie Aa he Ae 1 8 
ieh ⁰y 112 592 53 357 
%%%; ³·¹ ü ⁰· VVT Ort EG 98 242 5 45 
))))ͤ·ĩõͥ ͥ ¹·’vwddl̃̃ . 577 1,860 306 1,209 
Wire 
Argentihi ees «m ( ec sU aer e 53 2 52 
CCf111Ü˙¹˙u.ſſſſſ0ꝗ—5„ſſTCPTTꝙB⸗́GMæææww... ALS LR E zv ae 1 
[T eed eme OU MEE EC OE BS ei 141 212 78 120 


See footnotes at end of table. 
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Table 8.—U.S. exports of molybdenum products, by country —Continued 
(Thousand pounds, gross weight, and thousand dollars) 


——€ i 1983 1984 
uct and coun — 
id Quantity Value Quantity 
Wire —Continued 
Belgium- Luxembourg „„ 4 69 9 

TAT EREN AETA E ATE E T E E A 88 5 99 18 
Canadi -=o asa a ] e mr yd a a 16 225 22 
J7/öĩÄ— ꝗ ⁵ ũ TT .:... ]%⅛—‚ ere S ĩ K Mu ate. 8 136 6 
55 Federal Nef. 8 E: 405 E: 
Italy. c x ß 48 929 26 
MI: LL ³Ü wb ³⁰ꝛ¹wwmꝛꝛæ ⁰⁰ðd mv. 88 116 1.792 97 
õĩÜÜö.0—.ꝗĩ—[õUé˙ẽ7dW ß k 8 7 204 15 
Netherlands % ÄV„“•t gt ett ee cece gh a 33 902 21 
SPLINE RON o un uoc pina E n SUM 1 
South A Africa, PRODUDIIC OF -sosse ee m eds icis 1 8 (?) 
SPa ee tn ce Sg eh 8 27 350 27 
SWOdenh a ... n en 8 6 82 11 
United Kingdom . !! 7 87 7 
Jö. esa en ꝛꝛꝛꝛ:. eC c te 132 1,126 39 

/ ͥͥ ͥͥͤ¹˙Ü⅛ ⁵⅛˙˖· ˙mm 7ĩᷣ u 7ĩ um LIS ONE 610 1,085 414 
Powder: 
Australi. —— Sh . ͤ 1 3 2) 
Belgium Luxembourg „„ 2 2 Mm 
ae TORTE SN er eR 8 3 26 4 
)))) IPE Pe ee ĩ u A Cert LEE 68 305 25 
Germany, Federal Republic of _._._______________________ ; "i E 
J apan E E E e SEN 13 50 23 
77ö§Ü5⅛łirð ˙ ͥꝙyykßk0ff a ee e Lie 7 31 37 
Netherlands. s,... Ec cech 33 162 3) 
Sweden ͥͥ ͥ ATA ff orca a ue e epi e Lue Eae 9 71 
TaIWal ccs. c o 1 ͤ ͤ ͤyſͤĩͥ ⁰¹·ẽw2...t.. ð 8 121 1.502 148 
United Kingdoennnunr 22 2222 c 59 242 11 
hh ³o¹i ³ 80 284 189 
Total a ue ecu ⁵ꝛ ¹ 0MoNmxæ ⅛ ß Li La neta 396 2,131 461 
Semifabricated forms, n.e.c.: 
AUSSIE «⅛˙ ð : df è dd v ee Meta AL iu 2) 5 3 
Belgium-Luxembourg _______________________________ 39 380 1 
hE Eevee esd FD EUER ⁰⁰ ER 10 339 31 
Canada ae ooo be oe? eet eL Luce E isa OER EY 25 546 33 
)) a S n ee ß eh i ey 14 500 13 
Germany, Federal Republic off 13 224 36 

N e: T TA oorr to s rr ce e ou A S . Oa 4 143 41 
7///;ö%Ä—% % ˙] e EE . 8 1 11 2 
Netherlands — _ - —- -—-------------------——---—--————— 24 618 29 
Philippines — acana ⁵ Sue iy 88 1 59 1 
õ⁵ x... . 8 2 63 (3) 
South Africa, Republic a sol 2 59 
United KRingdo n ol 16 1,483 51 
//)%))/))õͤ ⁰ ͥòpmedſfͥ ͥ d a 6 159 9 

Jö ⁵˙ààà ͥͥͥ eA ⅛ð K ce e Es 216 4,589 257 
Molybdenum compounds: 

Renta ul ³o˙ dd d ee, 2 14 (3) 
Citi! xð -d ͥꝗdd y 117 418 175 
Belgium-LuxembounRn UU ü U in 2) 1 4,688 
„„ »————PE PES 84 5 
CDU c ————— ³ĩͤÄddão'l tect AS oye 223 832 513 
Germany, Federal Republic of |... 880 1,464 1,296 

Pf ³ YꝓYPBiñæ dA dE LaL 8 6,310 17,118 5,121 
Mexico ——— 1 ß . 0 TAE Ae 8 37 
Netherlands _ - - - oe ee ee mc 90 181 6,746 

Weden v aae a E EE E é 32 55 953 
, ß ß t n uM 1 

JJ) e co e cc i e a ⁵¼¼¼¼ yy b 8 (3) 2 — 
ou Kingdóm -oe no le r. Cy ER RO es 379 943 2,644 

Bad FN fe tI ER Since od ⁰ yy oh en aa an 529 1,009 4,440 
Toul — o sea ene tS ees ee ee EI ZA 8,597 22,158 26,602 


1Ferromolybdenum contains about 60% to 65% molybdenum. 
WLess than 1/2 unit. 
Data may not add to totals shown because of independent rounding. 
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Table 9.—U.S. imports for consumption of molybdenum 
(Thousand pounds and thousand dollars) 


1983 1984 
TSUS Con- Con- 
no No. Gross tained value Gross tained Value 
weight molyb- weight molyb- 
denum denum 
Ore and concentratte — 601.33 2,986 1,673 3,528 46 183 
Material in chief value raed 8 603.40 5,711 3,445 12,985 8,800 5,266 19,441 
Ferromolybdenum ________. ....... 606.31 1,157 799 3,189 2,086 1,545 4,438 
aste and scra sds 628.70 NA 406 2,141 NA 431 2,565 
Unwroughgtt 2222-2 628.72 NA 97 1,398 NA 142 2,170 
Wroüght chs te 886 628.74 94 NA 2,331 132 NA 3,023 
Ammonium molybdate .. .. ....... 417.28 1,718 1,037 3,966 95 54 287 
Molybdenum compounds 419.60 2,407 677 3,048 883 599 2,547 
Sodium molybdatee 421.10 149 88 305 183 108 319 
Mixtures of inorganic compounds, chief value 
molybdenum _____________-___- 423.88 41 18 265 250 42 731 
Molybdenum orange 473,18 1,476 NA 1,841 2,026 NA 2,367 
%% cn nha ⁰⁰ ap te cs te 15,739 8,240 34,997 14,501 8,221 38,071 
NA Not available. 
Table 10.—U.S. import duties on molybdenum 
Ite TSUS Most favored nation (MFN) Non-MFN 
Item 
No. Jan. 1, 1985 Jan. 1, 1987 Jan. 1, 1985 
Ore and concentrate 601.33 9.8 cents per pound _ _ 9 cents per pound _ - 35 cents per pound. 
Material in chief value 
molybdenumm 603.40 7 cents per pound plus 6 cents per pound plus 50 cents per pound 
2.2% ad valorem. 1.9% ad valorem. plus 1596 ad valor- 
em. 
Ferromolybdenum 9 606.31 5.2% ad valorem 4.5% ad valorem .... 31.5% ad valorem. 
Molybdenum: 
Waste and scrap- _ __ 628.70 7.1% ad valorem ___ 6% ad valorem 50% ad valorem. 
Unwrought_______-— 628.72 7.2 cents per pound 6.3 cents (dr pound 50 cents pet pound 
plus 2.2% ad plus 1.996 plus 15% ad valor- 
valorem. valorem. em. 
Wroughgt 628.74 8.1% ad valorem .... 6.6% ad valorem ..— 60% ad valorem. 
Mol bdenum chemicals: 
monium molybdate 417.28 4.8% ad valorem ..... 4.3% ad valorem 2996 ad valorem. 
Calcium molybdate .. _ — 41820 ____do ________ 4.7% ad valorem ....— 24.5% ad valorem. 
UM com- 
unds 419.60 3.4% ad valorem 3.2% ad valorem 20.5% ad valorem. 
Putassiüm molybdate . _ 420.22 3.2% ad valorem ___ 3% ad valorem 23% ad valorem. 
Sodium molybdate ..... 421.10 4.1% ad valorem ___ 3.7% ad valorem _ — — 25.5% ad valorem. 
Mixtures of inorganic 
compounds, chief 
value molybdenum _ _ 423.88 3% ad valorem ..... 2.8% ad valorem ..... 18% ad valorem. 
Molybdenum orange 473.18 4% ad valorem ___— 3.7% ad valorem .... 2595 ad valorem. 
WORLD REVIEW 


World mine production of molybdenum 
was 209 million pounds, an increase of 49% 
over that produced in 1983. Over 91% of the 
estimated world production was supplied by 
Canada, Chile, the U.S.S.R. (estimated), and 
the United States. Although comprehensive 
statistics on world consumption were not 
available, market evidence clearly indicated 
that for the fourth year in succession supply 
exceeded demand. World molybdenum con- 
sumption increased, and stocks continued to 
decrease but exceeded more than 1 year's 
demand. 

Canada.—Molybdenum production (ship- 
ments) in Canada increased by about 896 in 


1984 over that in 1983. Noranda Mines Ltd. 
maintained its Boss Mountain Mine on a 
standby basis but reopened its Gaspe, Que- 
bec, mine in September 1984. 

Brenda Mines Ltd., a Noranda subsidiary, 
reopened its Peachland, British Columbia, 
mining operation at the end of May after an 
8-month shutdown. The mine was again 
closed in December 1984. 

Teck Corp. closed indefinitely its High- 
mont copper-molybdenum mine in British 
Columbia in October. Teck also has a 2296 
interest in Lornex Mining Corp. Ltd. How- 
ever, the majority of Lornex is held by Rio 
Algom Ltd. Production of molybdenum 
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at Lornex remained at a relatively high CO-Chile’s production came from the Chu- 

level, as in 1983. quicamata Mine, the largest copper mine in 
Chile.—Molybdenum production from the world. 

Corporacíon Nacional del Cobre de Chile 

(CODELCO-Chile) in 1984 was up 10% com- 'Physical scientist, Division of Ferrous Metals. 

pared with that of 1983. Much of CODEL- 


Table 11.—Molybdenum: World mine production, by country! 
(Thousand pounds of contained molybdenum) 


Country? 1980 1981 1982 1983 1984* 
,,, a x LE E 330 330 330 830 330 
Canada (shipments)_ - — - - - ---------------------- 126,892 "28,338 36288 22,474 324,174 
Chile- oeae cud mU S 30,133 33,863 44,198 33,001 237,172 
Chinas zie lt ea a a LS 4,400 4,400 4,400 4,400 4,400 
))C0ͥ0éĩ—ÿů ⁰ ⁵vwy Lc LU e ES 123 163 214 214 265 
Korea, Nepalese. 661 11 ,023 796 313 220 
Merito on : A a p er Le 163 994 11,442 12,932 4,740 
Mongolia" iano ee ee a 1,070 1,460 1,830 2,1 2,200 
Nipe sl 2-6. e e A luc E ae eee a eR C 9 93 
///)õ»ê!])ſyſſſyſſſſfſſſſſyſyfyhWyhh%%ꝓh t eu as E 5,926 5,485 6,378 5,794 6,800 
PhiliDDineB- . ae, a ee 201 207 150 86 3 
USSR . e E 22, 900 23, 600 24,800 24,300 24,700 
United States ___________________~-__ „„ 150,686 139, 900 84,381 38,598  ?108,664 
Total renee r ²˙ ] ] aa mt 8 248,754 "240,012 214.800 140,295 208, 665 


Estimated. Preliminary. "Revised. NA Not available. 

Table includes data available through May 24, 1985. 

2In addition to the countries listed, North Korea, Romania, Turkey, and Yugoslavia are believed to produce 
molybdenum, but output is not reported quantitatively, and available general information is inadequate to make reliable 
estimates of output levels. 

*Reported figure. 


Nickel 


By Peter G. Chamberlain: 


The worldwide nickel market continued 
to rebound from the 1982 low ebb. In 1984, 
both production and demand for nickel 
registered significant increases. World de- 
mand was insufficient, however, to avoid a 
continued overcapacity in world production 
facilities. With production at approximately 
75% of rated capacity, the resultant keen 
competition for sales contracts among pro- 


ducers and traders kept prices from rising 
along with demand. Toward yearend, un- 
usually heavy nickel purchases from the 
London Metal Exchange (LME) coupled 
with a dearth of Soviet shipments to the 
LME resulted in a drastic drop in LME 
nickel stocks. This caused the nickel prices 
to edge upward in December. 


Table 1.—Salient nickel statistics 
(Short tons of contained nickel unless otherwise specified) 


1980 1981 1982 1983 1984 
United States: 
Mine production: 
ickel ore (gross weightr dv 1,751,900 1,794,000 432,488 — 1,674,600 
Shipments nec oie musice E E 14,653 12, : T" ,940 
Plant production: 
Smelter, from domestic ores (includes byproduct nickel) 11,225 10,305 9,456 W 9,604 
finery, from imported matte 33,000 38,500 41,500 33,400 35,329 
Secondary recovery, from purchased scrap:* 
From ferrous scrap sz 30,797 34,459 30,034 30,076 39,858 
É From nonferrous scrap . s- 18,494 17,617 12,934 19,776 19,428 
xports: 
Primary (unwrought _-___....-----~--_--- 19,463 19,674 37,356 23,359 27,927 
I Total (gross weight) ~ - - - - ----------------—— 56,675 46,836 57,029 43,913 50, 645 
mports: | 
Primary 2.2.33 os on eo ee c ec 189,188 209,008 129,787 152,333 176, 715 
Primary (gross weight k 265,943 306,747 177,493 215,361 249,929 
Total (gross weightttt „ 275,346 315,837 186,913 225,537 264,778 
Consumption: | 
ported: 
, ß ecd Ee ee 156,299 144,851 103,981 127,845 136,861 
Secondary (purchased scrap)? )))) 43,183 43,168 35,690 42,084 49, 649 
Calculated: 
Primary 2o lene ⁰ wm rv 157,709 153,994 138,032 153,388 159.632 
Secondary (purchased scrap)? ______________ 49,291 52,076 42,968 49,852 59,286 
Stocks, yearend: 
% ———Á— Y 60,000 100,000 62,000 '38,500 37,300 
Consumer 
f he Se eee Se 15,231 22,508 18,853 20,448 20,934 
Secondary? -----------------------—- 9,121 11,326 10,004 10,304 P7,619 
Employment: 
MiBé cho e %Ü0Üz y a LE: 160 160 160 160 130 
Smelté? T———— eie ne ee 230 230 230 230 170 
PCC ĩ ³˙¹¹wꝛäꝛ ⁰ͤ A NA NA 420 420 420 
Price (cathode):! 
Producer (North American), per pound ___________ $3.41 $3.43 $3.20 XX XX 
New York dealer, per pound- dd $2.85 $2.65 $2.24 $2.20 $2.22 
World: Mine production "858,850 804,715 674,590 723,473  *819,890 


*Estimated. Preliminary. Revised. NA Not available. 


data. XX Not applicable. 
Weighted average calculated by Metals Week. 


W Withheld to avoid disclosing company proprietary 
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The strong U.S. dollar in relation to other 
major currencies dominated the world price 
for nickel. Although most producers incur 
the expenses in mining and processing nick- 
el in local currencies, nickel is generally 
traded in U.S. dollars. A shrinking dollar 
equivalency throughout the year equalized 
any nominal gain in nickel prices that 
might have otherwise been realized by pro- 
ducers in the local currency. 
Nickel production and consumption in 

the United States are integrally linked to 
world market conditions owing to the heavy 
import reliance. Consumption of primary 
nickel followed the worldwide upward trend 
as demand for nickel in alloy steel, nickel 
and nickel alloys, and electroplating prod- 
ucts increased. Enthusiasm over the re- 
bound dampened near yearend when con- 
sumption dropped off, mirroring drops in 
stainless steel and nickel-based alloy pro- 
duction. 

Hanna Mining Co. brightened the domes- 
tic mining picture by resuming ferronickel 
shipments from its mine at Riddle, OR, (the 
only U.S. nickel mine) in January after 
reopening late in 1983. The sole U.S. nickei 
refinery, operated by AMAX Nickel Refin- 
ing Co. Inc. in Braithwaite, LA, continued 
production at about the 1983 level. Prices 
paid for nickel in the New York trading 
market were fairly stable compared with 
the fluctuations experienced in the early 
1980's and reflected a gradual shift toward a 
better balance between worldwide produc- 
tion and demand. 

Domestic Data Sources and Coverage.— 
Domestic primary production data for nick- 
el are obtained by the Bureau of Mines from 
a survey of the single nickel mine-smelter 
and shipments reported by the only operat- 
ing nickel refinery. Domestic consumption 
data for nickel are developed by the Bureau 
of Mines from a voluntary survey of U.S. 
operations. Of the 357 operations to which a 
survey request was sent, 357 responded, 
representing an estimated 86% of the total 
consumption (tables 3 and 4). Total con- 
sumption for the respondents and nonre- 
spondents was estimated using U.S. produc- 
tion plus imports minus exports plus adjust- 
ments for Government and industry stock 
changes. 

Legislation and Government  Pro- 
grams.—The U.S. Department of the Treas- 
ury's Office of Foreign Assets Control turn- 
ed down a request by U.S. specialty steel 
producers to expand the ban on primary 
nickel from the U.S.S.R. to include products 
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fabricated from Soviet nickel, citing poten- 
tial negative trade impacts with strong 
allies such as the Federal Republic of Ger- 
many and Japan. | 
The Treasury-Postal Service Appropria- 
tions bill, which allocated $185 million for 
stockpile purchases in 1985, passed in Octo- 
ber 1984. The strong "buy American" lan- 
guage in the bill created a stir among other 
signatory nations to the General Agree- 
ment on Tariffs and Trade wherein those 
nations, including the United States, agreed 
not to impose non-tariff trade restrictions. 
The General Services Administration 
(GSA), purchasing agent for stockpile mate- 
rial, awarded contracts to two Canadian 
producers to provide 5,000 short tons of 
vacuum-melting-grade nickel to the stock- 
pile for delivery in 1985. This purchase was 
the first for nickel since 1960. Even after 
the purchased nickel is delivered to the 
stockpile, it will remain well below the goal 
of 200,000 tons. Yearend 1984 inventory was 
32,209 tons. During the year, the GSA 
categorized nickel in the stockpile and 
attempted to establish realistic standards 
for various grades. Material for which an 
exact composition was unknown was lump- 
ed into a classification that includes ferro- 
nickel and nickel oxide and would not be 
suitable for many defense-related purposes. 
Even with the imminent receipts of nickel, 
a relatively small portion of the inventory 
will be of the strategically important, high- 
purity grade. | 
Treasury's Bureau of the Mint awarded 
contracts for an April 26 tender for 3 
million pounds of nickel cathodes and bri- 
quets. Contracts were awarded under a 
September 5 tender for an additional 1.9 
million pounds of nickel. A third tender, 
dated November 27, resulted in contracts 
for 1.71 million pounds of nickel. All awards 
went to trading companies with U.S. offices. 
Several governmental actions were di- 
rected at deep-seabed mining for nodules 
containing nickel, cobalt, copper, and man- 
ganese and for metallic sulfides deposited in 
crusts at hydrothermal vents that occur in 
the seafloor along the ridges that form 
where underlying magma is actively up- 
welling. Industry expressed very little inter- 
est in a proposed U.S. Department of the 
Interior plan to lease one of these crust 
deposits contained in a portion of the sea- 
floor called Gorda Ridge off the coast of 
Oregon and California. The weak metals 
market and sophisticated technology that 
would have to be developed to exploit the 
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crust deposits were cited as reasons for the 
low interest. In June, however, Interior's 
Minerals Management Service awarded 
$1.8 million to Hawaii to prepare an envi- 
ronmental impact statement (EIS) on the 
effects of mining a crust zone within the 
200-nautical-mile exclusive economic zone 
surrounding the islands. On August 3, the 
United States joined seven market economy 
countries in signing a Seabed Mining Agree- 
ment that established the framework of 
seabed mining claims for those countries. 
The United Nations-sponsored Law of the 
Sea Preparatory Commission, led by cen- 
trally planned economy countries and de- 
veloping nations, protested the agreement. 
The United States had previously refused to 
Sign the treaty that established sea mining 
regulations developed under the Law of the 
Sea. The Federal Register carried National 
Oceanic and Atmospheric Administration 
announcements that exploration licenses 
have been issued to four firms pursuant to 
the Deep Seabed Hard Mineral Resources 
Act.? Also in accordance with the act, the 
Environmental Protection Agency (EPA) 
issued the final general discharge permit 
under the National Pollutant Discharge 
Elimination System for ships exploring 
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or mining the deepsea beds under auspices 
of the Federal Water Pollution Control Act.* 

Attempts to reauthorize Superfund 
prompted a flurry of legislative action, but 
no legislation was passed. Superfund is the 
source of funds, administered by EPA, for 
rehabilitating hazardous waste disposal 
sites. Created under the Comprehensive 
Environmental Response, Compensation, 
and Liability Act of 1980, Superfund is 
financed by an excise tax collected by the 
Internal Revenue Service and levied 
against producers of certain chemical prod- 
ucts listed in the act.* Nickel metal is one of 
those chemicals and hence is taxable at that 
point where it is first processed to, and sold 
in, the metal form. Since the act expires in 
1985, considerable effort was devoted in 
1984 to extending it. 

A preparatory meeting for the formation 
of an International Nickel Discussion 
Group was held in October in Geneva, 
Switzerland. Delegations from 33 countries, 
including the United States, attended. No 
decision was reached on the formation of 
such a group, but it was decided to hold 
another meeting in early 1985 to continue 
the debate. 


DOMESTIC PRODUCTION 


Hanna resumed production of ferronickel 
in January after reopening the Nation’s 
only nickel mine and smelter near Riddle, 
OR, late in 1983. A reduced power rate from 
the Bonneville Power Administration and 
labor contract concessions were instrumen- 
tal in the reopening. To further improve 
unit costs, the company began processing 
the last of its high-grade ore in August. 
This raised the average ore grade for the 
year to 1.0%, up from recent yearly average 
grades of 0.87% to 0.89%. Hanna applied to 
Bonneville for extending to July 1, 1990, the 
0.7 cent per kilowatt-hour power rate that 
it had secured for 20 months to reopen. 
Contingent upon the extension, Hanna 
announced plans to install a cost-cutting, 
wet-screening system at the mine. By 
screening the ore at the mine to remove the 
barren coarse-sized fraction, the ore would 
be concentrated by a factor of two. Mine-to- 
plant transportation costs would be halved, 
and the cost of roasting the coarse material 
would be eliminated. The company also 
considered integrating a slurry ore trans- 
portation system with the wet-screen unit 
to replace the current tramway haulage. 


The Nation’s only nickel refinery, AMAX 
Nickel’s Port Nickel refinery in Braith- 
waite, LA, closed for 5 weeks during the 
summer. Production for the year remained 
roughly 85% of the refinery’s capacity. The 
refinery imported about 60% of its nickel 
feed as matte from Bamangwato Conces- 
sions Ltd. (BCL), Botswana; AMAX Nickel 
owns a 29.8% share in Botswana RST Ltd. 
(BRST), the parent company of BCL. The 
other 40% of its feed originated from the 
Agnew Mine in Australia via Western Min- 
ing Corp.’s (WMC) Kalgoorlie smelter. Near 
yearend, Falconbridge Ltd., Canada, opened 
negotiations with BCL to secure the majori- 
ty of BCL matte for its refinery in Kristian- 
sand, Norway.’ If Falconbridge is successful, 
AMAX Nickel would face a serious problem 
in supplying nickel matte to Port Nickel. 

California Nickel Corp., the U.S. explora- 
tion and mining subsidiary of Ni-Cal Devel- 
opments Ltd., was prevented by the U.S. 
Forest Service from implementing a 1984 
Operating Plan to extract a bulk metallur- 
gical sample from three pits totaling 1.5 
acres on the Gasquet Mountain nickel later- 
ite deposit, pending completion of a detailed 
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EIS by the Forest Service. Although Del 
Notre County and the Forest Service re- 
portedly approved the 1984 Operating Plan 
in September, the Forest Service approval 
was still pending an administrative review 
requested by environmental groups. Mean- 
while, Ni-Cal Developments applied to the 
Del Notre County Planning Commission for 
approval to build a research facility and an 
85-ton-per-day demonstration plant in the 
town of Smith River, CA. The facility is 
intended for testing an acid leaching proc- 
ess developed with Raymond Kaiser Engi- 
neers for the Gasquet Mountain deposit. A 
subsidiary, Ni-Cal Technology Ltd., was 
formed to operate the facility and market 
the technology worldwide. An agreement 
also was signed to test the technology at a 
nickel refinery operated by Nonoc Mining 
and Industrial Corp. in the Philippines 
(formerly Marinduque Mining and Industri- 
al Corp.). When it passed the California 
Wilderness Act of 1984, the 98th Congress 
removed an additional hurdle blocking min- 
ing on Gasquet Mountain. The act specifi- 
cally directs the Forest Service to manage 
the North Fork Smith roadless area in the 
Six Rivers National Forest for multiple use 
rather than setting it aside as a wilderness 
area. The Gasquet Mountain deposits in- 
cluded in this area cover 8,000 acres and 
contain a demonstrated resource of 14.8 
million tons averaging 0.75% nickel.’ 
Interest mounted in developing the near- 
by Pine Flat deposit in northern California. 
Interstrat Resources Inc. announced that 
new exploration surveys indicated a 25- 
million-ton deposit grading 0.78% nickel as 
well as 24% magnesium, 0.6% cobalt, and 
1.1% chromium. The deposit is contained in 
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contiguous claims held by Interstrat and by 
Coastal Mining Co., a subsidiary of Hanna. 
An agreement with Coastal reportedly pro- 
vides Interstrat with a 50% interest in the 
Coastal claims if production occurs on the 
joint properties. À preliminary engineering 
evaluation prepared by Davy McKee Corp. 
indicated that a 4,000-ton-per-day process- 
ing complex could produce 12,000 tons per 
year of nickel plus chromite, cobalt, and 
magnesium for a minimum 10-year mine 
life. The sulfuric acid leaching system de- 
signed for recovering nickel and cobalt also 
features recovery of magnesium in a propri- 
etary process developed by Mineral Process 
Licensing Co. and licensed to Davy McKee. 

Red Flats Nickel Corp. and Big Basin 
Nickel Corp. announced findings of 24 mil- 
lion tons of nickel-cobalt laterite on their 
joint claims in the Red Flat District of 
southern Oregon. 

Contrary to the minor domestic produc- 
tion of primary nickel, the production of 
domestic secondary nickel in the form of 
scrap recovery is a major source of nickel 
for many consumers. Since the Bureau of 
Mines documents only the recovery of nick- 
el in scrap that is consumed, recovery and 
consumption figures are essentially the 
same. Recovery of nickel in scrap increased, 
perhaps reflecting additional availability of 
stainless steel scrap, the major scrap form, 
owing to heavier stainless steel imports in 
1983. The nickel recovered from scrap stain- 
less steel is calculated from the gross weight 
of the scrap and an estimated nickel content 
of 6.9%, which is the weighted average 
content of all stainless steels produced since 
1962.* 


Table 2.—Nickel recovered from purchased scrap in the United States, by kind of scrap 
and form of recovery* 


(Short tons of contained nickel) 


KIND OF SCRAP 


Copper-base 
Ferrous-base 
Nickel-base 


Aluminum-base alloys 
Chemical compounds 
Copper-base alloys 
Mus alloys 


*Estimated. 
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1983 1984 

NUDO 8 2,651 2,449 
DOMO Rr 8 3,658 3.493 
% 8 30,076 39,858 
j 8 13,467 13,486 
DERI at hea ec 49,852 59,286 
NOR ee ce Es a 8 2,954 2,542 
Se thet le eal 8 390 390 
%%% 86 7,412 7,948 
6!!! EIC 30,557 40,951 
JJͥͤ E. E 21 
AERE REUNIR MARE 8,539 7,434 
JJ ͥ ³ ³ PME CERE RERER 49,852 59,286 
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CONSUMPTION 


Domestic nickel consumption continued 
to rebound from the low consumption re- 
corded in 1982, especially in nickel alloys, 
electroplating, and miscellaneous uses. Re- 
flecting the 6.8% growth in gross national 
product (the largest since 1951) and a simi- 
lar boom in industrial production (up 10.7% 
over that of 1983), the demand for nickel 
swelled along with consumer expenditures 
on durable goods and private capital invest- 
ments. The return of healthy U.S. automo- 
tive sales triggered the boost in nickel 
consumed in electroplating. 

Although the U.S. economic recovery was 
more pronounced than the world recovery, 
domestic nickel consumption gains did not 
match estimated gains in market economy 
countries as a whole. Domestic production 
of products containing nickel has been erod- 
ed by a rising undercurrent of foreign pro- 
duction of such products (notably stainless 
steel) at prices that compare favorably with 
those of U.S. products on the world market. 
The trend toward smaller cars containing 


FORM 


Other forms (39€) 
Nickel saits (2%) 
Nickel oxide (59€) 


9 9 „%% 9 e* 
OCIO 


Pure unwrought 
(77%) 


136,861 short tons 


less nickel electroplating also restrained the 
consumption rebound from reaching levels 
that might otherwise have been expected 
considering the boom in automotive sales. 

Toward yearend, nickel consumption lev- 
eled off, reflecting an overall slowdown in 
the U.S. economic recovery. During that 
time, the most sobering decline was the 
drop of stainless steel production from its 
high-water mark during the first two quar- 
ters. 

Commercially pure unwrought nickel 
(Class I) in the form of electrolytic cathodes, 
pellets, or briquets was again the dominant 
form of primary nickel consumed. These 
forms comprise most of the nickel consumed 
in all products except in stainless and heat- 
resistant steels where they were a major 
but not dominant nickel source. The Class II 
materials—ferronickel, nickel oxide, oxide 
sinter, and utility-grade nickel—were pri- 
marily used in producing stainless and 
heat-resistant steels. 


USE 


Stainiess and 
heat-resiating steel 


136,861 short tons 


Figure 1.—U.S. nickel consumption in 1984, by form and use. 


Consumption of nickel in scrap was a 
major form of consumption in stainless steel 
production. Since stainless steel scrap was 
generally cheaper than the sum of its pri- 
mary components’ costs (chromium, iron, 
and nickel), steelmakers charged furnaces 
with as much scrap as was available. Car- 
bon steel was then added to provide the 


desired iron units, and primary nickel was 
added until the desired nickel content was 
achieved. The nickel consumed as outside 
scrap (old and new scrap received by the 
consumer from outside sources, generally 
through purchases) contributed an esti- 
mated 4096 of the total nickel consumed in 
producing stainless steel, up slightly from 
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that of 19883. Consumption statistics include. 


only this outside scrap to avoid double 
counting. 

Although the nickel consumed as ferrous 
scrap to make stainless steel rose above the 
previous years' levels, the use of scrap 
nickel in producing nonferrous alloys re- 
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nickel in nonferrous alloys and one-third of 
that in cast iron originated as outside scrap. 
For chemicals, none of the nickel was sec- 
ondary. For steel alloys, excluding stainless 
and heat-resistant steels, less than 10% of 
the nickel consumed was consumed in the 
form of outside scrap. 


mained constant. About one-fourth of the 


Table 3.—U.S. consumption of nickel,’ by form 


(Short tons of contained nickel) 
Form 1980 1981 1982 1988 1984 
Pri : 
B J; ³⅛8Ai 88 29,919 26,290 15,426 15,595 18,419 
Specs a acs SERO x 111,609 101,847 79,032 96,981 104,958 
Oxide powder and oxide sint(eenrrnrnn 8,492 9,412 4,196 9,670 7,087 
JJ ³ A ĩ DES 3,330 4,197 3,874 4,402 2,962 
zd JJ ³ Ku PCIE MP EOS 2,949 3,105 1,453 1,197 3,435 
Total primar 156,299 144,851 103,981 121,845 186,861 
Secondary (crap 43,783 43,768 35,690 42,034 P49,649 
Grete eS eee 200,082 188,619 139,671 169,879 186,510 
Preliminary. 
1Reported. 


po 
Metallic nickel salts consumed by plating industry are estimated. 
3Based on gross weight of purchased scrap consumed and estimated average N content. 


Table 4. U. S. consumption of nickel in 1984, by use 
(Short tons of contained nickel) 


e Other Second- 
Use cially Ferro- Nickel Nickel pri- Total e Grand 
Pure nickel oxide salts mary primary (scrap) total 
nickel forms 
Cast irons — - - - - ----------—- 782 126 108 3 448 1.467 809 2, 276 
Chemicals and chemical uses 1,645 ET 195 172 220 2,232 390 2,622 
Electroplating (sales to platers)! .. _ 22,197 1 2 2,559 61 24,820 — 9244820 
Nickel-copper and copper-nickel 
e EE 6,354 e 7 mm 295 6,656 7.948 14,604 
Other nickel and nickel alloys 28,062 855 298 86 101 29,402 9,279 38,681 
ee magnet alloys s 217 mum mies = EET 217 160 377 
teel: 
Stainless and heat- resistant 24,049 16,183 5,561 2 33 45,828 529,389 75,217 
Alloys (excludes stainless) _ _ 1,196 1,189 742 ee 2,125 11,852 P956 12,808 
Superalloys. - - - ---------—-- 12,636 64 24 92 103 12,919 245 13,164 
GG AAA SL 1.220 1 150 48 49 1.468 473 1,941 
Total 5 by companies 
353 ˙Ü.5 ae 104,958 18,419 7,087 2,962 3,435 136,861 49,649 186, 510 
Total all companies, calculated XX XX XX XX XX 3159,632 59,286 218, 918 
Estimated. Prelimiary. XX Not applicable. 
Based on monthly estimates. 


Includes batteries, ceramics, and other alloys containing nickel. 
3U.S. production plus imports minus exports minus stock increases. 
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Table 5.—Nickel in consumer stocks in the United States, by form 


(Short tons of contained nickel) 
Form 1980 1981 1982 1983 1984 

Primary: 
Ferronickellllll 2,046 2,257 1.122 893 692 
46C0u“ 8 10,825 18,355 16,743 17,359 17,479 
Oxide and oxide sinter _______________ 1,503 1,039 488 1,677 2,259 
!.; 8 547 508 226 268 229 
/§¹˙i r ⁰⁰ ²m ee a 310 349 274 251 215 
Total primar 15,231 22.508 18,853 20,448 20,934 
Secondary (scrap // 9,121 11,326 10,004 10,304 P7,619 
Grand total 24,352 33,834 28,857 30,752 28,553 


PPreliminary. 


STOCKS 


The combined stocks of primary nickel 
maintained in the United States by U.S. 
producers, foreign producers with U.S. sales 
offices, and metal trading companies with 
US. sales offices decreased slightly during 
the year. Although the trading company 
stocks represent only a small fraction of the 
total, the sharp drop in their stocks pulled 
the total stock figure down. Several trading 
companies stopped or drastically curtailed 
nickel trading, citing a lethargic market 
and low profitability as reasons. The pri- 
mary stocks held by producers and traders 
at yearend represented approximately 3 


year to end at about 8,100 tons, primarily 
owing to a shortfall in Soviet shipments and 
heavy yearend buying. 

Despite a midyear dip, the consumer 
stocks of primary nickel finished the year at 
about the same level as at yearend 1983. 
Although during 1984 consumer stocks 
averaged slightly more than 1 month’s con- 
sumption, the yearend level approached 2 
months’ consumption. 

Stocks of nickel in ferrous scrap held by 
iron and steel producers dropped. Stocks of 
nickel in the National Defense Stockpile 
remained at 32,209 tons, considerably less 


months of domestic consumption. Nickel than the 200,000-ton goal. 
stocks on the LME plummeted during the 
PRICES 


The LME price remained the bellwether 
for world nickel prices after supplanting 
Canadian producer prices that dictated 
world prices until the price collapse of 1982. 
The weighted-average LME price for 1984 
crept up to $2.16 per pound for electrolytic 
cathode nickel (Class I) and finished the 
year with a strong $2.28 per pound Decem- 
ber average, pushed by the drastic drop in 
LME stockpiles.* 

In the United States, the New York 
dealer price for electrolytic cathode nickel 
best indicated prices paid by domestic con- 
sumers, and at a weighted-annual average 
of $2.22, it closely paralleled the LME price. 
For ferronickel, the price per pound of 
contained nickel averaged about 1.5% less 
than the cathode price. Nickel oxide-oxide 
sinter cost 2.5% less than cathode. The 
high-purity plating and vacuum grades of 
nickel used in superalloys and other high- 


nickel specialty alloys averaged about 1% 
more than that of the standard cathodes. 
Although the essentially meaningless pro- 
ducer list prices remained in the vicinity of 
$3.20 per pound, major producers generally 
discounted nickel prices to levels that yield- 
ed 10 to 15 cents per pound more than the 
LME prices. 

The stagnant nickel prices directly re- 
flected the impact of the strong U.S. dollar 
on all commodities traded in the dollar. 
Normally, a price rise would be expected for 
any commodity subjected to increasing con- 
sumption and shrinking free-market stock- 


piles as experienced by nickel in 1984. Any 


price gains that were realized by the pro- 
ducers relative to local currencies were, 
however, negated by the steady strengthen- 
ing of the U.S. dollar throughout the year. 
When compared with 15 other major cur- 
rencies, the value of the dollar at yearend 
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rose 12% above its value against those same 
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exchange on the LME, was particularly 


currencies at the beginning of the year.!“ hard hit in this regard. 
The British pound sterling, the medium of 
FOREIGN TRADE 


Since the United States had a net import 
reliance of 69% for its nickel supplies, 
nickel imports dominated trade statistics. 
Nickel originating from Canada comprised 
the major import tonnage, especially con- 
sidering that most of the nickel imported 
from Norway was mined and smelted in 
Canada before being shipped to Kristian- 
sand, Norway, for refining. Imports from 
Australia and Botswana remained impor- 
tant because of the nickel matte purchased 
from sources in those countries to supply 
AMAX Nickel's Port Nickel refinery in 
Louisiana. 


The embargo on importation of unfabri- 
cated nickel originating from the U.S.S.R., 
imposed by the U.S. Department of the 
Treasury in December 1983 because of Sovi- 
et refusal to certify that its shipments 
contained no Cuban nickel, dried up the 
flow of imports of primary nickel from the 
U.S.S.R. It also apparently contributed to 
lower shipments of Soviet nickel into Euro- 
pean markets. Certification procedures 
were established with other countries to 
ensure that no Cuban nickel was imported 
into the United States. 


176,715 short tons 


Figure 2.—Major sources of U.S. 


The return of the Hanna Mine at Riddle, 
OR, to production of ferronickel enabled 
primary nickel exports to rise compared 
with the artificially depressed 1983 exports. 
Hanna exported some of its ferronickel to 
Japan. AMAX Nickel’s refinery continued 
to sell refined nickel to foreign customers, 
partially dictated by terms of loan obliga- 


primary nickel imports in 1984. 


tions that financed the source mine in 
Botswana. Although nickel exports may 
seem unusual given the Nation’s overall 
heavy reliance on imports for its nickel 
supplies, individual sales were dictated by a 
variety of market and technical factors that 
resulted in sales to foreign consumers. 
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Table 6.—U.S. exports of nickel and nickel alloy products, by class 


1982 1983 1984 
Class Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Primary 
Cathodes, pellets, briquets 
(unwrought ) 33,772 $178,337 22,165 $99,097 25,997 $118,453 
Powder and flakes 3,457 22,441 1,017 6,973 1,790 12,062 
Electroplating anodes _______ 127 1,231 177 1,235 140 965 
e! 37,356 202,009 23,359 107,305 27,927 131,480 
Wrought: 
Bars, rods, angles, shapes, 
sections 2,589 28,018 1,582 18,741 3,342 34,808 
Plates, sheets, strip 2,218 29,460 1,430 18,351 1,968 21,316 
Wire o oec K 481 6,011 1,039 8,831 1,119 11,166 
Tubes pipes, blanks, fittings, hol- ö 
FCC 488 9,807 348 7,447 428 7,929 
N catalysts ______ 2,874 19,654 3,165 13,940 2,718 15,156 
Nickel waste and scrap |... 11,023 20,136 12,990 17,106 13,143 23,066 
Grand total (gross weight) 57,029 315,095 43,913 191,727 50,645 245,421 


! Nickel content assumed equal to gross weight. 


Table 7.—U.S. imports for consumption of nickel products, by class 


1982 1983 1984 
Class Quantity Value Quantity Value Quantity Value 
(short (thou- (short  (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Primary: 
Smelter products: 
Ferronickerc“in!11nlll1llllllllll. 21,352 $28,215 45,134 $65,264 43,048 $68,429 
Matte and/or salts (includes slurry) _ _ _ 58,568 105,633 62,454 83,613 82,509 116,956 
Refined nickel: 
Cathodes, pellets, briquets | 
(unwrought)________________ 82,297 446,850 90,839 418,943 103,017 461,371 
Ü] ] · A 179 1.020 96 427 759 3,306 
Oxide and oxide sinter . -------- 3,144 13,461 4,209 19,083 5,526 22,413 
FP... mme 11,953 71,825 12,629 65,320 15,070 75,430 
Total primary (quantities are gross) 177,493 667,004 215,361 652,650 249,929 141,905 
Wrought products: 
Bars, plates, sheets, anodes ______ __ 1,384 11,217 1,235 11,531 2,000 18,036 
Pipes, tubes, fittings ~- sss 1,366 19,688 575 94,114 1,171 11,034 
Rods and wirttre 2,362 19,217 2,241 17,935 5,419 28,544 
Shapes, sections, angles 8 226 54 313 60 506 
Nickel waste and scrap _______________ 4,300 13,349 6,071 17,691 6,199 20,542 
Grand totalallll 186,913 730,701 225,537 754,894 264,778 826,567 
Nickel content, primary? |... _ 129,787 XX 152,333 XX 176,715 XX 
XX Not applicable. 


1Based on estimated nickel content and gross weight of primary nickel products. 
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Table 8.—U.S. imports for consumption of nickel products, by country 
(Short tons of contained nickel) 


Cathodes, pel- 


Powder and Oxide and oxide : Matte and salts® 
Country 3 akes sinter Ferronickel (includes slurry) 
1983 1984 1983 1984 1983 1984 1983 1984 1983 1984 
Australia 11,096 7,680 2,023 3,545 1,302 PN T _. 10,684 13,487 
Botswana 121 75 oie HN ae te 2 16,354 21,324 
Canada .. 42,435 55,689 7,753 10, 644 1.922 4,255 2 wie 1,060 1,961 
Dominican Republic .... _ ee s M DIM Em -. 8014 8291 AL SY 
Finland... RM 3,367 4,072 AUR T m" ze - fest 158 122 
rance ____________ 563 2,035 m 1 E M a ape 25 89 
Germany, Federal Republic 
OR STEE R RAD RR 2,972 536 82 166 s PANT qe 5 241 251 
Japan 143 29 -— ue EN c 899 877 55 Dd 
Netherlands 176 567 182 M M i^. 322 EN 50 9 
New Caledonia LUN MN TS A s TM 2,564 3,045 eias " 
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As the world's largest producer over the 
past few years, the U.S.S.R. wields consider- 
able influence over nickel markets. During 
1983, this influence was spotlighted by alle- 
gations that Soviet nickel was being dump- 
ed on European markets at below cost, and 
some observers felt that the alleged dump- 
ing was a prime reason for the continued 
depressed nickel prices. Although a formal 
appeal to the European Economic Commu- 
nity Commission to impose a duty on Soviet 
nickel was eventually denied, further peti- 
tions for duties on Soviet nickel were 
threatened if the market deteriorated fur- 
ther. In 1984, however, Soviet nickel ship- 
ments dwindled considerably, drastically 
reducing nickel stocks in LME warehouses. 
The low LME stocks of nickel were at least 
partially responsible for the slight upward 
movement in nickel prices at yearend. 
Shrinking Soviet shipments and the upward 
price movement removed the threat of addi- 
tional dumping charges being brought 
against the U.S.S.R. 

Producers, worldwide, gradually expand- 
ed operations to about 75% of effective 
capacity. Major difficulties, technical and 
financial, kept Nonoc Mining in the Philip- 
pines from achieving the production levels 
it had hoped for and prevented Cuba's 
Punta Gorda refinery from reaching pro- 


duction targets. The civil strife in New 
Caledonia plus several strikes in Canadian 
and Australian nickel operations hampered 
nickel production. Canada regained a tie for 
the production lead with the U.S.S.R., and 
Australia remained the third largest nickel 
producing country. Indonesia stayed ahead 
of New Caledonia as fourth largest. Since 
about 40% of the world's nickel production 
was produced by companies that were par- 
tially or totally Government controlled, pri- 
vate mining companies were compelled to 
emphasize cost-cutting efforts to remain 
competitive. 

Australia.—Ground control problems at 
the Agnew Mine, jointly owned by Seltrust 
Holdings Ltd., a subsidiary of British Petro- 
leum Ltd. and Mount Isa Mines Holdings 
Ltd., reportedly restricted the amount of 
nickel sold to AMAX Nickel's Port Nickel 
refinery. A feasibility study conducted on a 
new deposit adjacent to the mine, contain- 
ing 37 million short tons of material aver- 
aging 1.9% nickel, indicated that it could be 
mined at a rate of 22,000 short tons of nickel 
per year. Although mine development work 
and mill expansion were accordingly initi- 
ated, British Petroleum drastically curtail- 
ed expenditures to the mine in October, cit- 
ing continuing heavy financial losses. This 
halted the new development and expansion 
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efforts besides cutting the current work 
force by 110 contract miners and 60 staff 
members. The highly fractured nature of 
the rock spawned consideration of caving 
mining techniques at Agnew to replace the 
current stoping system. WMC's Kalgoorlie 
smelter continued to smelt the concentrate 
from the Agnew Mine into matte before it 
was shipped to AMAX Nickel's Port Nickel 
refinery in Louisiana. 

Although production dropped at the 
Greenvale laterite mine, owned by Metals 
Exploration Ltd. and Freeport Queensland 
Ltd., the Yabulu refinery stepped up from 
50% of capacity to 70%, buoyed by higher 
ore grades and improved operational effi- 
ciency. Àn intermittent strike staged by 
workers in September during labor negotia- 
tions apparently did not adversely affect 
shipments of nickel from the refinery. Con- 
version to coal from fuel oil resulted in 
significant cost savings. Most of Greenvale's 
nickel was refined to nickel oxide sinter 
(containing 90% nickel) and sold to Japa- 
nese steelmakers. Some nickel-cobalt con- 
centrate was sold to Nippon Mining Co. Ltd. 
in Japan for production of nickel and cobalt 
metal. Greenvale also maintained a U.S. 
sales office for a portion of its oxide sinter 
production. 

WMC essentially maintained nickel pro- 
duction at previous year's levels. Although 
a record amount of ore was produced, con- 
tained nickel in ore mined at Kambalda, 
WMC' largest mine, fell slightly as the 
average grade declined. A new rod mill was 
commissioned at the mine in September, 
increasing ore throughput rate by 444,000 
tons of ore per year. At Mount Windarra, a 
sublevel caving system replaced the previ- 
ous long-hole stoping method, providing 
potentially reduced mining costs. WMC's 
Kalgoorlie smelter, which processed concen- 
trates from other companies as well as from 
its own mines, enjoyed record high produc- 
tion. Nickel produced in briquets at its 
Kwinana refinery fell very slightly. The 
United States is the biggest market for 
WMC's nickel, with European markets com- 
prising the remainder." 

Botswana.—AMAX Nickel, 29.8% owner 
of BRST, continued to purchase the entire 
production of matte from BCL, a subsidiary 
of BRST, for its Port Nickel refinery. BCL 
produced about 40,000 tons of matte per 
year from the Selebi and Phikwe Mines. 
Late in the year, Falconbridge began nego- 
tiating with BCL for nickel matte to feed 
Falconbridge’s refinery in Kristiansand, 
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Norway. Although the terms being negoti- 
ated would be profitable for BCL, which has 
required major emergency loans during 
1982-83, they would require AMAX Nickel 
to withdraw from its contract with BCL. 

Brazil.—The three Brazilian nickel pro- 
ducers enjoyed healthy production in- 
creases in ferronickel and electrolytic cath- 
ode nickel. The booming Brazilian stainless 
steel production soaked up the increased 
nickel production and actually caused a 
sharp drop in nickel exports. Cia. Niquel 
Tocantins, for instance, exported only 10% 
of the cathode nickel that it refined in Sáo 
Paulo; the remainder went to domestic steel 
producers. Tocantin's nickel was accepted 
by the LME on September 21. The company 
also produced nickel carbonate from its 
laterite deposit. 

Assets of the Empresa de Desenvolvi- 
mento de Recursos Minerais S.A. (CODE- 
MIN) were obtained by a group consisting of 
the Anglo American Corp. of South Africa 
Ltd., 50%; De Beers Consolidated Mines 
Ltd., 25%; and Minerals and Resources 
Corp. Ltd., 25%. CODEMIN operated a 
mine-smelter complex producing ferronick- 
el at Niquelandia, Goiás. Along with export 
cuts by Brazils other ferronickel mine, 
operated by Morro do Níquel S.A., CODE- 
MIN sharply cut nickel exports to satisfy 
heavy demand by Brazilian stainless steel 
producers. The perceived lackluster world 
market for nickel, however, caused the 
shelving of a project to expand the CODE- 
MIN operation to 11,000 short tons from 
8,800 short tons per year of contained nick- 
el. 

BP Mineraco, a subsidiary of British Pe- 
troleum, discovered a nickel sulfide deposit 
in the State of Minas Gerais near Pratopo- 
lis. The deposit contains 5.5 million tons of 
material averaging 2.5% nickel. 

Burundi.—The Government continued ef- 
forts to locate and define possible mineral 
resources for future exploitation. Peat 
received considerable attention for develop- 
ment as an energy resource; the Govern- 
ment, along with the European Develop- 
ment Fund, sponsored peat investigations 
by the Irish Peat Board and Ekono Oy of 
Finland. Development of an inexpensive 
peat fuel is considered critical to the ulti- 
mate development of the huge nickel depos- 
its located in the country. 

Canada.—Canada apparently regained a 
tie with the U.S.S.R. for the lead as the 
world's number one nickel producer. Al- 
though the major producers are still not 
operating at full capacity, they boosted 
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production to meet a gradually strengthen- 
ing demand. 

Inco Ltd. remained the largest nickel 
producer among market economy countries 
despite operating at a fraction of its capaci- 
ty. Rigorous cost-cutting efforts reduced 
unit costs to $2.30 per pound, the same as 
they were in 1980. These efforts featured 
converting more of the underground mining 
from conventional stoping methods to the 
more efficient vertical-crater-retreat meth- 
od, which reduced mining costs from $31 
per ton to $18 per ton and improved produc- 
tivity by 26%. Further savings accrued by 
switching to mining equipment tailored to 
the bulk concept of vertical-crater-retreat 
methods. 

Inco closed its Creighton No. 5 shaft in 
the Sudbury District, Ontario, following a 
rock burst on July 6. Employees were offer- 
ed incentives to accept early retirement, 
effective September 30, to reduce the work 
force as dictated by the mine closure. 

A scheduled 4-week summer shutdown of 
the Sudbury smelter was modified to permit 
continued operations at a reduced rate to 
improve the average daily sulfur dioxide 
(SO:) emissions. Inco continued to study 
smelter modifications to reduce SO, emis- 
sions and developed a smelting process that 
would halve them. The $450 to $500 million 
capital expenditure that would be required 
to implement the process is, however, con- 
sidered prohibitive. The Canadian Ministry 
of Environment has adopted a nationwide 
target of 50% reduction of SO; emissions 
over the period 1980-94 and in 1984 began 
considering financial incentives to help 
companies comply with the reduction. 

The nickel refinery in Port Colborne, 
Ontario, reopened in early February follow- 
ing a 5-week closure for inventory adjust- 
ment. Beginning June 4, an 8-week closure 
was imposed at the refinery, consisting of 4 
weeks for vacation and another 4 weeks to 
balance nickel flow within the Ontario Div. 
Following the summer closure, Inco reor- 
ganized its production of refined nickel to 
better focus on projected markets. At Port 
Colborne, production of electrolytic cathode 
nickel ceased and all nickel was produced as 
utility grade. This resulted in trimming the 
work force by 490, a cut of over 50%. 
Reportedly, 177 workers volunteered for 
early retirement; the rest were laid off. 
Electrolytic nickel production henceforth 
has been totally concentrated at the Thomp- 
son, Manitoba, refinery—primarily in the 
form of "S" and “R” rounds for electroplat- 
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ing. Also under the reorganization, high- 
purity nickel pellet production was boosted 
at the Copper Cliff refinery in Sudbury. 

Inco's Manitoba Div. continued to operate 
the Thompson underground mine and the 
Pipe open pit mine, which together com- 
prise about 28% of Inco's nickel production 
capacity. The company continued dredging 
overburden from the new Thompson open 
pit that is being developed immediately 
above the underground mine. A rock me- 
chanics study completed in October verified 
that the new open pit would not endanger 
workers in the underlying underground 
mine and, conversely, that underground 
blasting would not impair highwall stability 
in the pit. Workers in the Manitoba Div. 
averted a strike on September 15 by voting 
to accept a 3-year contract containing no 
across-the-board wage increases and linking 
cost-of-living adjustments to the price of 
nickel. 

Falconbridge remained the second largest 
nickel producer among market economy 
countries. Responding to several quarters of 
losses, Falconbridge continued its vigorous 
program of austerity, achieving a remark- 
able 30% reduction in the unit cost of 
producing nickel since 1981. During that 
time, the work force was trimmed by over 
50%, including a considerable number of 
management officials. 

As the nickel market showed signs of 
awakening in 1984, Falconbridge was able 
to recall 63 workers in January, 45 in 
February, and 250 temporary workers dur- 
ing the summer. A 2-year labor contract 
was signed in March with office and techni- 
cal staff who had been working without a 
contract since July 1983. Mine and mill 
workers voted to accept a 3-year contract on 
May 4; the pact provided an average wage 
increase of 12.1%. 

On June 20, a tragic rock burst at the 
Falconbridge No. 5 mine shaft killed four 
miners. After evaluating the damage, 
Falconbridge decided to permanently close 
the mine. During its 55-year life, the mine 
produced 35 million tons of ore and was 
currently providing about 10% of Falcon- 
bridge's production. The East Mine, con- 
nected to the Falconbridge No. 5 shaft, 
remained open. To make up the nickel 
shortfall caused by the closure, the Onaping 
Mine was reopened after being closed since 
1982. Production was also boosted at the 
other Falconbridge mines in the Sudbury 
District—Craig, Fraser, Strathcona, and 
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Throughout the year, Falconbridge ag- 
gressively sought new sources of nickel to 
feed its refinery in Kristiansand, Norway. A 
partnership called Falconbridge Trading 
Associates was formed with Alloys and 
Carbides Inc., Stamford, CT, to buy nickel 
scrap and residues. Falconbridge also form- 
ed a London-based trading firm called Ar- 
kay Metals by joining with Metdist Ltd., an 
LME member, and entered negotiations 
with BCL, Botswana, to obtain BCL matte 
for the refinery. 

Sherritt Gordon Mines Ltd. continued to 
operate its refinery in Fort Saskatchewan, 
Alberta, although its nickel mine has been 
closed since 1976. In 1984, nickel output was 
down slightly from that of 1983. On October 
22, an explosion inadvertently sparked by 
welders halted nickel production for 1 week. 
Production resumed at its previous rate, 
which ranged from 50% to 75% of the 
plant's annual capacity of 44 million 
pounds. 

A new company was formed in Sudbury, 
to market innovative mining equipment 
developed in Sudbury District nickel mines. 
The new company, Continuous Mining Sy- 
stems Ltd., a subsidiary of Inco, was fi- 
nanced with Federal and Provincial govern- 
ment loans under the Regional and Indus- 
trial Expansion Program. 

China.—China launched a major pro- 
gram to become more self-reliant for nickel 
than it currently is. Toward this end, devel- 
opment continued at the Jinchuan Non- 
Ferrous Metals Complex, in the Gansu 
Province. The district is currently responsi- 
ble for about 80% of China's nickel produc- 
tion. Development focused on a planned 
smelter with 350,000 tons per year capacity 
of nickel concentrate to be built near the 
city of Jinchung. Finland's Outokumpu Oy 
licensed its flash smelter design to China 
via an agreement signed with China's Na- 
tional Non-Ferrous Metals Import and Ex- 
port Corp. WMC, Australia, reportedly 
agreed to provide technical consultation on 
smelter construction. 

Colombia.—The Cerro Matoso S.A. ferro- 
nickel plant continued to improve its pro- 
duction rate and by yearend was operating 
at 90% of its 22,600-ton-per-year capacity. 
The electric-furnace problems reported dur- 
ing 1983 apparently have been solved. A 
granulating plant was constructed based on 
technology obtained from Uddleholm Li- 
censing AB, Sweden, for converting ferro- 
nickel into a shot form to make the product 
more attractive to steelmakers. Granules 
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were first shipped to customers late in the 
year. Depending upon demand, Cerro Mato- 
so can convert up to 100% of its production 
to granules. 

The ferronickel produced by Cerro Mato- 
so, containing 37.5% nickel, was marketed 
by Billiton Metals in the United States and 
in Japan. Billiton Metals and Ores Interna- 
tional Ltd. holds a 47% interest in the mine, 
while the Government mining company, 
Empresa Colombiana de Niquel Ltda., holds 
45%. Hanna let its share slide from 20% to 
8%. 

Cuba.—Although hampered by technical 
difficulties in starting its Punta Gorda re- 
finery, Cuba continued its aggressive quest 
to become one of the top world nickel 
producers. Cuba and the U.S.S.R. signed an 
agreement in November 1984 that increas- 
ed long-term Soviet investments in nickel 
facilities and guaranteed a market for Cu- 
ban nickel. Undaunted by the continuing 
U.S. embargo on imports of Cuban or Soviet 
nickel, Cuba has targeted 50% of the pro- 
duction increases for market economy coun- 
tries. 

As the first major step in boosting produc- 
tion capacity, the Punta Gorda refinery was 
opened in November, representing consider- 
able slippage from its original timetable. In 
December, reports indicated that only the 
first line of the refinery had opened and 
that it would produce 6,600 to 8,800 tons in 
1985 rather than an anticipated 11,000 tons. 
Foundations were laid for the Las Camario- 
cas plant in October. 

Dominican Republic.—Falconbridge Do- 
minicana C. por A. continued to operate its 
ferronickel mine and plant near Bonao in 
the La Vega Province throughout the year. 
Production was up to about 80% of the 
30,000-ton-per-year capacity. Much of the 
production was shipped to the United 
States, making the Dominican Republic the 
fifth leading source of nickel imports into 
the United States. 

Finland.—Outokumpu Oy, the largest 
state-controlled mining and metals group in 
Finland, began developing a new nickel 
mine at Enonkoski in eastern Finland. Re- 
serves at Enonkoski include 4.2 million 
short tons of ore averaging 1.2% nickel and 
0.3% copper. Mining is expected to begin in 
1986 at a rate of 440,000 tons of ore per year. 
Ore will be concentrated by flotation on the 
site at a rate of 6,600 tons per year. The 
concentrates will be shipped to Outokum- 
pu’s smelter and refinery at Harjavalta for 
electrolytic nickel production. The reserves 
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are expected to last about 8 years and the 
mine will employ 110 to 120 people. Plans to 
develop the Sutkimo deposit have been 
shelved. 

The Hitura Mine, which was closed at the 
end of 1982, was reopened in April 1984 
with mine production commencing in late 
June at an anticipated rate of 550,000 tons 
of ore per year. Remaining reserves of 
0.5% nickel are expected to last 2 years. 
The Harjavalta refinery also received 
nickel concentrate from two other Finnish 
mines—Vammala and Kotalahti. The ma- 
jority of its feed material was, however, 
imported. The refinery was shut down for 5 
weeks during the summer for repair and 


maintenance. It operated at 80% to 85% of 


its total capacity of 77,000 short tons of 
nickel per year. 

Sales offices were opened in Detroit, MI, 
in 1983 and in Tokyo, Japan, in September 
1984, as Outokumpu sought to strengthen 
its marketing. Outokumpu continued to 
export its flash smelting technology. For 
example, China signed an agreement to 
obtain smelter designs from Outokumpu. 
Outokumpu continued to provide technical 
advice to the Noril'sk refinery complex in 
the U.S.S.R. 

France.—Although France has no nickel 
mines, Société Métallurgique Le Nickel 
(SLN) operated two refineries at Le Havre. 
The original Le Havre refinery, which open- 
ed in 1890, produced only nickel salts in 
1984. The main refinery, Sandouville, com- 
missioned in 1978, continued to produce a 
high-purity (99.98%) nickel as well as nickel 
salts. Its combined capacity totals 22,000 
tons. SLN’s smelter on New Caledonia, the 
main source of nickel matte for the refin- 
ery, was able to continue matte shipments 
unhampered by civil strife that emerged on 
the island. 

Greece.—The ferronickel producer, Larco 
S.A., continued to operate under 75% own- 
ership by the Government following the 
financial restructuring of 1982. Production 
at the Larymna plant increased slightly to 
about 60% of its 25,000-ton-per-year capaci- 
ty. 
Plans to develop large, low-grade nickel 
laterite deposits at Triada Makytara on the 
island of Euboea were shelved owing to the 
nickel market’s plummet in 1982. 

India.—Inco Tech Inc. apparently drop- 
ped its proposal to develop a nickel matte 
roasting facility for producing nickel oxide 
sinter and a sulfuric acid leaching and 
electric arc furnace plant for producing a 
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utility-grade nickel pig adjacent to the 
Vishakhapatnam smelter operated by Hin- 
dustan Zinc Ltd. Since the facilities would 
be fed by matte from P.T. International 
Nickel Indonesia’s (P.T. Inco) Soroako Mine 
in Indonesia, India’s duty on imported nick- 
el remained an obstacle to this develop- 
ment. 

The blossoming steel industry in India 
required active nickel purchasing by Miner- 
als and Metals Trading Corp. (MMTC), the 
Government-owned purchasing agency. 
Nickel tenders at yearend contained clauses 
listing preference for suppliers willing to 
carry 3 months’ inventories in India and to 
agree to resale by MMTC of purchased 
nickel to third countries. Some observers 
felt that these clauses were inserted so that 
MMTC could establish itself as a dealer. 

Indonesia.—Although Indonesia has a 
tremendous potential for mineral develop- 
ment, nickel was produced from only two 
mines. Indonesian resources generally have 
been developed by foreign companies via a 
Contract of Work that provided for transfer- 
ring at least 51% of the equity to Indonesia 
after 10 years of production and for training 
Indonesians to ultimately take over oper- 
ations. In an attempt to spark more foreign 
investment in its resources, in 1984 the 
Government began to consider adjustments 
in its tax structure and to permit exploita- 
tion under joint venture agreements. 

P.T. Inco experienced problems with one 
of its three furnaces producing nickel matte 
at the Soroako smelter soon after moving to 
full production capacity at the end of 1983. 
Although the furnace was closed for repairs 
from January 1984 through most of March, 
P.T. Inco nevertheless enjoyed a healthy 
production increase, which contributed to 
Indonesia’s increased matte production. 

P.T. Aneka Tambang (ANTAM), the 
Government-owned ferronickel producer at 
Sulawesi, continued selling directly to Japa- 
nese steel companies, Nippon Yakin Kogyo 
Co., Nisshin Steel Co., and Nippon Steel 
Corp. ANTAM also sold some ore directly to 
Japanese smelters. Although ANTAM'S fer- 
ronickel exports to Japan dropped slightly 
from those of 1983, Indonesia continued to 
rank second behind New Caledonia in sup- 
plying nickel to Japan. 

Ivory Coast.—Interest in the Sipilow de- 
posit in the Ivory Coast waned. Obtaining 
an adequate power supply was the big 
impediment; the price of nickel did not 
justify the expense of installing sufficient 
generating capacity for a mine-smelter 
complex. 
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Japan.—Japan was the second largest 
nickel consumer in the market economy 
countries behind the United States. The 
rebound in stainless steel production in 
Japan created a commensurate rebound in 
nickel consumption as well. Nickel process- 
ing facilities responded with sharp in- 
creases in production of ferronickel and 
nickel metals. Since there are no nickel 
mines in Japan, all nickel feedstock for 
smelters and refineries was imported, pri- 
marily from Indonesia, New Caledonia, and 
the Philippines. Most of the nickel arrived 
as ore concentrate and matte; ferronickel 
and refined nickel also were imported to 
augment domestic production. 

Sumitomo Metal Mining Co. Ltd. sus- 
pended metallic nickel and cobalt produc- 
tion from its Niihama refinery in April 
after Nonoc Mining in the Philippines sus- 
pended shipments of nickel sulfide concen- 
trates. During the shutdown, the refinery 
was remodeled to increase its capacity from 
2,100 tons of nickel per month to 2,200 tons. 
The refinery reopened, processing nickel 
concentrates from Indonesia and New Cale- 
donia, but experienced difficulties in obtain- 
ing cobalt concentrates. 

Imports of nickel cathodes from the 
U.S.S.R. increased when the closure of No- 
noc Mining tightened available sources of 
nickel. 

New Caledonia.—After several years of 
declining production, New Caledonia regis- 
tered a modest rebound in nickel produced 
in ore, matte, and ferronickel in 1984. Most 
of the ore was produced at SLN's Meaba 
Mine near Kouaoua and its Camp Des 
Sapins and Le Plateau Mines at Thio. Three 
independent operators on the northern end 
of the island also shipped significant quanti- 
ties of nickel ore to Japan. 

SLN began the year operating two of the 
three electric furnaces at its Doniambo 
smelter near Noumea. A crack in one of the 
operating furnaces necessitated its repair 
from January to March. In April, after 
restarting the repaired furnace, SLN 
announced a decision to fire the third fur- 
nace in September as nickel demand began 
to pick up. 

In November, civil disorder flared on the 
island as Kanak natives demonstrated their 
desire for severing ties with France. A 
separatist roadblock of the mines at Thio 
beginning in November effectively closed 
the mines. Stockpiles of nickel ore at the 
Doniambo smelter as well as continued 
production from the Meaba Mine enabled 
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the smelter to continue ferronickel and 
matte shipments without impairment. 

Norway.—Falconbridge Nikkelverk A/S, 
a subsidiary of Falconbridge Ltd., operated 
its refinery at Kristiansand, primarily with 
feed from Falconbridge’s Canadian smelters 
in Sudbury, Canada. The abundant low-cost 
hydroelectric power at the refinery made it 
more economical to refine nickel in Norway 
despite of the shipping costs from Canada. 
The refinery provided 11% of the U.S. 
nickel imports. Falconbridge began actively 
seeking additional sources of nickel to run 
the refinery at closer to full capacity. A 
company was formed in the United States 
to obtain nickel-bearing scrap and residues 
for the refinery; negotiations were opened 
with several companies—most notably BCL 
in Botswana—to purchase nickel matte. 

The only nickel mined in Norway was a 
byproduct of ilmenite mining at Sokndal on 
the southern coast. Concentrate from this 
mine was processed at Outokumpu Oy’s 
refinery at Harjavalta, Finland. 

Papua New Guinea.—Nord Resources 
Corp., apparently still seeking a partner 
in the development of the Ramu River 
chromite-nickel-cobalt deposit located near 
Madang in Marum, announced that no 
development of the deposit would be under- 
taken before 1986. 

Philippines.—Early in 1984, Marinduque 
was restructured to try to ease the oppres- 
sive debt burden. As part of the restructur- 
ing, the state-owned Development Bank of 
the Philippines and the Philippine National 
Bank increased their combined share of 
Marinduque from 36% to 87%. In April, a 
$9.6 million loan from Philipp Bros.,a metal 
trading firm, was used as operating capital 
for reopening the Marinduque’s Surigao 
nickel mine-refinery complex. The loan re- 
portedly ensured that Philipp would be- 
come the agency for Marinduque nickel. 
Operations resumed in June, although con- 
siderably below the rated capacity. Nickel 
briquets reportedly were delivered to Phi- 
lipp for sale in the United States and 
Europe. On August 31, the two controlling 
banks bought the company at a foreclosure 
auction and formed a new operating compa- 
ny, Nonoc Mining. The banks instituted 
these proceedings to protect their interest 
in the operation from claims by a variety of 
lesser creditors. Several days later, ty- 
phoons extensively damaged two coal un- 
loading cranes and a power transmission 
line at the refinery. Repairs and rehabili- 
tation were completed in November. Oper- 
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ations resumed in November after a $5 
million loan was secured from Marc Rich, 
another trading firm, in exchange for Marc 
Rich's becoming the agent for Nonoc nickel. 
By December, the refinery was operating at 
75% of its capacity of 31,000 tons per year. 
In hopes of finding a process that would 
lower its costs, Nonoc Mining signed a letter 
of intent with Ni-Cal Technology to estab- 
lish a pilot plant demonstration at the 
Surigao refinery of the acid-leach process 
developed by Ni-Cal Developments for the 
laterite deposits in northern California. 

Despite the production difficulties at 
Nonoc Mining, the Philippines was able to 
boost nickel production over that of 1983, by 
dint of efforts at the other two mines in the 
Philippines. Rio Tuba Nickel Mining Corp. 
operated its mine on Palawan Island at 
about one-half of its rated capacity of 1 
million tons of ore per year. Àn expansion 
in facilities was studied with assistance of 
Japanese and Swedish firms. The Japanese 
firms worked on an economical source of 
power while the Swedish firms conducted 
experiments on various metallurgical proc- 
esses. Nickel ore was also produced from a 
mine operated by Hinatuan Mining Corp. 
on Hinatuan Island although its capacity is 
only one-tenth that of the Rio Tuba oper- 
ation. Both mines shipped their ores to 
Japanese ferronickel smelters. 

Saudi Arabia.—Interest in developing the 
Wadi Qatan deposit has essentially vanish- 
ed owing to the excessive costs for develop- 
ing the support infrastructure that would 
be required. 

South Africa, Republic of.—Nickel pro- 
duction in the Republic of South Africa 
exhibited a healthy increase. Nickel was 
mined as a byproduct of underground min- 
ing for platinum in the Merensky Reef near 
Rustenburg, Transvaal. The strong demand 
for platinum enabled the companies to oper- 
ate at near capacity. Rustenburg Platinum 
Mines Ltd. operated three mines in the 
district and produced a copper-nickel matte 
at its smelters. Nickel was produced at a 
refinery with a capacity of 21,000 tons per 
year, in Germiston, Transvaal. Rustenburg 
and Johnson Matthey PLC were joint own- 
ers of the refinery. Impala Platinum Hold- 
ing (Pty. Ltd. operated four mines near 
Rustenburg. A matte containing 50% nickel 
was produced at its plant on the minesite. 
Refined nickel was produced at the compa- 
ny's refinery in Springs, east of Johan- 
nesburg, using an ammonia leaching proc- 
ess. The refinery has a capacity of 8,800 
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tons of nickel per year. Western Platinum 
Ltd. (Wesplat) produced a copper-nickel 
matte from ore from its mine near Marika- 
na at about the same rate as it did during 
1983. The matte was shipped to Falcon- 
bridge's Kristiansand refinery in Norway 
for recovering the precious metals.?? Wes- 
plat announced plans to construct its own 
nickel refinery near Rustenburg to cut costs 
and shorten the processing time. The refin- 
ery is expected to be completed by the end 
of 1985 and to begin production early in 
1986 with capacity of 4 million pounds of 
nickel per year contained in nickel sulfate. 

Taiwan.—The refinery built by Talent 
Metals Corp. opened at yearend somewhat 
later than its March 1984 planned comple- 
tion date. The 700-short-ton-per-year plant 
was established to convert nickel oxide 
provided by Inco Ltd., which has a 30% 
interest in Talent Metals, into a utility- 
grade nickel pig for Taiwan's growing stain- 
less steel and nickel sulfate industries. 

U.S.S.R.—The U.S. S. R. has been the 
world's top nickel- producing country since 
Canadian mines cut their production during 
the nickel market downturn in 1982. In 
1984, a resurging Canadian production cou- 
pled with a modest increase in Soviet pro- 
duction enabled Canada to tie the U.S.S.R. 
for the lead. In 1983, large amounts of 
heavily discounted Soviet nickel sold on the 
LME were a major factor in the low price 
for nickel throughout the year. During 
1984, Soviet nickel shipments dwindled, 
which caused the LME nickel inventories to 
shrink and allowed the price to inch upward 
by yearend. 

The U.S.S.R. produced electrolytic cath- 
ode nickel from its 88,000-ton-per-year No- 
ril’sk refinery in Siberia and its recently 
refurbished 82,000-ton-per-year Severonikel 
Montchegorsk refinery on the Kola Penin- 
sula. Six Noril'sk mines accounted for about 
70% of the Soviet nickel production. In the 
Ural Mountains, high-purity carbonyl nick- 
el was produced at the Khalilovo plant. A 
small amount of ferronickel was also pro- 
duced at the Pobuzhsk smelter in the 
Ukraine.'? 

The embargo imposed on Soviet nickel by 
the United States, owing to the refusal of 
the Soviets to certify that its nickel ship- 
ments contained no Cuban nickel, apparent- 
ly did not drastically curtail the ability of 
the Soviets to market nickel. As long as the 
embargo does not extend to products con- 
taining Soviet nickel, the nickel can be sold 
to other countries that do not have to ac- 
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count for the nickel sources in products that 
may be sold to the U.S. consumers. Japa- 
nese consumers, for instance, hampered by 
failure of Nonoc Mining of the Philippines 
to achieve expected nickel production lev- 
els, purchased more Soviet nickel in 1984 
than they did in 1983. 

United Kingdom.—Inco Europe Ltd. op- 
erated its Clydach refinery in Wales at a 
rate of 50 million pounds per year compared 
with its rated capacity of 120 million 
pounds. Even at that low rate, refinery 
inventories swelled during the year. Strin- 
gent efforts to streamline its work force 
resulted in permanent layoffs by Inco Eu- 
rope of 40% of the employees in its market- 
ing staff effective in March. Inco Europe 
closed its large nickel alloys rolling mill at 
Wednesbury, laying off over 300 workers. 
Early in the year, Inco Ltd. merged Wiggin 
Alloys with its U.S. subsidiary, Huntington 
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Alloys, to form Inco Alloys International. 

International Metals, the recycling divi- 
sion of Billiton (United Kingdom) Ltd., 
closed its nickel alloy segregation and pro- 
cessing facility at West Winch and consoli- 
dated its production with that of the Rain- 
ham plant in Essex. 

Yugoslavia.—After opening in August 
1983, the ferronickel smelter at Glogovac in 
the Kosovo region operated throughout 
1984 on ore from the Glavica and Cikatovo 
Mines. The plant was operated by Rudnik i 
Topionica Feronikl. The Kavadarci smelter, 
with its mine at Rzanovo in Macedonia, 
closed in March after absorbing high losses 
owing to continued depressed nickel prices 
and high unit operating costs. The Kava- 
darci complex was plagued with submargin- 
al ore grades and erratic power supplies 
throughout its relatively brief life. 


Table 9.—Nickel: World mine production, by country! 
(Short tons of nickel content) 


Country 1980 1981 1982 1983P 1984* 

Albania (content of ore 6,100 6,200 6,400 6,400 6,600 
Australia (content of 

concentrate) ______________________ 81,927 81,963 96,510 84,465 82,900 
Botswana (content of 

msttà) 2 = ——— ml Exc Ae 17,022 18,200 19,573 20,079 19,300 
Brazil (contentofore) ))) T2 504 12,573 5,306 11, 840 12,100 
Burma (content of speiss )) 15 22 *22 *22 22 
Canada?__________________________ 203,709 176,642 97,824 134,300 192,000 
China aum 2-2-2-2- 12,000 12,000 T13,200 714,300 15,400 
Colombia (content of 

ferroalloys)....— n oco hs ee te rem rei 1,100 15,000 15,400 
Cuba (content of oxide, sin- 

ter, sulfideiuidʒvꝛʒꝛʒꝛk! 40,338 42,489 39,790 r €41,500 35,050 
Dominican Republic 18,019 20,601 5,838 23,369 326,698 
Finland (content of concen- 

trate) i-em eta 7,199 7,566 6,852 5,418 5,500 
German Democratic 

Republice._______________________ 3,000 3,000 2,800 2,400 2,300 
Greece (recoverable content 

olore) L222- 16,796 17,200 r 65,500 r €18,500 18,400 
Guatemala ________________________ 7,650 km HER . TN 
Indonesia (content of ore) 58,739 53,848 50,578 54,430 68,900 
Morocco (content of nickel 

ore and cobalt ore) __________________ 148 144 140 d o 
New Caledonia (recoverable 

content of ore! JJ pa Serle, Ns. 95,451 86,079 66,250 43,542 45,200 
Norway (content of concen- 

trate)®_ = Le 12.200 17700 73,900 14,000 3,900 
Fil 88 51,934 32,239 22,183 17,522 18,300 
Poland (content of ore) 2, 300 2, 300 2,300 2,300 2,300 
South Africa, Republic of- - :: 28,329 29,100 *24,250 22,600 21,600 
U.S.S.R. (content of ore 170,000 174, 000 182,000 187,000 192,000 
United States (content of 

ore shipped) 14, 653 12,099 3,203 zc 314,540 
Yugoslavia (content of ore 2,200 4,400 74,400 13,300 4, 400 
Zimbabwe (content of con- 

cen trat 2 16,617 14.350 14,671 11,186 11,080 

JJ” —— ——— P T858,850 ™804,715 674,590 723,473 819,890 
“Estimated. Preliminary. ‘Revised. 


1Insofar as possible, this table represents recoverable mine production of nickel; where data relate to some more highly 


processed form, the figure given has been used in lieu of unreported 


actual mine output to provide some indication of the 


magnitude of mine output and is so noted parenthetically following the country name, or by footnote. Table includes data 


available through May 7, 1985. 


?Refined nickel and nickel content of oxides and salts produced, plus recoverable nickel in exported mattes and speiss. 


3Reported figure. 


“Includes a small amount of cobalt not reported or recovered separately. 
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Table 10.—Nickel: World plant production, by country! 
(Short tons of nickel content) 


Country? 1980 1981 1982 1983P 1984* 

Australia sa Lond eec ed en 38,921 46,854 50,630 46,011 *42,615 
Brazil ee ede ⁰Ü˙¹˙w I S 2,160 2,914 5,305 11,840 13,200 
§öÜ¹(u ggg cs ni r vx ts, m ee 167,881 ™120,486 64,635 “96,100 114,600 
Chae Oe ON ME RENE Sati ene RO RA LAE 712,100 712,100 713,200 714,300 15,400 
k 8 = . s 71.450 14,400 18,150 
Cuba ⁰³Ü¹iA lcL soe a ½m»w..pm 88 8,737 9,355 9,910 *10,000 8,800 
Czechoslovakia® ___________________________ 42 240 12,400 12,400 12,400 2,400 
Dominican Republic _---------------------—- 18,019 20,601 5,812 22,300 24,300 
FFT» ⁰⁰=ðt. mm a Ld nes 14,117 14,672 13,906 16,355 15,400 
Franc, cesen anon ⅛ ² 50 x E 10,802 711,079 8,114 5,268 5,500 
German Democratic Republic 2... 3,300 3,100 3,300 73,300 3,300 
Germany, Federal Republic oft)) 41,361 1,320 1,320 1,320 1,100 
ECCS . coo ³˙¹·— ð d y 15.300 14,000 5, 000 14,174 16,500 
Indonesia? ______________________________ 4,873 5,184 5,523 5,352 5,500 
if Ua iL La LE 108,428 95,679 91,886 16,661 81,100 
New Caledoni˖a ae 35,913 30,853 30,871 28,985 38,400 
Norway linen ͥ ³¹1ww. MAE ayes nee Ne ae 940,921 940,890 28,268 31,205 31,000 
PF dE m Ee e E LE 21,978 23,683 12,458 10,460 4,740 
P mue ⁰ʒ ee ek 1,984 1,653 772 331 330 
South Africa, Republic of tk „ 19,950 19,800 15,900 18,740 19,840 
7ͤõõ ͥ ete LM EL 8 189,600 196,200 198,400 204, 000 214,000 
United Kingdounn᷑ ẽ:ëũũt 21,275 21,999 T, 25,514 100 
United State. 44225 48,805 44956 33,400 44.933 
ble JL Sor MMC PS m r€1,700  **1,700 2, 
hh ce et enit e e nd 15,500 13,200 713,200 710,100 10,000 

Total T — —— É—— ™806,185 7162,487 636,522 104,348 756,408 

*Estimated. Preliminary. "Revised. 


1Refined nickel plus nickel content of ferronickel produced from ore and/or concentrates unless otherwise specified. 
Table includes data available through May 7, 1985. 

2In addition to the countries listed, Albania is known to have initiated smelter production in 1978, and North Korea is 
believed to have produced metallic nickel and/or ferronickel, but information is inadequate for formulation of reliable 
estimates of output levels. Several countries produce nickel-containing matte, but output of nickel in such materials have 
been excluded from this table to avoid double counting. Countries producing matte include the following, with output 
indicated in short tons of contained nickel: Australia: 1980—35,825 (revised); 1981—36,223; 1982— 54,444 (estimated); 
1983—55,560 (revised, estimated); and 1984— 56,330 (estimated); Botswana: 1980—17,022; 1981—20,143; 1982— 19,573; 
1983—20,080; and 1984—19,840 (estimated); Indonesia: 1980—22,634 (revised); 1981—21,980 (revised); 1982—15,150 
(revised); 1983—20,469 (revised); and 1984—32,000 (estimated); and New Caledonia: 1980— 17,063; 1981—16,954; 1982— 
7,875 (revised, estimated); 1983—7,800 (estimated); and 1984—7,800 (estimated). 

Refined nickel plus the nickel content of oxide. 

*Reported figure. 

5Nickel content of ferronickel only. (No refined nickel is produced.) 

SIncludes nickel content of refined nickel, nickel oxide, and nickel matte; from 1982, the totals for France are 
production of nickel cathodes only. 

"Content of granular nickel oxide and powder only; Cuba also produces nickel oxide sinter and a processed sulfide, but 
these are not included to avoid double counting, as they may be processed to metal elsewhere. Output of sinter was as 
follows in short tons: 1980—13,069; 1981—13,354; 1982— 12,963; 1983— 11,400 (estimated); and 1984— 9,900 (estimated). 
Output of processed sulfide was as follows, in short tons: 1980—18,532; 1981—19,779; 1982—16,920; 1983— 19,800 
(estimated); and 1984—19,800 (estimated). 

sIncludes nickel content of nickel alloys. 

Pata derived from estimated metal content of reported concentrate. 


Zimbabwe.—The Eiffel Flats refinery of 
Rio Tinto (Zimbabwe) Ltd. (RTZ) remained 
closed, a result of losing matte from BCL in 
Botswana when AMAX Nickel contracted 
for BCL's entire output in 1983. Toward 
yearend 1984, negotiations by Falconbridge 
with BCL for most of BCL's matte sprouted 
feelers from RTZ for the remainder of the 
matte. 

The Bindura Nickel Corp. Ltd. operated 
the only nickel mining and refining com- 
plex in the country. Nickel ore was produc- 
ed from four mines: the Epoch, Madziwa, 
Shangani, and Trojan. Proven reserves at 
the four mines total 4.7 million tons at 


grades ranging from 0.56% to 0.68% nickel. 
If additional reserves are not found, the 
Madziwa and Epoch Mines will be exhaust- 
ed in 9 years while the other two can 
remain open for 15 years. The Trojan Mine, 
largest of the four, produced sulfide ore in 
1984 from underground workings by block- 
caving methods. The ore was crushed at the 
mine and concentrated by flotation. The 
concentrate was smelted to a matte that 
was in turn leached to produce cathode 
nickel in the refinery. Led by rising power 
costs, the unit cost for producing nickel rose 
24% over that of 1983.“ 
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TECHNOLOGY 


Mining and Processing.—A new compa- 
ny was formed in Sudbury, Canada, to 
market innovative mining equipment devel- 
oped in Sudbury District nickel mines. The 
new company, Continuous Mining, was fi- 
nanced as a subsidiary of Inco Ltd., with 
Federal and Provincial government loans 
under the Regional and Industrial Expan- 
sion Program. Initially, three new machines 
were marketed: a continuous loading 
machine for tunneling and drawpoint load- 
ing; an automated down-the-hole blasthole 
drill; and a remote-controlled, battery- 
operated locomotive. The company also ne- 
gotiated for rights to produce a portable jaw 
crusher. Besides providing a means to mar- 
ket new mining ideas, the new company 
will help offset recent cutbacks in employ- 
ment at nickel mines in the Sudbury 
District. Canadians have been leaders in 
developing long-hole open-stoping tech- 
niques, vertical-crater-retreat mining sys- 
tems, and underhand-cut-and-fill methods 
now being adapted by companies operating 
in deep hard-rock mines. 

Much of the impetus in developing new 
nickel technology was the quest to develop 
techniques that are less energy intensive 
than are current ones. Burgeoning energy 
costs have burdened nickel producers with 
financial difficulties. Alternatives to the 
energy intensive direct calcining-smelting 
and ammonia leaching processes that are 
used for many laterites have been actively 
sought. In the United States, Ni-Cal Devel- 
opments and its subsidiary, Ni-Cal Technol- 
ogy, announced a letter of intent from 
Nonoc Mining to negotiate an agreement 
whereby a pilot-scale acid leaching unit 
would be constructed at the Surigao refin- 
ery in the Philippines. The pilot facility 
would be based upon technology that Ni-Cal 
Developments and Raymond Kaiser Engi- 
neers have developed for the Gasquet 
Mountain nickel laterite deposit in north- 
ern California.'* The process features an 
acid leach to provide intermediate nickel- 
cobalt hydroxide followed by an extraction 
step using ammonia that eventually enables 
a plant to recover metallic nickel and co- 
balt. Magnesium oxide, salable to chemical 
companies, is a significant byproduct of the 
process. Ni-Cal Developments claimed that 
its process offers possible significant cost 
savings in nickel refining by improving 
metal recovery rates, especially for byprod- 
uct cobalt, and reducing the energy con- 
sumption. Ni-Cal Technology, applied to the 
Del Norte County Planning Commission in 


California for approval to construct a re- 
search center and demonstration plant in 
the town of Smith River, CA, to facilitate 
marketing its process. 

Compagnie Francaise d’Entreprises Min- 
iéres, Métallurgiques et d’Investissements, 
the French mining company owned by Bu- 
reau de Recherches Géologiques et Miniéres 
of France, 51%, and AMAX Inc., 49%, 
announced that it too is offering the li- 
censing of its hydrometallurgical technique 
for processing laterite nickel ores." The 
process, involving high-pressure leaching 
with sulfuric acid, has been extensively 
tested during several thousand hours’ oper- 
ation in a 25-ton-per-day pilot plant at 
AMAX Nickel’s facilities in Golden, CO. 
Originally developed for deposits on the 
island of New Caledonia, the process could 
be applied to other laterite deposits such as 
those of California and Oregon. The process 
yields nickel sulfates that would require 
additional refining. It also offers lower 
energy costs and doubled byproduct cobalt 
recovery over current ammonia leaching 
processes.!* 

Nickel Products.—The excitement in new 
nickel product development occurred in the 
production of metal powders and rapid so- 
lidification technology. A 5-year Air Force 
research program led to the development of 
two new superalloys that have extremely 
high resistance to corrosion and oxidation. 
Although their precise formulations were 
not revealed, the cobalt-free alloys (named 
Alloy X and Alloy Y) are basically nickel 
aluminides. Formed by rapid powder solidi- 
fication at very high cooling rates, the 
alloys were tested for application as gas 
turbine components for a new series of 
fighter jet engines.'? 

Cabot Corp., Kokomo, IN, announced de- 
velopment of a new nickel alloy designated 
C-22. The alloy is claimed to offer improved 
high-temperature and acid corrosion resist- 
ance over that of previous nickel alloys 
containing chromium and will be targeted 
for various chemical industry applica- 
tions. Meanwhile, Marko Materials Inc., 
North Billerica, MA, reportedly has entered 
a partnership with two Japanese firms to 
produce and market amorphous powder 
alloys based on cobalt, copper, iron, and 
nickel. Marketed under the trade name 
Markomet, the alloys will be used for pro- 
duction of electronic parts, carbide tools, 
and specialty machine tools. 

The Bureau of Mines introduced a new 
method to quickly and economically dis- 
solve bulk superalloy scrap. Since super- 
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alloys are corrosion resistant, they are diffi- 
cult to recycle because they cannot be 
readily dissolved in acids. The Bureau 
method features melting the superalloy 
scrap along with aluminum or zinc (3092), 
which upon cooling forms a brittle com- 
pound. This compound is easily crushed to a 
small particle size, which readily dissolves 
in acid.?! 

Several Japanese firms have joined the 
shift to producing a 42 nickel-ferroalloy lead 
frame material for integrated circuitry ap- 
plications. The material is replacing a cop- 
per alloy because of its superior hardness, 
competitive cost, and adaptability to high- 
speed assembly procedures.?? 

The National Bureau of Standards 
announced that it received a patent for and 
will license a new process for electroplating 
nickel-chromium alloys onto carbon steel. 
Developed at the request of the American 
Electroplaters’ Society, the new process 
could prompt substantial substitution of 
inexpensive, plated-carbon steel for stain- 
less steel. 

End Uses.—The Maritime Administra- 
tion, the Copper Development Association, 
and the Newport News Shipbuilding & 
Drydock Co. completed the second of three 
phases of a contract to determine the costs 


and benefits of sheathing ships' hulls with. 


sheets of a 90% copper- 10% nickel alloy. 
The study indicated that by preventing 
corrosion and barnacle growth, the protec- 
tive sheeting reduced drydock time and cut 
fuel consumption by 20%. . 

The French automaker Peugeot an- 
nounced the development of a prototype 
electric vehicle. The automobile, model 
205E, was not intended for mass production 
but will be used to evaluate design concepts 
for future models. Based on the Peugeot 
European 205 subcompact, the automobile 
reportedly had a maximum range of 124 
miles and a top speed of 62 miles per hour. 
It was powered by twelve 6-volt nickel-iron 
batteries driving a 17.5-kilowatt electric 
motor. Nickel-iron batteries were chosen 
because they could produce twice the ener- 
gy as lead-acid batteries of the same weight 
and volume. Nickel-iron batteries also last 
longer with an estimated life of 125,000 
miles and 1,500 recharge cycles. 

A nickel alloy, announced in 1983, may 
make inroads into the porcelain china mar- 
ket. Developed by Cabot Corp., Kokomo, IN, 
the 214 alloy is undergoing full-scale tests 
as a replacement for traditional materials 
used to support chinaware in kilns. The 
alloy contains mostly nickel with 16% chro- 
mium, 4.5% aluminum, and 3.5% iron. The 
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alloy is readily workable into convenient 


shapes, can be subjected to numerous heat- 


ing and cooling cycles, forms a nonflaking 
oxide when heated, and results in substan- 
tial energy cost savings during kiln firing.?* 


1Physical scientist, Division of Ferrous Metals. 
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Issuance of Exploration License. V. 49, No. 179, Sept. 13, 
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tion (Dep. Commerce). Deep Seabed Mining; Issuance of 
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*U.S. Congress. Comprehensive Environmental Re- 
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5Rogers, J. Falconbridge Eyes BCL's AMAX Output. 
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Nitrogen 


By Charles L. Davis! 


U.S. production of anhydrous ammonia, 
82.2% nitrogen, was 18% greater than in 
1983, but about the same as in 1982. The 
total value of ammonia produced and sold 
was about $2.7 billion. The value of appar- 
ent consumption was about $3 billion. Pro- 
duction and apparent consumption values 
were based on average annual 1984 f.o.b. 
gulf coast spot prices. A 47% increase in 
total tonnage of exported ammonia was 
attributed to aggressive marketing prac- 
tices by U.S. ammonia exporters. Imports of 
ammonia increased 24%. Efforts to pass 
protective national legislation were not suc- 


cessful. 

Domestic Data Coverage.—Domestic pro- 
duction data for ammonia were developed 
by the Bureau of the Census, U.S. Depart- 
ment of Commerce, and published monthly 
in Current Industrial Reports, Inorganic 
Fertilizer Materials and Related Products, 
M28B. The Department of Commerce sur- 
veyed approximately 130 firms manufac- 
turing inorganic fertilizer chemicals. Pro- 
duction estimates were supplied for reports 
not received in time for tabulation. These 
data are shown in table 1. 


Table 1.—Salient ammonia statistics 


(Thousand short tons of contained nitrogen) 


United States: 
Production! ? 
Exports 
Imports for consumption 
Consumption? ? 

World: Production 


*Estimated. "Revised. 
1Synthetic anhydrous ammonia and coke oven ammonia. 


?Coke oven ammonia not available for 1984. 


PPreliminary. 


1980 1981 1982 1983 1984P 
.. 16244 115,732 113,029 11,297 13,309 
— 681 506 610 298 438 
s 1,921 1,719 1,737 2,169 2,699 
.. 117,754 "16467 114.145 13,719 15.287 
-. 81.169 784,469 83,114 85,414 290,176 


Includes producers stock changes in synthetic anhydrous ammonia and coke oven ammonia. 


DOMESTIC PRODUCTION 


The results of an improving U.S. economy 
extended to the agricultural chemicals in- 
dustry. Production of anhydrous ammonia 
reached a level slightly higher than that of 
1982. Some plants that had been idle came 
back on-line, and several plant retrofit proj- 
ects to improve energy efficiency were ini- 
tiated. Monthly production of ammonia was 


above that of 1983 for the entire year. The 
greatest production was in December and 
amounted to almost 1.5 million short tons. 
U.S. ammonia plants operated at better 
than 98% of capacity, not including inactive 
or permanently closed plants. Ammonia 
was produced by 46 companies at 59 plants 
in 25 States. 
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Table 2.— Fixed nitrogen production in the United States 
(Thousand short tons of contained nitrogen) 


1980 1981 1982 
Anhydrous ammonia, synthetic plant) 16,155 15,655 12,968 
Ammonium compounds, coking plants: 
Ammonia liquor. - - - -------------—---———- 1 2 5 
Ammonium sulfate kek 82 75 56 
Ammonium phosphate s 2) (2) 2) 
% ·mmmààAàAA Adi Ld ee 16,244 115,732 113,029 


preliminary. Revised. NA Not available. 
Current Industrial Reports, Bureau of the Census. 
?Included with ammonium sulfate to avoid disclosing company proprietary data. 


Table 3.—Major nitrogen compounds 
produced in the United States 


(Thousand short tons, gross weight) 


Compound 1982 1983 1984P 
Acrylonitrile 1,018 1,073 1,101 
Ammonium nitrate |... 7,091 6,628 1,009 
Ammonium sulfate! __ 1,768 1,964 2,107 
Ammonium phosphates 10,307 12,814 14,468 
Nitric acid - 7,390 7,367 8,016 
Urea 6,518 5,771 7,138 

preliminary. 


1Excludes ammonium sulfate from coking plants. 


Sources: Bureau of the Census and International Trade 
Commission. 


Table 4.—Domestic producers of anhydrous ammonia in 1984 
(Thousand short tons per year of ammonia) 


Company Location 
Agrico Chemical Oo Donaldsonville, Iv 
/õö·Ä%ͥ ³²1q² ³ĩÄmd v km 86 Verdigris, 9–t1;‚tk᷑d 
)); ͤA ³oAſ 8 Blytheville, AR____$_______________ 
Air Products & Chemicals Inc_ - ----------- New Orleans, LA 
))))Cö§ö;— Mie i a rs CP Pace Junction, FL _________________ 
Allied Chemical Corp - - - --------------- Hopewell, VÀ ------------------—-- 
American Cyanamid C0 Fortier, LA -------------------—- 
Arcadian Cor Geismar, LAL 
DO Loc nouo v E E La Platte, ? 
Atlas Chemical Industries In Joplin, .bobßv-— !Dd i 
Borden Chemical CoOO0oOo ......- Geismar, LA- 22222222 c2 
Carbonaire Co. Inc „ Palmerton, Ai 
Cargill [nez oua ³ðVüA e ERR Columbus, MS___________________.. 
CF Industries Ilie! Donaldsonville, IK 
Chevron Chemical cooo __- Pascagoula, sv 
Do oe ee ũ ͥ . E El Segundo, aii. 
Columbia Nitrogen Corrs Augusta, G MMMw. 22222222 
Cominco American Incorporated BOIEOR DAC. ß ees 
Diamond Shamrock Chemical Cord Dumas, TX_ uu ß uade 
The Dow Chemical Co0o0oo Freeport, lk 
E. I. du Pont de Nemours & Co. Inc... Beaumont, TX ~_________________e 
lo a i a i ah ate a Nec 8 Victoria, I ee ee oe 
Farmland Industries Inc - -..—------------- Hastings, ... 
7/öõÜĩÄo yk K ata uidi LE. // AA ener eee 
/C»öoê» mm...! 8 Fh ³·¹w - mena 
/// õĩõĩ5¹ͤ ũ ð³¹⁊ ð[=dvv m-; eee ee Lawrence. 88s 
Do. we tlt « tei ey i e d LE Pollock. LA |. amine m e neben 
First Mississippi Cord Donaldsonville, LA... 
Georgia Pacific Cor Plaquemine, Lad 
Goodpasture Inncœcn U. Hp... 88 
W. R. Grace & ko Woodstock, TN |... 22222-22222 
Grace-Oklahoma Nitrogen - - - - ---------—- Woodward, OK `- ---------------—- 
Green Valley Chemical ol Creston, [A AA ⁵ 8 
Hawkeye Chemical oo Gin 8 
Hercules Inne Louisiana, MO u·-· bb 
Hooker Chemical Co o Tacoma, WA____________________ 
International Minerals & Chemical Cord Sterlington, LA 
Jupiter Chemical o Lake Charles, LA 
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Table 4.—Domestic producers of anhydrous ammonia in 1984 —Continued 


(Thousand short tons per year of ammonia) 


Company Location Capacity 

Kaiser Agricultural Chemicals oo e iana 68 
Mississippi Chemical Cors Yazoo City. see. 393 
Monsanto oh „ Eulng RR 650 
N:Ren Corp. oou eene , ER fe cn 94 
Dö- a ae eee 8 East Dubuque, III. 238 
Do is ee Ss ae eee eae a ae as Carlsbad, N 68 
Gir tc Lm at yh ech roses St e Lake Charles, I¹ eee „„ 490 
Pennwalt Chemical Io Portland, OR -_-_----------------—- 8 
Phillips Pacific Chemical oo Kennewick, WA ----------------—- 155 
Phillips Petroleum COO0o Beatrice, NE- e uS 230 
PPG Industries Ie Natrium, WV ꝛ cem Si et 50 
Reichhold Chemicals Inc _______________~— St. Helens, OR ___________________ 90 
J. R. Simplot Co -------------------—- Pocatello, Id. 8 108 
Sohio Chemical Coo c o cete onere ee 415 
Tennessee Valley Authority... Muscle Shoals, AL... 74 
Terra Chemicals International Inne Port Neal, IJ 210 
Triad Chemical o „ Donaldsonville, LA 340 
Union Chemical ooo. Kenai, KKK ⅛ 2 1,100 
Do cxt ccc eec AL y cL Brea, CAS um necem cO mdi 280 
U.S. S. Agri-Chemicals Inc . Cherokee, AL |... 22255 175 
Wycon Chemical kco odo Cheyenne, WY ____________-_---_- 109 
/// ³o / a ah a i es ES 8 17,558 


Source: Economics and Marketing Research Section, Tennessee Valley Authority. World Fertilizer Capacity, 


Ammonia. Muscle Shoals, AL, Jan. 10, 1985. 


CONSUMPTION AND USES 


The 11% increase in domestic ammonia 
consumption reflected an improved U.S. 
economy and demand. Imports of anhy- 
drous ammonia increased 24%. Approxi- 
mately 80% of the ammonia consumed was 


used in fertilizers. Ammonia also was used 
to produce plastics, fibers, and resins, 10%; 
explosives, 4%; and numerous other chemi- 
cals, 6%. 


STOCKS 


Producers’ stocks of ammonia on hand at 
the beginning of the year totaled about 1.4 
million tons of contained nitrogen. At year- 
end, stocks totaled about 1.7 million tons of 


contained nitrogen. The increase in stocks 
reflected an improving economy and de- 
mand that encouraged producers to keep 
more product on hand. 


PRICES 


Ammonia prices rose early in the year to 
the annual high of $203 per ton, then began 
a steady decline until they reached the 


annual low of $143 in mid-June. A small 
price increase occurred through the au- 
tumn; the yearend price was $145. 
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Table 5.—Price quotations for major 
nitrogen compounds at yearend 1984 


(Per short ton) 
Compound Price 
Anhydrous ammonia: 
o. b. gulf coast |. - --------—- 5142-5147 
Delivered Corn Belt 175- 195 
Ammonium sulfate: F. o.b. Corn Belt 112. 123 
5 nitrate: Delivered Corn Belt 135- 150 
rea: 
F. o. b. gulf coast, prilled _.________ 147- 149 
F. o. b. gulf coast, granulatt _ 157- 160 
Delivered Corn Beit 168- 200 
Diammonium phosphate: F. o. b. central 
e nce 150 152 


FOREIGN TRADE 


Anhydrous ammonia exports increased 
nearly 47% from the 363,000 tons exported 
in 1983. The gross weight of downstream 
ammonia compounds exported for industri- 
al and fertilizer uses increased 39%. Diam- 
monium phosphates and urea continued to 
lead in export tonnage of nitrogen com- 
pounds. 

Imports of anhydrous ammonia for fertil- 


izer use increased 24%. Canada was the 
leading foreign supplier of ammonia to the 
United States with 980,816 tons. The 
U.S.S.R. supplied about 974,000 tons; Trini- 
dad and Tobago, more than 814,000; and 
Mexico, more than 329,000. Ammonia im- 
ports from Canada, Trinidad and Tobago, 
and the U.S.S.R. increased, whereas im- 
ports from Mexico decreased. 


Table 6.—U.S. exports and imports for consumption of major nitrogen compounds 


1984 


(Thousand short tons and thousand dollars) 


Compound 


EXPORTS 


Industrial chemicals: 
Ammonia, aqua (ammonia content) 
Ammonium nitrate 
Ammonium phosphate 
Ammonium sulfate 

Fertilizer materials: 
Ammonium nitrate 
Diammonium phosphates 
Other ammonium phosphates 
Ammonium sulfates 
Anhydrous ammonia 
Sodium nitrate 


Other nitrogen fertilizers 
Mixed chemical fertilizers 


IMPORTS 


Industrial chemicals: 
Anhydrous ammonia and chemical-grade aqua 
Ammonium nitrate 
Ammonium phosphate 
Ammonium sulfate 

Fertilizer materials: 
Ammonium nitrate 
Ammonium nitrate-limestone mixtures 


Other ammonium phosphates 
Ammonium sulfate eris 
Calcium cyanamide or lime nitrogen 
Calcium nitrate 


See footnote at end of table. 


— — we ee — — — — — — — — 
— — a — eee — —— —— — — — — 
meme i ia —— el o —— 
a 
meme eae — —— eae — — 


Urei posa Ar ⁰⁰ 
Nitrogen solutionssss „ 


Diammonium phosphate s. 


Gross Nitrogen 
weight content Value 

oP ete tere eee es 4 3 291 
JFC 1 (*) 44 
M ET 4 1 3,858 
323 ĩ — 8 2 338 
————— ——— as 26 9 3, 

M TORONTO 6,996 1,259 1,200,580 
odd due Mee 8 562 62 96,240 
VIRTU Cp PT 674 142 41,196 
J NEWER 533 438 85,812 
J ĩ ðͤ e 252 40 2,994 
E enu vu Ete erie lat 1,270 584 182,588 
33% —8 7 2 731 
PFC 50 10 3,815 
JFC 52 5 13,263 
DNE ̃ E 10,439 2,057 1,635,430 
cO RR PET 2 2 253 
3) ͤ ee ee ee 125 44 16,186 
a i a ERN 697 130 

TENE Weegee OR SEE ee 204 43 66 
J M engl ee 532 178 55,424 
———— — P (1) (1) 20 
0 Ä 54 10 9,979 
SSS ana Ne ets 139 15 24,258 
J ͤ T:... 363 76 28.801 
FCC 9 586 
J ᷣ K 170 26 14,259 
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Table 6.—U.S. exports and imports for consumption of major nitrogen compounds 
in 1984 —Continued 


(Thousand short tons and thousand dollars) 


Compound 


IMPORTS —Continued 
Fertilizer materials —Continued 


Nitrogen solutions 
Anhydrous ammonia 
Potassium nitrate 
Potassium nitrate-sodium nitrate mixtures 
Sodium nitrate 
Urea e 
Other nitrogenous fertilizers 
Mixed chemical fertilizers 


lLess than 1/2 unit. 


— — — a a — —— ee ooo 


— —— a a —— —— o e a a oo ee — 


— amw am ae a ae me — —— —— —— ———— a ame ame —— —— ame — —— mo — aao 


— —— —— — —y—— — o o — — — — 


Gross Nitrogen 


weight content Value 
"uc 255 82 26,587 
RR TRIN NECIN 3,283 2,699 413,842 
HE NOME 39 5 7,594 
Ser, 13 2 1,638 
J EA 122 20 12,594 
"E 2,200 1,012 269,606 
JFF 132 26 17,607 
FCC 137 14 24,927 
333 ĩA tg feet 8,476 4,386 984,524 


WORLD REVIEW 


World ammonia production increased to 
approximately 90.2 million tons of contain- 
ed nitrogen. Changes in the ammonia indus- 
try were apparent worldwide. Competition 
from developing countries increased with 
low-cost natural gas, and established com- 
panies tried to improve their market share 
and their competitive position. Some idle 
plants came back on-line in response to the 
slowly improving world economy. A few 
companies planned to increase existing 
plant capacity and construct new ammonia 
plants. Finland and Sweden planned new 
construction at domestic and foreign loca- 
tions. New ammonia projects were under 
construction in Trinidad and Tobago and 
U.S. investors showed interest in becoming 
partners with the Government in those 
projects. The Venezuelan Government con- 
sidered building a new ammonia plant. 
Petrochemical Industries Corp., a Burmese 
Government-owned firm, discussed building 
a world-scale ammonia and methanol com- 
plex. Fertilizer complexes were planned for 
some Eastern European countries; Mozam- 
bique planned to build a nitrogen plant 
based on natural gas. Tanzania planned to 
begin construction on an ammonia-urea 
plant as soon as financing was available. 
Contracts were being offered for an 
ammonia-urea plant in Bangladesh. A con- 
tract was awarded for revamping of an 
ammonia plant at Nanking, China, to in- 
crease capacity. Market economy countries 
had developed much of the technology to 
reduce energy consumption in ammonia 
production, and some retrofitting of less 
energy efficient plants in North America 
and Western Europe was completed, but 
most of the new capacity was installed in 
developing countries. 


Bangladesh.—Ammonia Casale S.A., a 
Swiss company, was awarded a $464,200 
contract to revamp the ammonia synthesis 
converter in the 65,000-ton-per-year ammo- 
nia plant owned by Bangladesh Chemical 
Industries Corp. The plant was located at 
Fenchuganj.? 

Canada.—Construction began on the 
Peace River ammonia plant in northwest- 
ern Alberta. The plant, designed to have a 
capacity of 225 tons per day, was scheduled 
to come on-stream in late 1985. 

Sherritt Gordon Mines Ltd.’s new ammo- 
nia plant at Fort Saskatchewan, Alberta, 
had a design capacity of 1,100 tons per day. 
M. W. Kellogg Co. claimed that the plant 
used less than 25 million British thermal 
units per ton of ammonia.‘ 

India.—Rashtriya Chemicals and Fertil- 
izers Ltd.'s ammonia-urea project at Thal 
Vaishet in Maharashtra neared completion. 
The complex consisted of two 445,000-ton- 
per-day ammonia plants and three 277,000- 
ton-per-day urea plants.’ 

À contract was awarded to Haldor Topsoe 
to construct an ammonia plant at Vijaipur, 
near Guna, in Madhya Pradesh. The plant 
was planned to produce 1,350 tons per day 
of ammonia.* 

Indonesia.—An industrial project com- 
prising a 330,000-ton-per-year ammonia 
plant and a 320,000-ton-per-year urea plant 
was Officially inaugurated at Lhokseu- 
mawe, Aceh, North Sumatra, in January. 
Technology for the ammonia plant was 
supplied by M. W. Kellogg. A second plant 
producing 330,000 tons per year each of 
ammonia and urea was under construction 
in Aceh for P.T. Iskandar Muda Fertilizer 
Corp.’ 

Japan.—Ube Ammonia Co. began produc- 
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tion at its 1,100-ton-per-day ammonia-from- 
coal plant. The plant used the Texaco Inc. 
gasification process.* 

Madagascar.—Les Usines d'Engrais Chi- 
miques de Tamatave's 98,000-ton-per-year 
ammonia and 100,000-ton-per-year urea 
complex was Madagascar's first and was 
scheduled to start up by early 1985.? 

Malaysia.—A 1,000-ton-per-day ammonia 
and 1,500-ton-per-day urea complex was 
under construction at Bintulu in East Ma- 
laysia for the Association of Southeast 
Asian Nations joint venture, Bintulu Fertil- 
izer Sdn. Bhd.!* 

Netherlands.—Unie van Kunstmestfab- 
rieken BV (UKF) brought its new 400,000- 
ton-per-year ammonia plant on-stream in 


September. One-third of the output would 
go to Société Carbochimique SA of Belgium, 
and the remainder would be used by UKF 
for downstream products." 

Portugal.—Quimica de Portugal E.P. was 
nearing startup operations at its new am- 
monia plant at Lavradio. The 300,000-ton- 
per-year unit was to operate on heavy fuel 
oil feedstock.!? 

Turkey.—Istanbul Gubre Sanayii AS 
awarded a contract to Uhde GmbH, of the 
Federal Republic of Germany, to revamp its 
ammonia plant at Izmir in 1985. The plant 
capacity was planned to be increased by 
1096 and energy consumption reduced by 
1290.1? 


Table 7.—Ammonia: World production, by country! 
(Thousand short tons of contained nitrogen) 


Afghanistan* 
Albania* 
Algeria 
Argentina 
Australia 
Austria 


Belgium 
Brazil 
Bulgaria 
Burmaꝰ 


Denmark 


German Democratic Republic 
Germany, Federal Republic of 


India 


Korea, Republic of 
Kuwait 


Malaysia 
Mexico 
Netherlands 
New Zealand 


See footnotes at end of table. 


— — e ae u — —— eee —— — — — —V — —— — —ſ— a — — 


— a a —— —— —— — —— —— H—— ea — HTD—— — — —— — — — — — — 


1980 1981 1982 1983” 1984° 
"T 11 10 9 rg 10 
MM 83 84 84 84 88 
n 33 151 r €120 145 165 
=f 72 44 64 63 62 
n 389 352 210 424 385 

540 536 535 546 529 

B 154 168 201 197 386 
Em 1597 1649 561 495 503 
CEN 388 414 555 814 830 
He" 912 924 934 1,015 915 
i 66 65 56 59 64 


ME 77 101 108 112 116 
T 150 184 108 95 190 
ar 930 937 937 937 937 
= 34 34 34 13 17 
ins 441 571 104 998 990 
x. 77 76 71 75 77 


ae 249 248 248 248 254 
2: 876 902 855 882 910 
ee 8 8 9 9 9 


EUN 4240 220 1231 1248 248 
a 551 88 *88 *88 99 
— 280 321 216 325 320 
ie 60 146 55 59 59 
PON 1,540 1,331 1,153 1,169 1,200 
Lx: 2,326 2,020 1,821 1,703 1,705 
"M 900 500 500 500 500 
as 935 823 599 474 512 
ache *236 1235 202 258 330 
ET 165 165 7210 1230 230 
ae 45 41 3l 32 32 


" 568 601 574 565 573 
M" 474 654 760 1,108 1,100 
E 68 107 93 94 94 
M 43 36 16 22 22 
oo 1,629 1,531 1,569 1,571 1,571 
M 221 147 146 149 154 
- 461 1404 478 531 572 
P 2,478 2,625 2,852 2,866 2,920 
= 184 187 229 248 3 
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Table 7.—Ammonia: World production, by country! —Continued 
(Thousand short tons of contained nitrogen) 
Country? 1980 1981 1982 1983P 1984* 
South Africa, Republic of |... oos sss 605 608 629 634 640 
ö; ¹ ́ ¹ʃ iara LE T eie Rue na 818 819 593 678 683 
Sd :: ( k ] bse eed me 95 87 85 53 55 
Switzerland  - ⁵ð⅛ð—» ⁸⁰fyd ( 8 “50 36 36 36 36 
22: a ge RS nerd % ³ wm 88 43 133 72 125 130 
Ä ¹ ) a 0 ͤͤ ͤ yk K 457 448 350 342 307 
Trinidad and Tobago ooo 506 384 777 1.082 1.270 
c RIS 1203 1359 338 353 360 
JJ » ²³¹wꝛſAA ⁰˙¹ͥ⁴-w-w-r-ͥ.. ⁰⁰ a gees, uae 713,900 14,220 15,400 16,000 16,500 
United Arab Emirates "X s NOS nate 330 
United Kingdom —„—“u¹ 1.800 1.962 1.892 1,896 1,870 
United States s uns s oce oe It oret ee ee ch 16,244 15,132 13,029 11,297 13,309 
Venezuela cures s S iu 8 397 457 457 496 510 
Yugoslavia — ae oe ee hs m 445 464 465 463 440 
JJ·—̃ ea a ͤ OT eee et e ee 22 20 30 31 31 
Zimbabwe — 163 157 93 78 83 
17ii ] ⅛ »w s ð EROR 781,169 784.469 83,114 85,414 90,176 
“Estimated. Preliminary. Revised. 


1Table includes data available through May 14, 1985. 


?[n addition to the countries listed, Vietnam has a nitrogen (N content of ammonia) production capacity of about 60,000 
short tons per year; it is not known at what output level the plant is operating. 


Pata are for years beginning Apr. 1 of that stated. 
*Reported figure. 


Data as reported by Pakistan in fiscal year July 1 through June 30; production for 1982 includes some other forms of 


nitrogen. 


TECHNOLOGY 


Ammonia Casale designed a new mixed 
flow ammonia reactor for ammonia synthe- 
sis. The new reactor was a technological 
development that worked well with the 
United Kingdom's Imperial Chemical In- 
dustries PLC, high efficiency, low synthesis 
loop pressure ammonia process. 

Scientists at the Southwest Research In- 
stitute developed a system to produce am- 
monia from moisture saturated air, sun- 
light, a metal catalyst, and an activated 
silicate foam. The open-celled silicate foam 
was impregnated with the metal catalyst, 
then placed in a glass tube at the focal point 
of the parabolic solar energy collector. 
Moist air pumped through the tube was 
converted to hydrogen and oxygen. The 
hydrogen combined with nitrogen from the 
air to form ammonia and several deriva- 
tives. Ammonia was collected by an aqueous 
acid-scrubbing process. Production rates 
were 5 to 10 milligrams of ammonia per 
hour from 0.25 cubic foot of air. Further 
testing was directed toward increasing the 


ammonia output. 

The Federal Government in Ottawa, Can- 
ada, the Provincial government of Quebec, 
and a group of private companies were 
working on a $50 million project to demon- 
strate the West German Dornier System for 
producing hydrogen from water to produce 
ammonia at the Shawinigan, Quebec, am- 
monia plant. The technology promised to be 
competitive with technologies using hydro- 
gen in natural gas.“ 


Physical scientist, Division of Industrial Minerals. 

2Nitrogen (London). No. 151, Sept.-Oct. 1984, p. 13. 

Green Markets. V. 8, No. 49, Dec. 10, 1984, p. 8. 

4— ——.. V. 8, No. 3, Jan. 23, 1984, p. 7. 

5Nitrogen (London). No. 149, May-June 1984, p. 12. 

$ — ——. No. 150, July-Aug. 1984, p. 14. 

"Work cited in footnote 5. 

Green Markets. V. 8, No. 43, Oct. 29, 1984, p. 9. 

9Work cited in footnote 2. 

10 Fertilizer Focus. V. 1, No. 9, Oct. 1984, p. 24. 

I! Nitrogen (London). No. 152, Nov.-Dec. 1984, p. 14. 

12 — ——. No. 148, Mar.-Apr. 1984, p. 12. 

12Fertilizer International. No. 176, Feb. 1984, p. 13. 

Chemical Marketing Reporter. V. 225, No. 10, Mar. 5, 
1984, p. 15. 

l5Chemical Engineering News. V. 62, No. 14, Apr. 2, 
1984, p. 28. 

16Chemical Week. V. 135, No. 7, Aug. 15, 1984, p. 28. 
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Peat 


By Charles L. Davis! 


Peat production in the United States 
increased 14%. In decreasing order of quan- 
tity, Florida, Michigan, Indiana, Illinois, 
Minnesota, and Colorado were the major 
peat producing States. Reed-sedge peat was 
the most common kind produced, followed 
by humus, unclassified, hypnum, and 
sphagnum. Peat sold in packaged form by 
domestic producers decreased 1296 in quan- 
tity, and 16% in value. Apparent consump- 
tion increased 10%. Imports for consump- 
tion, predominantly from Canada, increas- 
ed 16% and represented about 42% of ap- 
parent consumption. The predominant end 


use of peat was for agricultural and horti- 
cultural purposes. About 11,000 short tons 
of peat was used for fuel, mostly in test burn 
projects. 

Domestic Data Coverage.—Domestic pro- 
duction data for peat are developed by the 
Bureau of Mines from a voluntary survey of 
U.S. operations. Of the 119 operations to 
which a survey request was sent, 104 re- 
sponded, representing 95% of the total pro- 
duction shown in table 1. Production for the 
15 nonrespondents was estimated using pri- 
or year production levels adjusted by trends 
in employment and other guidelines. 


Table 1.—Salient peat statistics 


1980 1981 1982 1983 1984 

United States: 
Number of active operations ------------------—- 96 90 93 94 101 
Production _______________ _ thousand short tons_ _ 785 686 798 704 800 
Sales by producers _____________________ do- 788 757 769 725 814 
7õÜ¹t¹ ͤ— ae . m hee tad Se do. ... 298 216 259 223 373 
Packaged. to hee oe ete es a do- 49 481 511 503 441 
Value of sales thousands. . $16,190 $18,784 $16,871 $18,667 $19,907 
Average per short ton $20.54 $24.82 $21.94 $25.73 $24.47 
Average per short ton, bulk ____$______________ $15.46 $17.28 $16.34 $18.34 $20.47 
Average per short ton, packaged or baled _____ |. _ _ _ $23.61 $29.14 $24.77 $29.00 $27.85 
Imports for consumption thousand short tons_ _ 402 342 370 419 485 
Consumption, apparent do- 11.207 71,089 1,080 71,042 1,146 
Stocks, yearend producer do- 330 269 357 438 577 
World: Productiooo nns do |... 338,538 387,264 414,563 411,868 413.069 

“Estimated. Preliminary. Revised. 


l Apparent consumption equals U.S. primary production plus imports minus exports plus adjustments for industry 


stock changes. 


DOMESTIC PRODUCTION 


Peat was produced by 101 active domestic 
operations. Eight large mines, with capaci- 
ties greater than 25,000 tons per year, 
accounted for 41% of the production, com- 
pared with 46% in 1983: three were reed- 
sedge mines in Michigan, three reed-sedge 
mines in Florida, one reed-sedge mine in 
Illinois, and one unclassified mine in Flor- 


ida. Reed-sedge production increased from 
59% in 1983 to 68% of total output in 1984. 
Humus accounted for 19%; unclassified, 
5%; hypnum, 4%; and sphagnum, 4%. Al- 
most 11,000 tons of peat was produced for 
use as a fuel to generate electricity for 
public utilities and heat in public buildings. 
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Table 2.— Relative size of peat operations in the United States 


Actis 5 
: (thousan 
Size in short tons per year operations short tons) 


1983 1984 1983 1984 


hee. emu ma A eS le aidus 8 8 322 329 
h/ ⁰ / d e AD dl 6 7 103 187 
10,000 to 14,999 d ß ß ME 7 11 92 131 
3000 t09 999 a a rent a ly oA canet ð ot ta al sa al E pe 9 14 69 
2.000t04.999 hh ðᷣ̊ʃ ⁰ et 25 25 91 81 
1,000 to 1,999 ‚ 999922 3 Mq THESE ERRORES 12 13 17 18 
Under 1,0000 %Jͤͤĩ ] are ð b a tee ae 27 23 9 6 
Totul'cu d ß MEA 94 101 104 800 


Data may not add to totals shown because of independent rounding. 
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Figure 1. - Production and imports of peat in the United States. 
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CONSUMPTION AND USES 


U.S. peat producers' domestic sales in- 
creased by 12% and consisted of 70% reed- 
sedge, 18% humus, 4% hypnum, 4% sphag- 
num, and 4% unclassified. Sales of bulk 
peat increased 68% and packaged sales 
decreased 12%. Sales of bagged or baled 
peat were 54% of total sales and consisted 
of 86% reed-sedge, 5% sphagnum, 5% hyp- 


num, and 4% humus. Sales of peat for 
earthworm culture medium, general soil 
improvement, golf courses, potting soil, and 
nurseries increased. A decrease occurred in 
mixed fertilizers, packing flowers, and vege- 
table growing uses. Apparent consumption 
of peat increased as a result of increases in 
production, sales, and imports. 


Table 3.— U.S. peat sales by producers in 1984, by use 


In bulk In packages Total! 
Use Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Earthworm culture medium _______________ 1,035 $20 1,548 $17 2,583 $36 
General soil improvement 100,951 1,775 404,699 9,738 505,650 11,513 
Golf courses 4.2 25 n sche 8 29,076 739 500 35 29,576 774 
Ingredient for potting soils 130,736 3,095 12,025 518 142,761 3,614 
Mixed fertilizers- - -- ----------------—-- 10,800 108 500 35 11,300 143 
Mushroom beds 4,527 18 2,998 210 1,925 288 
Nurseries_________~__~_~_~______~________ 87,966 1,550 8,153 488 96,119 2,038 
Packing flowers, plants, shrubs, et 1,125 16 1,537 64 2,662 79 
Seed inoculant_.____________________ Le 639 162 4,062 952 4,701 1,114 
Vegetable growing ____________.._______- 2,343 28 505 35 2,848 63 
G ³ĩ˙ Ü ¹]oͥdmwd DE RECORD 3,794 64 4,050 180 7,844 244 
GͤÜ— ⁰ 372,992 7,636 440,577 12,272 813,569 19,907 
Data may not add to totals shown because of independent rounding. 
Table 4.—U.S. peat production and sales by producers in 1984, by State 
Pro- 
duction Sales 
Active Quantity Quantity 
State per (thou- (thou- Value! Percent 
ations sand sand (thou- pack- 
short short sands) aged 
tons) tons) 
r 2th eos oS mu Aude ed ec ure s 2 W W W 99 
Cölorado assu e ⅛ K ĩð v y c Era et 4 W W W 35 
Florida nem UE eie Renier ae LE 14 292 263 $5,454 16 
ero fo]. SEDAN ͥ]0ͥ0¹Ü eT CCS 2 W W W 99 
HInDnOIB- 5c om nmm E mueven emis aS eer Lr 4 50 49 W 84 
II sor mue eter C 8 51 61 1,358 80 
LOWE... ee te Ne olus -h 4 12 11 400 28 
// lees eh .d 3 W W W 100 
Maryland. o sore n · ˙· VT˙·-W-tt. SI E 1 5 5 W 17 
Massachusetts- -2 s 1 W W W 10 
6111 ð xy km M i d Men 16 166 227 4,341 78 
IÄ ³ Jddddddſſ ĩͤ· d ͤ 5 38 24 W 82 
M ⁵ð K K iti ee i e 2 2 W W 95 
NY / ³o· het a ss Begs ³ AA 88 5 11 5 128 43 
h RE aae AAA Blane e A E 4 W W W 94 
North Carolina. oum Lm e et ee 8 3 W W W 57 
North; Dakota. cusa 88 1 W W W Ji 
r ũ r A RS 6 16 13 345 75 
Pennsylvania e eere ⁵ 8 26 24 693 29 
South Carolina: 24.0. cu bmi aetatum ð 8 1 5 5 W 92 
///, tue e Lu 4 W W W $e 
777 ou 3 W 9 W 39 
Total? or average ----------------------—--_—_ 101 800 814 19,907 54 


W Withheld to avoid disclosing company proprietary data; included in Total.“ 
1Values are f.o.b. producing plant. 
Data may not add to totals shown because of independent rounding. 
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Table 6.—U.S. peat production and producers’ yearend stocks in 1984, by kind 
“Acti Production Percent of  Yearend 
Kind clive roduction ercent 0 stocks 

operations  (shorttons) production (Short tons) 

Sphagnum mos 9 30,795 3.9 23,491 
Hypnum moss „ „ PPP M TL. ME 6 31,205 3.9 10.815 
Reed-sedge rrr 53 544,945 68.1 480,355 
J! ĩ ² i 8 eie ee E epe E er E ee ies 30 154,326 19.3 18,224 
d 6 ote ies ff y e e ee 6 38,671 4.8 44,250 
Total MERE CHEST a a a tat io 0S 1104 799,942 100.0 577,135 


Includes three additional bogs. 


PRICES AND SPECIFICATIONS 


The average reported price per ton for all 


types of peat, f.o.b. mine, decreased 5%. 
The unit price for bulk peat increased 12% 


and packaged peat decreased 4%. The price 
per ton of imported sphagnum peat decreas- 
ed 4%. 


Table 7.—Prices' for peat in 1984 


(Dollars per unit) 
Sphag- 
9 m sedge Humus Other Average 
Domestic: 
Bulk: 
Per short ton CCC 21.74 23.52 23.42 15.92 19.99 20.47 
Per cubic yard ______ | morc ES 10.69 9.22 12.11 8.40 9.01 10.44 
Packaged or baled: 
Per short ton 69.58 41.51 23.81 42.91 16.00 27.85 
Per cubic yard lalala 8.38 14.86 11.53 24.94 8.00 11.54 
Average: 
Per short toon 59.65 37.23 23.68 19.07 19.93 24.47 
Per cubic yard |. |... o 8.52 13.61 11.72 10.17 9.00 11.09 
Imported, total, per short ton??? . ... 119.18 XX XX XX XX 119.18 
XX Not applicable. 
Prices are f. o. b. mine. 
2Average customs price. 
Table 8.— Average density of domestic peat sold in 1984 
(Pounds per cubic yard) 
Sphag- II 
ypnum Reed- 
num macs sedge Humus Other 
Bulk... TEM p e a 983 784 1,034 1,056 902 
Packaged L4 241 116 968 1,162 1,000 
Bulk and packaged... 2.2.2222 286 T31 990 1,067 903 
FOREIGN TRADE 


Peat imports for consumption increased 
nearly 16% in quantity and 11% in value. 
More than 99% of the imports was sphag- 
num moss peat from Canada. Canadian 
sphagnum moss peat is in demand because 
of its water retention qualities and consum- 
er loyalty to brand. More than 43% of the 
peat entered the United States through 


customs districts in New York. Significant 
quantities also entered through customs 
districts in Maine, Michigan, Montana, 
North Dakota, Vermont, and Washington. 
Minor quantities of peat were imported 
from the Federal Republic of Germany and 
Ireland. 
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Table 9.—U.S. imports for consumption of peat moss in 1984, by country 


Poultry- and Fertilizer- 


stable-grade grade Total 

Country Quantity Value Quantity Value Quantity Value 

(short (thou- (short (thou- (short (thou- 

tons) sands) tons) sands) tons) sands) 

Canada _______________.____. "E 31,639 $4,308 453,078 $53,448 484,717 $57,756 

Germany, Federal Republic of |... m 18 4 155 23 173 21 

Ireland o n mim t ĩ ee Be Dus 22 5 20 1 42 6 

Other?____________________. " 3 6 1 134 19 140 20 

Total. |... „ : 31,685 4,318 453,387 53,491 485,072 57,809 
Includes Botswana, Denmark, Finland, France, the Netherlands, Sweden, and the United Kingdom. 

Source: Bureau of the Census. 

Table 10.—U.S. imports for consumption of peat moss in 1984, by customs district 
Poultry- and Fertilizer- 1 
stable-grade grade Total 

Customs district Quantity Value Quantity Value Quantity Value 

(short (thou- (short (thou- (short (thou- 

tons) sands) tons) sands) tons) sands) 

Boston, MWM c „jj V 3 $2 2 $1 5 $3 
Bridgeport, CT? _ RS - --— n TA 24 3 24 3 
Buffalo, lc??? .. .. .. ..... 18,739 2,616 8,123 890 21,462 3,505 
Chicago. IL. elenco uei ees lem annui & 22 5 M 22 5 
Detroit, MI? | |. |. | |... |... . ..... 12,538 1,649 43,921 4,046 56,459 5,695 
Duluth, MN? e: - " ofa Ace ain "- "p 949 176 949 176 
Great Falls, MT? — dt 6 - MEN ERO RM ae 45,322 5,888 45,322 5,888 
Houston, TX ————- lc EnA ELE EI 2 l epe LX 2 1 
Los Angeles. Kai... —— " 143 17 143 17 
Milwaukee, WI?_______________._.______. — 2 33 3 33 3 
New Orleans, LA?__________._____.____. A 26 3 26 3 
New York, NY________________.._____. ae 2 59 8 59 8 
Norfolk, VA?_____________.____. ....... AA e 159 32 159 32 
Ogdensburg, NY? ________________..___- 142 19 182,868 19,499 183,010 19,518 
Pembina, ND?___________.____._.__.... M 13,901 11,072 13,901 11,072 
Philadelphia, Pas: ..... a — 391 69 391 69 
Portland, Mx? .. " 157 19 33,882 4,024 34,039 4,043 
St Albans, VT? |. |. | | | ........ à 49 4 23,844 2,609 23,893 2,613 
San Francisco, CM.. as 17 l 17 2 34 3 
San Juan, PR? | |. 22 22 "o MP 13 2 14 2 27 4 
Seattle, A?: 1 (3) 39,109 5,148 39,110 5,148 
Ti A 31.685 4318 453.387 53,491 485.072 57,809 


Data may not add to totals shown because of independent rounding. 


2Predominately of Canadian origin. 
Less than 1/2 unit. 


Source: Bureau of the Census. 


WORLD REVIEW 


Canada.—Members of industry, the Pro- 
vincial government of Ontario, and the 
company Peat Resources Ltd. discussed a 
possible joint venture to develop a peat 
pellet plant. There were approximately 
600,000 acres of peat and wetlands under 
company control in northern Ontario. Ini- 
tial work was to include geotechnical, min- 
ing, and economic studies. Preliminary esti- 


mates indicate that the peat could be pro- 
duced for $63 per ton, which made it com- 
petitive with imported coal at $90 per ton. 
Long-range plans were for an operation of 
100,000-ton-per-year capacity. 
U.S.S.R.—The U.S.S.R. produced 205.3 
million tons of peat for fertilizer and bed- 
ding for animals during 1981-83, which was 
the first 3 years of the present 5-year plan. 
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Table 11.—Peat: World production, by country! 


(Thousand short tons) 


Country? 1980 1981 1982 1983P 1984* 

Argentina: Agricultural use , 5 3 4 4 4 
Australia 2... — 13 14 I 14 15 
Burundi - ND 3 10 10 15 15 17 
Canada: Agricultural use. 538 509 537 600 550 
Denmark: Agricultural use? "PEE 34 36 104 *110 110 
Finland: 

Agricultural use______._-._. _______. r571 225 637 302 441 

Eel ur ²⅛ÜWX² ͤ ꝙQ p n et ee ear eo 3,382 1,436 6,063 3,698 4,409 
France: Agricultural use _______________ 155 "143 7132 121 121 
Germany, Federal Republic of: 

Agricultural uneene o... 71,714 1,920 2,030 2,059 2,205 

Kugel oc oc ⁊ðVñ y Eri LE et 1308 271 279 285 386 
Hungary: Agricultural uses mur 77 77 77 77 77 
Ireland: 

Agricultural use 3 97 89 105 e105 105 

öõÄ§;o 6⅛ͤn ⁊⅛oh ĩ 4,879 5, 906 5,819 r €5 842 5,842 
Israel: Agricultural use 22 22 22 22 22 
Netherlands . 441 441 441 441 496 
Norway:* 

Agricultural use COP 66 66 66 66 66 

II! ase aca 06, alie TE ae 1 1 l 1 1 
Poland: Fuel and agricultural uses 223 222 220 220 220 
SPAIN alas %⅛—˙¹m ere tei eL . A 49 43 66 44 44 
Sweden: Agricultural uses La g 148 144 136 138 138 
U.S.S.R.: 

Agricultural u es 259,000 309,000 $331,000 €331,000 331,000 

iT EEEE E Ea EOE E EEA 66,000 66,000 66,000 66,000 66,000 
United States: 

Agricultural use |... -2222222222 785 686 798 703 4789 

PUG MCN PIDE tes ees M EN T 1 411 
Venezuela: Agricultural uses 20 NA NA NA NA 

Total REPETI PLC AA ana 338,538 1 387,264 414,563 411,868 413,069 
Fuel peat included in total |... 774.193 13.836 78.382 16,041 76.869 
Estimated. Preliminary. Revised. NA Not available. 


Table includes data available through June 25, 1985. 

2In addition to the countries listed, Austria, Iceland, and Italy produce negligible quantities of fuel peat, and the 
German Democratic Republic is a major producer, but output is not officially reported, and available information is 
inadequate for formulation of reliable estimates of output levels. 

Sales. 

Reported figure. 


TECHNOLOGY 


Carolina Methane Inc., a new company, 
planned to test a process to extract methane 
from peat deposits without mining the peat. 
The peat bog water, in which the methane 
gas naturally occurred, would be pumped 
out of the bog, and the methane removed in 
a vacuum chamber. The water would then 


be returned to the bog. The methane would 
be used as an alternative energy source, or 
converted to a higher heat value product.? 


Physical scientist, Division of Industrial Minerals. 
?News & Observer (Raleigh, NC). Firm To Try To Get 
Energy From Peat Without Mining. Apr. 3, 1984. 
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Perlite 


By A. C. Meisinger! 


U.S, production of both processed and 
expanded perlite increased modestly to re- 
verse a 6-year decline. Processed perlite sold 
and used increased 5% to 498,000 short tons 
valued at $16.6 million, while sales of 
expanded perlite also increased 596 to 
404,000 tons valued at $69.5 million. 
Construction-related uses of perlite, such as 
roof insulation board, ceiling tile, and con- 
crete aggregate, accounted for 67% of do- 
mestic consumption, the same percentage 
as in 1983. 

Domestic Data Coverage.—Domestic pro- 
duction data for perlite are developed by the 
Bureau of Mines from two separate volun- 
tary surveys, one for domestic mine oper- 
ations and the other for plant operations. Of 


the 12 mining operations to which a request 
was sent, 8, or 67%, responded, represent- 
ing 89% of the total processed ore sold and 
used shown in table 1. Mine data for the 
four nonrespondents were estimated using 
reported prior year production levels adjust- 
ed by trends in employment and other 
guidelines. Of the 70 expanding plants to 
which a request was sent, 65 plants were 
active; of these, 36 plants, or 5596, respond- 
ed, representing 69% of the total expanded 
perlite sold and used shown in table 1. Plant 
data for the 29 nonrespondents were esti- 
mated using reported prior year production 
levels adjusted by trends in employment 
and other guidelines. 


Table 1.—Perlite mined, processed, expanded, and sold and used by producers in the 
United States 


(Thousand short tons and thousand dollars) 


Processed perlite Expanded perlite 
Perlite | Vaod mantel Total 
Year : Sold to expanders plant to make " : Sold and used 
mined — Mie] Su 
Quantity Value Quantity Value used Quantity Value 
1980. Lum 824 334 9,053 304 7,447 638 544 531 69,200 
1. ------ 710 324 9,928 267 1,530 591 494 485 ,300 
1982. 8 623 263 8,755 243 7,289 506 433 428 63,600 
198883. 608 293 9.942 181 5,122 414 387 385 63,500 
1984 . o 653 310 10,395 188 6,243 498 404 404 69,500 
!Crude ore mined and stockpiled for processing. 
DOMESTIC PRODUCTION 


Processed Perlite.—The quantity of per- 
lite mined for processing, by 10 companies 
from 12 operations in 6 Western States, was 
653,000 tons, an increase of 7%. Of the total, 
five mines in New Mexico accounted for 
87%. Other States with mine and/or proc- 
essed ore production were Arizona, Califor- 


nia, Idaho, and Nevada. The quantity of 
processed perlite sold and used increased 
5% to 498,000 tons, and the value increased 
6% to $16.6 million. New Mexico mines 
accounted for 84% of the U.S. total process- 
ed perlite sold and used. Ore producers were 
Harborlite Corp. and Sil-Flo Inc. in Arizona; 
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American Perlite Co. in California; Perso- 
lite Products Inc. in Colorado; Oneida Per- 
lite Corp. in Idaho; Delamor Perlite Co. and 
United States Gypsum Co. in Nevada; and 
Grefco Inc., Manville Products Corp., Silbri- 
co Corp., and United States Gypsum Co. in 
New Mexico. 

Expanded  Perlite.—Expanded perlite 
was produced by 65 plants in 32 States. The 
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quantity produced increased 4%, reversing 
a 6-year decline. Leading States, in descend- 
ing order of sales, were Mississippi, Califor- 
nia, Illinois, Kentucky, Pennsylvania, Tex- 
as, Virginia, Indiana, Florida, and Colorado. 
California and Texas each had seven active 
plants, followed by Pennsylvania with five, 


and Florida and Indiana with four each. 


Table 2.—Expanded perlite produced and sold and used by producers in the United 


States, by State 
1983 x 1984 
TN Quantity Sold and used Quantity Sold and used 

produced Quantity Value Average Produced Quantity Value Average 

(short (short (thou- value (short (short (thou- value 
tons) tons) sands) per ton! ns) tons) sands) per ton! 
Arkansas 1,100 1,100 W 1,100 1,100 W W 
California 44,900 43,100 $1,015 $160 48,100 47,500 $8,339 $176 
Florida 21.200 21,300 3,027 166 20,600 20,500 3,470 169 
Indian 24,200 24,300 5,251 217 22, 500 22, 200 4,982 225 
Massachusetts 2,700 2,600 792 302 2,400 300 779 339 
Pennsylvania 1.700 31.400 5,059 161 32,500 32,400 5,143 177 
exas ______ 27,700 27,400 5,704 208 27,200 27,100 5,805 214 
Other 233,500 233,000 36,144 155 249,900 250,900 40,360 161 
Total® ____ 387,000 385,000 63,500 165 404,000 404,000 69,500 172 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1 Average value based on unrounded data and rounded to nearest dollar. 
2Includes Alabama, Arizona, Colorado, Georgia, Idaho, Illinois, Iowa, Kansas, Kentucky, Louisiana, Maine, Michigan, 


Minnesota, . Missouri, Nevada, New Jersey, New York, North Carolina, Ohio (1983), Oregon, Tennessee, Utah, 
Virginia, Wisconsin, Wyoming, and items indicated by symbol W. 
3Data may not add to totals shown because of independent rounding. 


CONSUMPTION AND USES 


Domestic consumption of expanded per- 
lite increased 5% to 404,000 tons. 
Construction-industry-related uses, such as 
aggregates for concrete, plaster, formed 


products, and loose-fill insulation, contin- 
ued to account for two-thirds of sales. The 
largest gain in sales was for fillers. 


Table 3.— Expanded perlite sold and used 
by producers in the United States, by use 


(Short tons) 

Use 1983 1984 
Concrete aggregate 19,000 20,800 
Fl.... 8 4.200 12, 100 

Fine, 2 ĩð d os 63,900 60,6 
Formed product 210,800 222,500 
Horticultural aggregate? 29,200 36, 100 
Low- temperature insulation 000 5,000 
Masonry and cavity-fill insulation ___ 13, 600 15, 100 
Plaster aggregate 15,400 12,600 
Other! 21,900 19, 100 
Total, noni 8 385,000 404,000 


Includes acoustic ceiling tile, pipe insulation, roof 
insulation board, and unspecified: formed products. 

Includes fertilizer carriers. 

Includes fines, high-temperature insulation, paint tex- 
turizer, refractories, and various nonspecified industrial 
uses. 

*Data may not add to totals shown because of independ- 
ent rounding. | 


PERLITE 
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PRICES 


The average price of processed perlite 
sold to expanders decreased slightly to 
$33.53 per ton. The average price of expand- 
ed perlite used by producers in their own 
plants was $33.21 per ton, an increase of 
5%. The average value of all processed 


perlite sold and used was $33.41 per ton, a 
slight increase over that of 1983. The value 
of expanded perlite sold and used averaged 
$172 per ton compared with $165 per ton in 
1983. 


FOREIGN TRADE 


The United States imported approximate- 
ly 45,000 tons of processed perlite from 
Greece, compared with 36,000 tons in 1983. 


Exports of perlite were estimated to be 
20,000 tons to Canada, compared with 
17,000 tons in 1983. 


WORLD REVIEW 


The United States, the U.S.S.R., and 
Greece continued to be the leading perlite 
producing countries and, together, account- 
ed for 73% of estimated world production in 
1984. 

Canada.—The first perlite mining oper- 
ation in Canada went on-stream in July, 
with initial production processed in a pilot 


plant near the mine. The mining and proc- 
essing operation, at Aldergrove, British Co- 
lumbia, is owned by Aurun Mines Ltd., 
Calgary, Alberta. Proven ore reserves were 
reported to be nearly 500,000 tons.? 


1Industry economist, Division of Industrial Minerals. 
2Industrial Minerals (London). World of Minerals. Cana- 
da. Aurun—A First for Perlite. No. 207, Dec. 1984, p. 9. 


Table 4.—Perlite: World production, by country! 


(Thousand short tons) 


Australia? 
Czechoslovakia 
Greece 
Hungary“ 
Italy 


“Estimated. Preliminary. Revised. 


1980 1981 1982 1983P 1984* 
8 8 2 2 1 2 2 
ame 44 147 44 49 49 
= 218 145 150 167 154 
ye 109 105 99 102 105 
sE 100 94 88 "83 77 
ae 85 83 83 83 83 
Ec 49 63 36 46 44 
“5 1 1 2 1 1 
Eos 9 8 4 2 3 
POP 28 90 134 32 33 
a 400 400 400 400 400 
DE 638 591 506 474 4498 
em 1,683 11,589 1.547 1.441 1.449 


1Unless otherwise specified, figures represent processed ore output. Table includes data available through June 4, 1985. 

2In addition to the countries listed, Algeria, Bulgaria, China, Iceland, Mozambique, the Republic of South Africa, and 
Yugoslavia are believed to have produced perlite during the 1980-84 period, but output data are not reported and 
available information is inadequate for formulation of reliable estimates of output levels. 


Crude ore. 
*Reported figure. 
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Phosphate Rock | 


By William F. Stowasser! 


U.S. production of phosphate rock in 1984 
continued to improve from the depressed 
production level of 1982. Most of the produc- 
tion was from Florida and North Carolina 
phosphate rock deposits, which contributed 
86% of the total; the Western States of 
Idaho, Montana, and Utah contributed 
11%; and Tennessee produced 3%. 

Domestic agricultural consumption of fer- 
tilizer nutrients recovered substantially 
from the effects of the U.S. Government's 
"payment-in-kind" (PIK) program in 1983. 
Exports of phosphate fertilizers increased 


over 1983 exports in response to higher 
international demand. World stocks of 
coarse grain declined in 1983 from the 
effects of the PIK program and drought in 
the United States, but grain production 
recovered in 1984. With a record high world 
wheat harvest in the 1983-84 crop year, 
wheat stocks were high and, despite large 
purchases by the U.S.S.R., cereal prices 
declined. Since 1981, cereal production in- 
creased and demand stagnated. Cereal 
stocks increased as did downward pressure 
on prices. 


Table 1.—Salient phosphate rock statistics 


(Thousand metric tons and thousand dollars unless otherwise specified) 


1980 1981 1982 1983 1984 
United States: 

Mine production[snsn 209,883 183,733 104,135 125,691 163,012 
Marketable production - - - - - ---------- 54,415 53,624 37,414 42,573 49,197 
P20s content 16,711 16,365 11,504 13,088 14,889 
I.. et Enero meets $1,256,947 . $1,437,986 $950,326 "$1,021,095 $1,182,244 
Average per metric ton | $23.10 $26.82 $25.40 $23.98 1$24.03 
Sold or used by producerts 54,581 45,526 38,571 46,839 53,211 
P2Os content 16,810 13,939 11,814 14,336 16,244 
allé. eu ne 8 $1,243,297 . $1,212,433 $983,465 $1,122,966 $1,278,356 
Average per metric ton $22.78 $26.63 $25.50 $23.97 2$23.99 
XPOS. i ce o ae, Bee ee ee oe 14,276 10,395 9,842 12,010 11,528 
P20s content! 4,594 3,300 3,138 3,839 3,646 
Wag uu eee $431,419 $373,192 $293,626 $327,345 $324,784 
Average per metric ton 830.22 $35.90 $29.83 $27.26 $28.17 
Imports for consumption* Pn 486 13 31 9 9 
Customs value $12,856 $420 $1,302 18376 $274 
Average per metric ton $26.45 $32.31 $42.00 1842.69 $31.71 
Consumption! ____________________ 40,791 35,144 28,160 794,838 41,758 
Stocks, 31: Producer. |... 13,709 19,619 18,287 714,500 11,897 
World: Productioůon[nsnsnsn "144,193 "143,087 121,335 P139,265 *150,571 


*Estimated.  PPreliminary. Revised. 

1 Arithmetic average of sold or used values. 

Weighted average of sold or used values. 

Exports reported to the Bureau of Mines by companies. 


*Bureau of the Census data, less imports indicated from Canada and Israel for 1984. 


*5Measured by sold or used plus imports minus exports. 
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Improvement in world phosphate rock 
production was principally due to an in- 
crease in world domestic deliveries. Phos- 
phate rock exports were recovering slowly 
but were still below those of the record high 
year of 1980. The conclusions drawn are 
that the recession more than temporarily 
impacted the world industries importing 
phosphate rock, and the substitution of 
processed phosphates for phosphate rock 
increased in importance. Worldwide, the 
profitability of phosphate rock mines was 
depressed because surplus inventories per- 
sisted despite voluntary mine closings and 
production slowdowns. 

Crop prices, again because of surplus 
production, were depressed and failed to 
keep pace with inflation. Although fertilizer 
prices in most areas of the world were 
relatively stable, other costs of farming 
increased more rapidly than agricultural 
product prices. The farmer was caught in a 
cost-price squeeze that precluded a signifi- 
cant increase in the use of phosphate fertil- 
izer. 

Domestic Data Coverage.—Domestic pro- 
duction data for phosphate rock are devel- 
oped by the Bureau of Mines from two 
separate, voluntary surveys of U.S. oper- 
ations. Typical of these surveys is the phos- 
phate rock semiannual survey. Of the 25 
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operations to which a survey request was 
sent, all responded, representing 100% of 
the U.S. production data shown in table 1. 
Legislation and Government  Pro- 
grams.—The 98th Congress, 2d session, 
passed House bill 9, a bill to designate 
components of the National Wilderness 
Preservation System in the State of Florida. 
The bill directed the U.S. Department of the 
Interior not to issue phosphate leases in the 
Osceola National Forest, FL, until the Pres- 
ident makes a recommendation to Congress 
to do so. The President signed House bill 9 
on September 28, 1984. Four companies 
applied for phosphate rock Preference 
Right Mining Leases in the early and mid- 
1960’s after discovering phosphate rock in 
the Osceola National Forest. Successive ad- 
ministrations denied issuing the leases as 
opposition to mining the Osceola National 
Forest increased from private environmen- 
tal organizations, the State of Florida, and 
the U.S. Forest Service. Two of the four 
companies that applied for Preference 
Right Leases, as directed by the Mining 
Law of 1920, initiated civil suits for leases 
prior to the enactment of House bill 9. The 
District Court of the United States for the 
District of Columbia had not ruled for the 
plaintiffs or defendants by yearend. 


DOMESTIC PRODUCTION 


Florida and North Carolina produced 42 
million metric tons of marketable phos- 
phate rock, a substantial increase over the 
36 million tons produced in 1983; the West- 
ern States produced 5.4 million tons, essen- 
tially the same quantity produced in 1983; 
and Tennessee produced 1.4 million tons, 
about the same as that of 1983. 

Florida and North Carolina.—Companies 
that mined phosphate rock in central Flori- 
da were Agrico Chemical Co., Amax Chemi- 
cal Inc., Beker Phosphate Inc., Brewster 
Phosphates, CF Industries Inc., Estech Inc., 
Gardinier Inc., W. R. Grace & Co., Interna- 
tional Minerals & Chemical Corp. (IMC), 
Mobil Mining and Minerals Co., and USS 
Agri-Chemicals Inc. Occidental Chemical 
Agricultural Products Inc. produced mar- 
ketable phosphate rock in Hamilton Coun- 
ty, north Florida. | 

Several small companies in north-central 
Florida intermittently recovered soft phos- 
phate rock from tailing ponds remaining 
from old inactive hard-rock phosphate 
mines. The companies' estimated combined 


annual capacity of 45,000 tons has seldom 
been achieved. The soft rock has a low 
fluorine content that permits it to be mar- 
keted as an animal feed supplement. 

In North Carolina, Texasgulf Chemicals 
Co., a subsidiary of Société Nationale Elf 
Aquitaine, operated the Lee Creek Mine 
near Aurora, NC. Mining was conducted 
with hydraulic dredges and draglines to 
supply phosphate rock to a fertilizer com- 
plex adjacent to the mine. 

North Carolina Phosphate Corp., an Agri- 
co mining company, planned to open a 3.4- 
million-ton-per-year phosphate rock mine 
adjacent to and south of Texasgulfs Lee 
Creek Mine in North Carolina. The propos- 
ed mine was scheduled to begin producing 
in 1989 with bucket wheel excavators, mo- 
bile transfer conveyors, and rail-mounted 
tripper cars with slewing conveyors. 

In central] Florida, Agrico mined phos- 
phate rock from the Payne Creek, Saddle 
Creek, and Fort Green Mines in Polk Coun- 
ty. Since the Payne Creek and Saddle Creek 
Mines, if operated at planned production 


PHOSPHATE ROCK 


rates, were expected to deplete their respec- 
tive deposits in 1987, Agrico planned to 
open a mine in North Carolina in 1989. 

Amax Phosphate Inc. closed the Big Four 
phosphate rock mine in Hillsborough Coun- 
ty, FL, in October. The mine supplied phos- 
phate rock for phosphate fertilizer and ani- 
mal feed supplements. Amax Phosphate 
had indicated its intentions to keep the 
mine closed and was attempting to sell the 
central Florida mine and chemical plants. 

Beker operated the Wingate Creek Mine 
in Manatee County at a rate in excess of 1 
million tons per year. Beker was permitted 
to truck phosphate rock from the mine, 
about 64 kilometers, to Port Manatee where 
it was transferred to a Beker-owned, self- 
unloading, tug-barge unit for shipment 
across the Gulf of Mexico to its Taft, LA, 
plant. 

Brewster, a partnership of American Cy- 
anamid Co. (75%) and Kerr-McGee Corp. 
(25%), operated the Haynsworth and Lone- 
some Mines in Polk and Hillsborough Coun- 
ties, respectively. The Haynsworth Mine, if 
production plans are followed, was sched- 
uled to gradually reduce production and 
deplete the deposit. The Lonesome Mine 
was expected to continue producing at 
planned production rates. 

CF Industries produced phosphate rock in 
Hardee County from the "North Pasture" 
deposit but failed to restart the Bartow, FL, 
phosphate fertilizer plant that was closed in 
late 1982. Some process design work was 
authorized for CF Industries’ proposed 
Hardee Complex II Mine in Hardee County. 

Estech closed the Silver City Mine but 
continued to operate the Watson Mine as a 
joint venture with Zen-Noh Phosphate 
Corp. Estech offered to sell its Duette depos- 
it in northeastern Manatee County, FL, 
after failing to obtain the necessary mining 
permits from the county. County residents 
approved a referendum in November to 
purchase the 4,208-hectare (10,400-acre) 
tract from Estech, but the issue remained 
unresolved at yearend. 

Gardinier produced phosphate rock at its 
Fort Meade Mine until early November, 
when the mine was closed for inventory 
control. Low demand for phosphate rock at 
Gardinier's Tampa chemical plant appeared 
to be a problem that had existed for several 
years. 

W. R. Grace closed the Bonny Lake Mine 
in February. Mining had begun in 1947 on 
the 4,856-hectare (12,000-acre) site and after 
37 years, the Bonny Lake deposit was de- 
pleted. One of the draglines that mined 
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Bonny Lake was walked to the Hookers 
Prairie Mine, and the other, to the new 
Four Corners Mine. The Four Corners 
Mine, a joint venture with IMC, was pre- 
pared in the last quarter of the year to start 
producing in January 1985. 

Hopewell Land Corp., a Noranda Group 
company, planned to open a relatively 
small, about 450,000 tons per year, phos- 
phate rock mine near Lithia, FL. The mine 
was scheduled to start producing in early 
1985. 

IMC operated the Clear Springs, Kings- 
ford, and Noralyn-Phosphoria Mines in cen- 
tral Florida and had 50% equity in the Four 
Corners Mine. IMC also owned phosphate 
reserves in Hillsborough County. À new 
phosphoric acid train at IMC's chemical 
plant near Mulberry, FL, was capable of 
producing 500,000 tons per year of phos- 
phoric acid. 

Mobil operated the Nichols and Fort 
Meade Mines in central Florida. Plans to 
open a new South Fort Meade phosphate 
rock mine were deferred because of the 
difficulty in reaching agreement with the 
State over its reclamation plan and unfa- 
vorable economics. 

USS Agri-Chemicals and Freeport Phos- 
phate Rock Co. produced phosphate rock 
from the Rockland Mine. Less than 1 mil- 
lion tons was produced in 1983; however, 
production was expected to approach 2 mil- 
lion tons by 1985. 

Occidental operated the Swift Creek and 
Suwannee River Mines in northern Florida. 
The mines supplied both a 390,000- and a 
730,000-ton-per-year phosphoric acid plant. 
Merchant-grade acid was converted to su- 
perphosphoric acid to supply the U.S.S.R.’s 
liquid diammonium phosphate fertilizer 
plants. 

Tennessee.—All of the phosphate rock 
mined in Tennessee by Occidental, Monsan- 
to Co., and Stauffer Chemical Co. was bene- 
ficiated and used to produce elemental 
phosphorus in each company's respective 
electric furnaces. Stauffer acquired addi- 
tional reserves from the Tennessee Valley 
Authority. Because both Monsanto and 
Stauffer also operated electric furnaces in 
the Western United States with lower pro- 
duction costs, the Tennessee furnaces were 
used to satisfy any differential demand 
above that which was met by Western 
production. 

Western  States.—Western phosphate 
rock was mined in two grades, 24% to 28% 
phosphorus pentoxide (P.O;) for elemental 
phosphorus production and 30% to 33% 
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P.O; for wet-process phosphoric acid pro- 
duction. The lower grade ore was mined and 
used directly in electric furnaces. 

The Conda Partnership, a 50-50 associ- 
ation between Beker and Western Coop- 
erative Fertilizers Ltd., Canada, mined 
phosphate rock from the Maybie Canyon, 
Champ, Mountain Fuel, North Dry Ridge, 
and Husky Mines. Beker’s share of the 
mined rock was used in the adjacent fertiliz- 
er complex at Conda, ID, and Western 
Cooperative's share was exported to plants 
in Alberta, Canada. 

Monsanto obtained phosphate rock for its 
electric furnaces from the Henry Mine. The 
phosphate rock was trucked from the mine 
to electric furnaces at Soda Springs, ID. 
Mining capacity was about 0.9 million tons 
per year. 

Stauffer obtained phosphate rock for a 
two-electric-furnace plant at Silver Bow, 
MT, from the Wooley Valley Mine north- 
east of Soda Springs, ID. 

Cominco American Incorporated mined 
phosphate rock from an underground mine 
in Powell County, MT. This was the only 
underground phosphate rock mine oper- 
ating in the United States. During the 
shipping season, the ore from the mine was 
loaded directly into railcars for delivery to 
Kimberley, British Columbia, Canada. 
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Chevron Resources Co. started construc- 
tion of a 400,000-ton-per-year diammonium 
phosphate fertilizer plant at Rock Springs, 
WY; contracted to construct a 152-kilometer 
(95-mile) pipeline to carry phosphate rock 
slurry from Vernal, UT, to Rock Springs, 
WY; and planned to increase the mine and 
beneficiation plant capacity at Vernal to 
more than 1 million tons per year. The new 
fertilizer plant at Rock Springs was planned 
to use sulfur from Chevron U.S.A. Inc.’s 
Carter Creek sour gas processing plant in 
southwest Wyoming. All of the new facili- 
ties were planned to begin operating in 
1986. 

J. R. Simplot Co. operated the Gay Mine 
on the Fort Hall Indian Reservation to 
supply acid-grade phosphate rock to its 
fertilizer complex at Pocatello, ID, and 
furnace-grade phosphate rock to FMC 
Corp.’s electric furnaces west of Pocatello. 
In June, production began at Simplot's new 
phosphate rock mine, Smokey Canyon, in 
Caribou County. The beneficiated phos- 
phate rock was pumped 43 kilometers (27 
miles) through a 20-centimeter (8-inch- 
diameter) pipeline to the Conda, ID, plant 
where the concentrate was dried and calcin- 
ed. The Smokey Canyon Mine replaced the 
nearly exhausted Woodall Peak Mine. 


Table 2.— Production of phosphate rock in the United States, by region 


(Thousand metric tons and thousand dollars) 


Marketable production 
Mine production Washer 
Used directly : Total! 
Region — — „ Da 91 
P205 P205 P205 P205 
Rock con- Rock con- Rock con- Rock con- Value? 
tent tent tent tent 
1983: 

Florida and North 
Carolina 117,193 15,077 2.388 33,572 10,495 35,960 11,212 842,926 713,065 
Tennessee 2,217 898 TN —— 1,93 307 1,193 307 129,073 159 
Western States? _ _ _ 6,281 1,584 2,531 665 2,888 904 5,419 1,569 149,096 1,276 
Total! ______ 125,691 17,559 4,920 1,382 37,653 11,706 42,573 13,088 "1,021,095 714,500 

1984: 

Florida and North 
Carolina 153,694 18,856 5,582 1,673 36,871 11,312 42,453 12,985 993,356 10,608 
Tennesse 2, 538 513 Se _. 1,368 345 1,368 345 33,215 194 
Western States 6,780 1,649 2,522 670 2,855 888 5376 1,558 155,613 1,096 
Total! ______ 163,012 21,017 8104 2,343 41,094 12,546 49,197 14,889 1,182,244 11,897 

r Revised. 


Data may not add to totals shown because of independent rounding. 
2Derived from arithmetically averaging sold or used reported data. 


3Includes Idaho, Montana, and Utah. 
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CONSUMPTION AND USES 


The U.S. primary demand for phosphate 
rock recovered to the level attained in the 
prior record high year of 1980. 

The percent distribution by grade of mar- 
ketable phosphate rock sold or used in the 
United States or exported was somewhat 
distorted by the low-grade phosphate rock 
for electric-furnace consumption included 
with high-grade rock for wet-process phos- 
phoric acid production. 

Essentially all of the phosphate rock pro- 
duced in Florida and North Carolina was 
either used in the production of phosphate 


fertilizers or exported for that purpose. 

All of the phosphate rock produced in 
Tennessee was used in electric furnaces to 
produce elemental phosphorus. The elemen- 
tal phosphorus was converted into interme- 
diate phosphoric acid and various sodium, 
calcium, and potassium chemicals for non- 
fertilizer uses. 

Of the marketable phosphate rock domes- 
tically consumed in the Western States, the 
consumption was approximately equally di- 
vided between electric furnaces and fertiliz- 
er. About 2% was exported. 


Table 3.—U.S. phosphate rock grade distribution pattern 


Grade (percent 
BPL! content) 


Less than 60 


66 to less than 70 
70 to less than 72 
72 to less than 74 
14 or more 


— — — — —À — — — — — — — — — — —— — —— —— —— — —— — 


— —— — — — — — — — — — D—— D — —— ——— D—V— — — — H— — 


— — — — — — — — — —— — —V —— — — — — —— —— —— — — — — — 


Distribution (percent) 


1980 1981 1982 1983 1984 
e 5.3 5.6 4.9 8.0 12.1 
8 15.7 15.7 15.6 14.6 8.1 
55 56.7 60.1 63.8 60.6 63.0 
. 12.7 9.6 5.8 8.3 10.1 
ä 6.0 6.0 6.1 5.5 2.0 
S 3.6 3.0 3.8 3.0 4.7 


1.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% P2Os. 


Table 4.—Florida and North Carolina phosphate rock grade distribution pattern 


Grade (percent 


Distribution (percent) 


BPL! content) 1980 1981 1982 1983 1984 
legs than 00 e e eR E Ee 0.1 0.2 0.6 3.3 7.8 
, ß ee tn 15.3 14.4 12.2 13.0 7.0 
66 to less than 70 __-__§_§_____ — 62.2 67.0 68.5 64.2 67.5 
70 to less than , Rom aee been Se te 11.2 7.7 6.9 9.6 9.9 
eee ·k r eee. 7.0 7.1 7.2 6.4 2.4 
%%% ˙ĩÄê5410. x : LE D 4.2 3.6 4.5 3.5 5.4 

11.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% P2Os. 
Table 5.— Tennessee phosphate rock grade distribution pattern 

BPL' content) 1980 1981 1982 1983 1984 
Less than (0 _. _ : 75.3 50.6 38.0 89.4 100.0 
60 to less than Uw 24.7 49.4 62.0 10.6 es 

11.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% P305. 
Table 6.—Western States phosphate rock grade distribution pattern 

Grade (percent Distribution (percent) 

BPL! content) 1980 1981 1982 1983 1984 
, d . Mae ee es ae eS 27.7 31.4 27.2 25.2 27.0 
60 to less than ddr ² ð 16.5 16.0 29.4 27.5 19.1 
66 to less than, 8 27.7 28.5 43.4 47.3 39.6 
Me ð tu eise ES 28.1 24.1 = EE 14.3 


11.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.45895 P2Os. 
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Table 7.—Phosphate rock sold or used by producers in the United States, by use 


(Thousand metric tons) 


1983 


Use 
Rock 
Domestic: 
Wet - process phosphoric acilili Os 30,354 
Normal super phosphate 194 
Triple superphosphalleWeeee l2ll 677 
Defluorinated rock______________ ~__-__-~_______ lou 68 
Direct applications. ______________________ ~~ ___ ee 184 
Elemental phosphoruuůnn lll 3,321 
Ferrophosphorus___________________~___~_~________- 32 
/// ͥͥ Lu ³³ A 34,830 
õͤĩ¹“ u ad A ⁰³²˙·¹ſ AAA LLL EI UN 12.010 
Grand totalt oes ..-.-- rr... 65 Di Sel EAS 


Includes rock converted to products and exported. 
2Data may not add to totals shown because of independent rounding. 
Exports reported to the Bureau of Mines by companies. 


P205 
content 


14,336 


Rock 


36,651 
103 
1,062 
68 

95 
3,122 
48 


41,748 
11,528 


53,277 


1984 


P205 
content 


46,839 


16,244 


Table 8.— Phosphate rock sold or used by producers in the United States, by grade and 


region in 1984 


(Thousand metric tons and thousand dollars) 


Florida and North Carolina Tennessee 
Grade (percent BPL’? content) P205 2 P.O; 2 
Rock content Value Rock content Value 
Below 60 ____________________ 3,628 947 91,689 1,340 338 32,590 
60 to less than 66 _______________ 3,245 946 61,321 M» - 
66 to less than Co — 31,389 9,714 704,693 "m e e 
TOtolesthan72 ______ ________ 4,574 1,489 117,320 m ED zs 
72tolessthan74 _______________ 1,092 364 30,655 PT. act zs 
74 or moore L 2,483 849 11,963 L See ME 
Total x. iE eset ise eder teams arie 46,411 14,309 1,089,647 1,340 338 32,590 
Western States? Total 
P20 2 P205 2 
Rock 8 Value Rock . Value 
Below 60 |... —w! 1,494 369 22,738 6,462 1,654 147,017 
60 to less than 66 _______________ 1,055 292 17,231 4,300 1,238 84,558 
66 to less than 70 __.____________ 2,186 681 78,266 33,575 10,395 782,959 
70 to less than 722 22-a 791 255 37,884 5,365 1,744 155,204 
72 to less than 74 _______________ —- 2 EN 1,092 364 30,655 
74 or more PM EM n 2.483 849 77,963 
„ df 5,526 1.597 156,119 53,211 16,244 1,218,356 
11.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% P2Os. 
2F o.b. mine. 
3Includes Idaho, Montana, and Utah. 
Table 9.—Phosphate rock sold or used by producers, by use and region 
(Thousand metric tons) 
5 4 Tennessee Western States! Total? 
Use 
P205 P205 P205 P 205 
Rock content Rock content Rock content Rock content 
1983: 
Domestic:? 
Agricultural 29.178 8,918 s "- 2,297 719 31,476 9.631 
Industrial m = 1,187 307 2,167 553 3,354 860 
Total 29,178 8.918 1.187 307 4,464 1,272 34,830 10,497 
Exports“ 11.045 3,538 ao ae 964 301 12,010 3,839 
Total? ________ 40,223 12,456 1,187 307 5,428 1,573 46,839 14,336 


See footnotes at end of table. 
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Table 9.—Phosphate rock sold or used by producers, by use and region —Continued 


(Thousand metric tons) 


Florida and 1 2 
North Carolina Tennessee Western States Total 
FOR P20 P.O P.O P.O 
205 208 205 208 
Rock content Rock content Rock content Rock content 
1984: 
Domestic: 

Agricultural 35,924 10,991 zc -— 2,054 641 31,978 11,633 
Industrial ________ 61 18 1,340 338 2,369 609 3,770 965 
Total 35,985 11.009 1.340 338 4,423 1.250 41,748 12,598 
Exports 10,425 3,298 " on 1,104 348 11,528 3,646 
Total? |. ... 46,411 14,309 1,340 338 5,526 1,597 53,277 16,244 


Includes Idaho, Montana, and Utah. 


2Data may not add to totals shown because of independent rounding. 


Includes rock converted to products and exported. 
*Exports reported to the Bureau of Mines by companies. 


Table 10.—Florida and North Carolina 


phosphate rock sold or used by producers 


Table 11.—Tennessee phosphate rock sold 
or used by producers 


Year 


1980 ____ 
1981 -__- 


1982 __ 


1988 


P2305 
inn 1 nf Value 
Year sand rr Total 
Sand sand gnou Average 
tons) metric sands pe 
tons) 
1980 ____ 47,171 14,690 $1,108,991 $23.51 
1981 |... 38,458 11,935 1,064,459 27.68 
1982 ____ 32,806 10,192 850,794 25.93 
1983 |... 40,223 12,456 944,509 23.48 
1984 |... 46,411 14,309 1,089,647 23.48 


Table 12.—Western States phosphate rock 


1984 


sold or used by producers 


Rock 
(thou- 
sand 
metric 
tons) 


1.665 
1.379 

960 
1.187 
1.340 


Value 


Total 
(thou- 
sands) 


$120,309 


130,194 
119,699 
149,520 
156,119 


P305 
content 
(thou- 
sand 
metric 
tons) 


432 
351 
248 
307 
338 


Average 
per ton 


$21.06 


22.95 
24.90 
27.55 


28.25 


Rock P205 
(thou. content 
Year sand 1 
metric sanc 
tons) metric 
tons) 
1980 5,713 1,681 
1981 ____ 5,672 1,644 
1982 ____ 4,807 1,375 
1983 ____ 5,428 1,573 
1984 |... 5,526 1,597 
STOCKS 


Value 
119 55 Average 
r ton 
sands) pe 
$13,330 $8.01 
17,401 12.62 
12,972 13.51 
28,935 24.38 
32,590 24.32 


Inventories of marketable phosphate rock 
were reported to the Bureau of Mines by 
producing companies on a monthly and 
semiannual basis. The monthly reports en- 
abled the Bureau to publish stock trends 
during the year in its monthly Phosphate 
Rock Mineral Industry Surveys (MIS). The 
semiannual reports provided the data for 
stock levels reported in the annual Advance 
Summary MIS, crop year MIS, and the 
Minerals Yearbook. 

After inventories peaked in 1981, inven- 
tories were reduced in 1982 by closing mines 
for various lengths of time and were further 
reduced in succeeding years as demand 
improved for phosphate fertilizer. 


Table 13.—Marketable phosphate rock 
yearend stocks 


(Million metric tons) 


Year Quantity 
1ͤĩ˖%˙ E E ³ h a E E 9.9 
777770CCĩÜ. w y Nomis Od eet 15.2 
%öÜöð' é ͤ K 8 13.7 
e oe ee ets Seah ig ta tao Se, 15.7 
/ E Ao ote rt se he eins Kc ee sales 14.5 
Vs hs ge E ha aa ⅛ ᷣ y ae a i oh 713.7 
JG!!! ³Ü AA ENCORE: 19.6 
)öö. yd 18.3 
JJJ!öÜX—Üww˖ ĩèẽ?˙5oU˙ſ.i:e Aeris mr rt 9 114.5 
JJ! a ͤͤ ᷣ ͤ⁰r ̃ĩͤ a eee ee 11.9 

Revised 
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PRICES 


Phosphate rock was sold under contracts 
negotiated between buyers and sellers. List 
prices were occasionally published by pro- 
ducing organizations; however, actual con- 
tract prices that are negotiated between the 
buyer and seller were not published. 

‘Phosphate rock exports from Tampa, FL, 
included a freight, loading, and weighing 
cost of $5.74 per ton as of October 1, 1984, 


and a severance tax of $2.39 per ton; exports 
from Jacksonville, FL, incurred a freight 
and handling cost of $8.13 per ton as well as 
a severance tax of $2.39 per ton. 

The weighted average prices or values, 
f.o.b. mine, for each grade of phosphate rock 
and for each producing State were calculat- 
ed by the Bureau of Mines from a semian- 
nual survey of producing mines. 


Table 14.—Phosphate rock estimated export prices! per metric ton, unground, f.o.b. 
vessel Tampa Range or Jacksonville, FL, by grade 


Grade (percent BPL? content) 


ii o i el 


19815 1982 19835 1984* 
Tm $30.00 $23.00 $27.00 $26.50 
oe 30.50 23.50 28.00 27.50 
et 36.00 21.00 30.00 30.50 
RENE 43.00. 34.00 35.00 35.00 


1Prices include severance taxes, rail freight costs from mine to port, and port loading and weighing charges. 
21.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% P2Os. 


3Estimated selling price including $1.84 severance tax. 
‘Estimated selling price including $2.03 severance tax. 
5Estimated selling price including $2.25 severance tax. 
®Estimated selling price including $2.39 severance tax. 


Table 15.—Moroccan phosphate rock 
export prices, U.S. dollars per metric ton, 
f.a.s. Safi or Casablanca‘, by grade 


Grade 
(percent 
BPL! con- 1981 1982 1983 1984 
tent) 
Khouribga: 
70 to 71 52.00 42.00 35.00 36.00 
76 to 77 58.00 50.00 45.00 47.00 
Youssoufia 
68 to 69 44.00 38.00 29.00 30.00 
74 to 75 56.00 47.00 41.00 43.00 
*Estimated. 


11.0% BPL (bone phosphate of lime or tricalcium phos- 


phate) 0.458% P2Os. 


Table 16.—Price or value of Florida and North Carolina phosphate rock, by grade 


(Dollars per metric ton, f.o.b. mine) 


1983 1984 
Grade ( t BPL! content) 
e n Donee Export Average uomen Export Average 
Less than 60 — et oe we hun 126.94 2) 126.94 25.14 25.64 25.28 
60 to less than G66 124.97 125.19 725.03 20.90 20.10 20.75 
66 to less than 70 oo l2 121.33 125.21 121.95 22.19 24.51 22.45 
70 to less than 72 |... .d 127.12 123.93 124.83 25.34 25.75 25.65 
72 to less than 74 44 125.59 125.59 125.59 24.49 32.10 28.08 
TA OEIDOEG re eese ee K et estas T35.28 134.70 134.92 29.31 33.01 31.40 
E—ñ ir ate a ae hs ait 22.64 25.70 23.48 22.67 26.28 23.48 
"Revised. 


11.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% P3O0s. 


2Revised to zero. 
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Table 17.—Price or value of Western States phosphate rock, by grade 


(Dollars per metric ton, f.o.b. mine) 


1983 1984 
Grade ( t BPL' content) : 7 
ASR dicam ei sii Export Average pies Export Average 
Less than 60 _____________________-__- 713.56 (3) 13.56 15.22 pes 15.22 
60 to less than QO 16.24 40.14 19.28 11.15 41.51 16.33 
66 to less than 70 ________________-_-_--_ 136.99 146.29 739.80 32.14 44.81 35.80 
70 to less than 72 ______________________ ae EN . 45.78 51.45 47.87 
Average 23.76 45.07 27.54 23.81 46.03 28.25 
r Revised. 
11.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% P2Os. 
2Revised to zero. 
Table 18.— Price or value of Tennessee 
phosphate rock, by grade 
(Dollars per metric ton, f.o.b. mine) 
Grade (percent BPL! content) 1983 1984 
Less than 60. 124.52 24.32 
60 to less than 666 123.15 —— 
Average 24.37 24.32 
"Revised. 
11.0% BPL (bone phosphate of lime or tricalcium phos- 
phate) = 0.458% P2Os. 
Table 19.—Price or value of U.S. phosphate rock, by grade 
(Dollars per metric ton, f.o.b. mine) 
1983 1984 
Grade (percent BPL! content) - ; 
= ia Export Average Nes Export Average 
Less than oOo 121.40 2) 121.40 22.25 25.64 22.75 
60 to less than ũ6 l.. 122.76 126.97 23.74 18.47 24.94 19.67 
66 to less than 70 ͥ oo 122.53 28.53 723.57 22.12 21.62 23.32 
70 to less than ⁊ł⁊2d77 27.12 23.93 123.83 31.55 27.77 28.93 
72 to less than 44 125.59 125.59 125.59 24.49 32.10 28.08 
T4 OF more on a n 8 135.28 134.70 134.92 29.31 33.01 31.40 
Weiss mmo eub EP Lc 22.84 21.26 23.97 22.84 28.17 23.99 
"Revised. 


11.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% P205. 


?2 Revised to zero. 


FOREIGN TRADE 


U.S. phosphate rock exports set a record 
high in 1980 and then abruptly declined in 
the early 1980's with the world recession. 
Exports recovered somewhat in 1983 and 
1984. Increased supplies of phosphate rock 
from African and Mideastern phosphate 
rock producing countries were expected to 
increase competition in world markets, par- 
ticularly for U.S. producers. 

Free trade or exports of phosphate rock 


were incompletely described by the statis- 
tics. For example, several U.S. companies 
were partners in fertilizer plants in other 
countries and as such were committed to 
ship phosphate rock to those operations. 
Other organizations from foreign countries 
owned a percentage of U.S. phosphate 
mines and controlled their share of produc- 
tion. Further, the classification of domestic 
consumption or home deliveries is mislead- 
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ing in that frequently only a fraction of this shown in the following tabulation: 
classification stayed in the country, with 
the balance exported as converted phos- 


phate fertilizer. of origin Teque one 
In Florida, rail freight, port charges, and chinas 2- 

severance taxes all increased, further re- Kean eke S CE ORSNIME 1 

ducing the competitive position of phos. Netherlands Antiles 122222112111] 5603 

phate rock exporting companies. United Kingdom 54 
The small quantities of phosphate rock NLßö•„v5ᷣ5ßß ee LOL 8.637 


imported into the United States in 1984, as ~> r eee w- neee d- 
OTE: Reported imports from Canada and Israel 
reported by the Bureau of the Census, are excluded. ^ . 8 


Table 20.—U.S. exports of phosphate rock, by country 


(Thousand metric tons and thousand dollars) 


1983 1984 
Country — — — — — 
Quantity Value! Quantity Value! 
C6¶ ũõůà ũ U ee Roue %⁰¹ ww A LL I D err M 338 10,226 212 6,199 
All ³¹w¹.m t 207 7,502 20 6 
Belgium-Luxembourndmddmdgbhhdd 22222222222 505 15,850 549 17,454 
I ³ð 8 — REN — € 12 09 

Canada xc osuere iue caida I A I UE ES CS 2,162 101,305 2,998 106,479 
Finland |... pep KT ͤ II on 106 3,520 149 4,967 
France -e noter uou RM Mee LE eee 843 26,384 702 23,856 
Germany, Federal Republic of. - - - -- ----------------—-- 770 24,262 541 . 16,710 
ö cile a tn 86 305 14,755 248 9,954 
fialy o ose Lure A cd t hi ed EE d Ed 224 6,766 85 2,640 
Ü ½ es mv w. E DAL ele cee a 1.528 63,110 1.274 50,843 
Korea, Republic of. |. „ 1,516 52,139 1,501 46,750 
MEXICO a ] ⅛ͤ—ͤ d ⁰⁰ k ge ce ee 370 11.109 429 12,861 
Netherlands .— —- cum é 974 21,915 640 18,957 
New Zealand_________ kn 90 3,492 51 1,578 
TCC scie ale e UA ML c ML DA LAE 46 1,951 8 
EHilippf h ³ðN A 8 80 3,083 25 974 
Poland 22203 3-203 N frs semel ae P 769 22,181 ae 
Po clo uii nts ĩ eh Et Rr eL de 317 11,492 433 17,435 
Sweden. ————— bu meiden ctr tec d 8 159 6,117 187 6,1 
TAIWAN oer cnet e ꝗ⁰m E LM 8 29 1,022 23 
United Kingdom____________~_ ~~ ~~ ~____ Lee 122 4,288 26 854 

. es ae eee A te ete eS e A. 137 4,892 1,211 45,095 

1 RE RS RUE ͥ uꝗdꝓſßeſ̃ ²¹ ˙P——!... 12.197 423,361 11,316 392,032 


! All values f.a.s. (free alongside ship). 


Source: Bureau of the Census. 


Table 21.—U.S. exports of superphosphates, more than 40% P.O;, s country 


(Thousand metric tons and thousand dollars) 


1983 1984 
Country — — — — 
Quantity Value! Quantity Value! 

CJ nn cnc eee ˙». =. EE E MN EL 6 830 9 1,107 
Belgium-Luxembourg. .... 2222222222222 34 4,291 78 9,208 
FFI ³⁰üſſ eet =o 44 6.031 
IlCö§öO ⁵ ⁵ y dd 88 90 10,612 92 11.781 

J%yyyýCh0h! !!!.!!! 0’Phlhh y de ii NEL AS MN 15 2,840 
C IU EL a RU E Ee LM In rer c Ur e 89 14,607 204 30,867 
lÜͤ ⁰ hh oa ⁰md 88 96 11.956 182 1 
/ LL a noct at Cc ML I IMEEM du RE 281 35,175 AN A 
Colombie nc uen ß Et d te 18 3,625 15 2,120 
P eO ru AAA eL e Ad t 8 1,214 8 1,035 
Dominican Republic ____________------___-------- 9 1,736 8 1,490 
ErBlCe- | zm ¼ .:. K y 8 30 4,037 9 
Germany, Federal Republic oft .- 100 13,830 80 9,772 
Hungary ———.— noL Oe tes 8 21 2,704 15 1,739 
ee y 57 8,432 m " 
Ireland ͥ¹˙ͥ’¹uX ⁰6˙tũʒ ii 23 2.887 38 4.887 
1j ³⁰—9m ... 8 7 955 7 924 
7 ³¹¹ ³⁰.-ſſ ddſddddddddddddddWd LUE 30 4,081 30 4,286 


See footnotes at end of table. 
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Table 21.—U.S. exports of superphosphates, more than 40% P;O,, by country 
— Continued 


(Thousand metric tons and thousand dollars) 


Beate 1983 1984 
nid Quantity Value! Quantity Value! 
7E mu aac EE LN M M esee De 12 1,566 14 1,987 
SIBBBDOLe- e s i ee d i E 5 648 alus SS 
,,, este oe AERE AS O Cle nad ee LEE l 205 6 829 
r ³o¹m¹q d rE 1 377 8 1.548 
GM ³o AA.. 8 276 40,902 228 39,322 
///ͤĩ˙¹ i « ͥ a Luo res 1.194 164,670 1,090 149,096 


! All values f.a.s. (free alongside ship). 


Source: Bureau of the Census. 


Table 22.—U.S. exports of superphosphates, less than 40% P: Os, by country 


1983 1984 
Country Quantity Value! Quantity Value! 
5 (thousands) pie (thousands) 
Canada .. ___--- J ³ðͥ E E R ARA 65,838 $1,445 1,097 $24 
Gꝓõö% ]%¾D8? ½ ̃ ² ꝝ a NT: s 2,772 62 660 30 
//•ößW̃õĩõẽL4k 8 68,610 1,507 1,757 54 


1 All values f.a.s. (free alongside ship). 


Source: Bureau of the Census. 


Table 23.—U.S. exports of diammonium phosphates, by country 


(Thousand metric tons and thousand dollars) 


1983 1984 
Country — 
Quantity Value? Quantity Value? 

Argentini ec le Ne eh ie ey pe Soe aa LL 61 10,641 84 15,901 
hh ³o·w w ³ ²⁰ m» damp i oe Seedy c Ee Se A 187 32,144 206 41,339 
Bangladesh's... Je ³Ü¹ ww ⁰·ꝛeꝗ dt spun A 100 18,106 NIS Ew 
Belgium-Luxembourg_____________________~_________ 679 114,214 148 139,672 
FFI ³ð 8 s 91 17,660 
Canada unu ee de eT LA ³˙Ü¹wi 173 21,128 115 22,153 
// ues E EL -NMM mm;. 88 26 4,381 51 10,257 
Chini un eta toe ð y ES ri. 585 99,820 1,229 230,928 
Ä ³o¹ Se ee ae ee E 47 8,127 1 11.920 
Costa RICH. ß . eL LEE 196 3,404 ] 3,838 
Dominican Republivqꝛazazht kk 34 5, 31 5,849 
FFH ³oÜ¹¹ w. ⅛⁰˙¹ ˙mqo‚—ʃwt ² mp . S 3 488 39 7,788 
FI 2525 Ss Lu bre e eeu ee LEES ans 22 3,826 ue 
·ũ re Oe eee us a ants, 88 61 10,908 19 3,769 
Germany, Federal Republic ß 32 5,869 21 5,0 
Güsten, 225 4,316 13 2,962 
JCGõõ6˙⁰ð yd y y E E 141 24,560 1,189 227,337 
Fe. ene et ales imer Se eae, hs ah een 42 7,226 34 5,775 
I Ft oho as ea d LM crit E x 128 24,357 
Japan: Eu cL e ey t A E ME 444 15,190 488 92,197 
JJ; LLLI on fa iav lS y 8 185 31,885 261 52,049 
Netherlands =.= 2.225222 252582540 ——4ũ i ae NM 19 3,394 
New Zealand -o cons unused mte asina Ere tc um 56 9,646 45 8,978 
Nicaraguas i. s c nce eA UE m M Le E e 149 2,580 19 2,812 
4 S 5T yp dd ⁰⁰ d ĩð2AA Steg as ee ee 328 62,788 247 48,680 
DL) | d PERIERE 122 18,731 . 
F] ]³ÜU¹⁴⁵ſſſſ0ſŕ⁊dũid ͤ ͥ ¼˙md Lu oat lee T re E 46 7, 684 68 12,335 
Tubkeyx 2 o x ue uu ic i perm LASS LR LOMA 8 60 9,812 60 11,844 
Me ͥ ⅛⁰;mö! 7... 88 13 2,244 EE TN 
PJñ;ĩ§?;r]%60ò ¹ de E 66 11.666 79 15,268 
p dd e 675 115,566 970 175,889 

CJòꝗß);õõüũãũ ³ð⁊1dĩĩ ek eee ot ch 4,758 129,233 6,346 1,200,579 


! All values f.a.s. (free alongside ship). 


Source: Bureau of the Census. 
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Table 24.—U.S. exports of phosphoric acid, Table 25.—U.S. exports of phosphoric acid, 


less than 65% P.O;, by country more than 65% P;O;, by country 
(Thousand metric tons and thousand dollars) (Thousand metric tons and thousand dollars) 
1983 1984 1983 1984 
Country | =. oOo Country JJ vv 
Quantity Value! Quantity Value! Quantity Value! Quantity Value 
Canada 124 3 520 Canada 39 8.680 62 14.633 
Colombia m 6 1,162 9 2061 USSR ... 730 214,810 719 186,400 
Germany, Other 73 13,677 73 14,480 
Federal Re- 
public of. a 7 1,827 54 13.397 Total 842 237.167 8354 215.513 
India .... 154 30,203 212 45,001 
Indonesia 109 28,368 95 20,465 ! All values f.a.s. (free alongside ship). 
Mexico 2) ‘ 21 4,051 
Turkey 54 13,459 140 25,612 Source: Bureau of the Census. 
U. S. S. R 9 2,925 m shied 
Venezuela. _ 37 6,865 100 23,322 
Other 2) 44 233 46,626 


Total 377 84,979 867 181,055 


1 All values f. a.s. (free alongside ship). 
2Less than 1/2 unit. 


Source: Bureau of the Census. 


Table 26.— U. S. exports of elemental phosphorus, by country 


1983 1984 
Country Quantity Value! Quantity Value! 
pude (thousands) Mosis (thousands) 

Argentina za mos Eu ³o V 8 (2) $2 MO Sees 
Belgium o en Eg PN PE mm E I i ene es 17 53 = mae 
Brazil 5 ate dd art tale de 7,438 13,347 3,270 $5,068 
Canada asa eaten tg ae Na hla Sod etn a lech de D pats 1,264 1,441 1,518 1,888 
U ³ĩ˙ ³o A T E 000 3,798 2, 300 2,816 
h ³ðͤ / ³ A ĩð2 aU mel teer es 8.985 13,926 5,776 9,647 
Korea, Republic ohalsse „„ „„ 761 1.051 496 752 
I ³˙;˙.à²./ r¹ m ͤ K Pee eS 22 47 19 78 
%%%%%%%%%C(0õöõͤͤͤ ] ld ree ala y er ae Ye e 168 232 793 986 
Other uen oce ð v ⁰ͥ⁰⁰⁰ydd d K 97 219 680 1.140 

77/öͤõ T yet ata es as 21,752 34,116 14,852 22,375 


1 All values f.a.s. (free alongside ship). 
2Less than 1/2 unit. 


Source: Bureau of the Census. 


Table 27.—U.S. imports for consumption of phosphate rock and phosphatic materials 
(Thousand metric tons and thousand dollars) 


1983 1984 
Fertilizer — SS . —— 
Quantity Value! Quantity Value! 
Phosphates, crude and apatite __________________-_-_ 9 1305 9 274 
Phosphatic fertilizers and fertilizer materials ___________ _ 36 3,622 119 7,536 
Dicalcium phosphatkkõ«.‚nnn 1 676 526 378 
Phosphorus ______________________. Lee 12.122 13.362 4,222 6,482 
Phosphoric acid ------------2----------—----——— T9.060 2,930 10,104 4,060 
Phosphoric acid, fertilizer graded „ (2) 169 1 380 
Normal superphosph att 2 277 1 141 
Triple superphosphate - e 9 1.272 9 1.029 
"Revised. 


1Declared customs valuation. 
2Less than 1/2 unit. 


Source: Bureau of the Census. 
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WORLD REVIEW 


World phosphate rock production increas- 
ed to an estimated 151 million tons to meet 
an improved international market. As the 
world economy improved, phosphoric acid 
industry sales, a good indicator of the state 
of the market for the phosphate industry, 
increased in 1983 over the low level of 1982. 
Although less than improvement in phos- 
phate rock production in those years, im- 
provement in phosphoric acid deliveries 
continued in 1984 as the market returned to 
relative stability. Over the past decade, 
trade in phosphoric acid steadily increased 
as producers of phosphate rock broadened 
their product spectrum and upgraded the 
value of their raw materials. 

Morocco was the world’s largest supplier 

of merchant-grade acid (MGA), and the 
United States was a close second. Other 
countries such as Belgium, Israel, Jordan, 
Senegal, the Republic of South Africa, 
Spain, and Tunisia had established MGA 
industries supplying Northwestern Europe, 
France, India, Italy, and the U.S.S.R. Be- 
cause MGA trade appeared to be advanta- 
geous to both producers and consumers, 
with cost savings anticipated in transporta- 
tion, plant construction, sulfur acquisition, 
and flexibility in supply to meet demand, 
MGA trade was expected to increase at the 
expense of trade in phosphate rock. 
. Algeria.—Production of phosphate rock 
from the Djebel Onk Mine, operated by 
Société Nationale de Recherches et d'Ex- 
ploitations Miniéres, was an estimated 1 
million tons, or similar to production during 
the past 3 years. About 50% of the rock 
produced was exported to Eastern and 
Western Europe, and the balance was do- 
mestically consumed or stockpiled. 

Australia.—The Duchess Mine of Queens- 
land Phosphate Ltd. remained closed. A 
small quantity of phosphate rock, estimated 
to be about 4,000 tons, was produced in 
South Australia, but because of its high iron 
and aluminum content, it could be used 
only in organic fertilizers for horticultural 
purposes. Studies of an apatite-bearing car- 
bonatite deposit west of Laverton, Western 
Australia, were continuing, but the evalua- 
tion was incomplete. 

Brazil.—Phosphate rock production in- 
creased tenfold since the 1970's. During the 
past 5 years, Brazil had become self-suffi- 
cient in phosphate rock. The largest phos- 
phate rock producing company in Brazil 
was Fertilizantes Fosfatados S.A. (FOSFER- 


TIL), followed by Fosfatos de Goiás S.A. and 
Serrana S.A. de Mineração. These three 
companies combined contributed more than 
3 million tons in 1984. FOSFÉRTIL had 
additional reserves in Paulista, Pernambu- 
co State, northeastern Brazil. Industria de 
Fosfatados Catarinense was evaluating a 
phosphate deposit in the area of Anitapolis, 
Santa Catarina State. 

China.—Production estimates of phos- 
phate rock show a progressive increase over 
the past 5 years. Estimated production in 
1984 was 11.8 million tons, and reserves 
were more than 200 million tons recover- 
able at a cost of less than $35 per ton. Re- 
cent phosphate discoveries were reported in 
Yunnan, Hubei, and Guizhou Provinces, 
where medium-sized phosphate mines were 
under construction. 

Christmas Island.—Phosphate rock was 
mined by the Government-owned Phos- 
phate Mining Co. of Christmas Island 
(PMIC). Demand from Australia and New 
Zealand for PMIC rock declined in recent 
years. Mining the estimated remaining 27.8 
million tons of high-grade rock was ex- 
pected to depend on PMIC operating profit- 
ably. 

Egypt.—The Hamrawein phosphate rock 
mine on the Red Sea started production at 
a rate of 200,000 tons per year and was 
planned to increase production to 600,000 
tons per year. The Abu Zaabal Mine at 
Sebaiya West, designed to produce 400,000 
tons per year, was being developed to re- 
place mines near Quseir and Safaga. Only 
limited progress was made at the much 
publicized Abu Tartur phosphate rock proj- 
ect in the Western Desert, where an experi- 
mental mine had been operating since 1980. 

Greece.—About 8 years ago, a phosphate 
deposit was discovered in the Epirus region 
of western Greece. Exploration showed the 
apatite deposit to have inconsistent charac- 
teristics that made the ore difficult to bene- 
ficiate. In 1984, plans were to mine the 
“Drymon IV” part of the deposit to produce 
200,000 tons per year of 28% P.O; concen- 
trates. If the studies continue to show eco- 
nomic and technical feasibility, a mine 
could be operating in 1986.? 

Israel.—The Israelis planned to increase 
phosphate rock production by optimizing 
the operation of the mines at Arad, Oron, 
and Zin. The closed Makhtesh Mine was 
expected to be restarted if demand for 
phosphate rock warrants additional produc- 
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tion. 

Jordan.—Phosphate rock was mined at 
Albyadd, El Hassa, and Rusaiffa with a 
combined capacity of 4.6 million tons per 
year. A substantial increase in mining pro- 
duction planned for 1984 that could in- 
crease total capacity to 6 to 7 million tons 
per year. The feasibility of producing an 
additional 3 million tons of phosphate rock 
per year by 1988 and 10 million tons per 
year by 2000 from the Shiddaya phosphate 
rock deposits near Maan was under study.? 

Mexico.—Roca Fosfórica Mexicana S.A. 
de C.V. had intended to start the San Juan 
de la Costa phosphate mine on the Baja 
California Sur and the Santo Domingo Mine 
in 1982 and, in so doing, attempt to make 
Mexico independent of phosphate rock im- 
ports by 1985. The San Juan de la Costa 
Mine actually started in 1981; however, the 
Santo Domingo Mine was delayed as the 
floating hydraulic-cutter dredges, with 27- 
inch-diameter suction heads, were unable to 
break the coquina formation, which is char- 
acteristic of much of the deposit. With 
subsequent problems at both mines, it was 
assumed that Mexican phosphate rock pro- 
duction would expand only moderately in 
the foreseeable future. 

Morocco.—The exact startup dates for 
the eight planned phosphoric acid lines of 
500 tons per day each at Jorf Lasfar, south 
of Casablanca, were not certain; however, it 
appeared that the first two lines would be 
on-stream in 1985 and the other lines would 
come on at intervals through 1989. In addi- 
tion, two 200,000-ton-per-year triple super- 
phosphate plants were planned to be con- 
structed at Jorf Lasfar after 1985. Phos- 
phate rock concentrate for the phosphoric 
acid and triple superphosphate plants was 
to be 70% to 71% bone phosphate of lime 
(BPL). The above planned capacity at Jorf 
Lasfar was in addition to existing capacity 
at Safi, where the combined phosphoric acid 
capacity of Maroc Chemie, Maroc Phos- 
phore I, and Maroc Phosphore II had been 
about 1,500 tons per day P.O;. Maroc Che- 
mie also had a 300-ton-per-day P.O; triple 
superphosphate plant. 

Pakistan.—A  200,000-ton-per-year phos- 
phate rock mine was planned to start pro- 
ducing in 1986 from the Kakul phosphate 
deposit in Pakistan's Northwest Frontier 
Province. The mine was being developed 
with capital and technical assistance by the 
Overseas Development Administration of 
the British Government.* 

Senegal.—The Taiba Mine capacity was 
increased to 1.2 million tons per year to 
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supply Industries Chimiques du Senegal. A 
693,000-ton-per-year sulfuric acid plant and 
a 264,000-ton-per-year P;O, phosphoric acid 
plant were constructed at Darou Khoudoss 
near the Taiba Mine. At M'bao, near Dakar, 
facilities were constructed to produce 
170,000 tons per year of triple superphos- 
phate and 80,000 tons per year of monoam- 
monium and diammonium phosphate. A 
deposit at Semuce near Matam in the 
Fleure region was under study as a poten- 
tial source of phosphate rock. 

Sri Lanka.—Phosphate rock production 
from the Eppawala deposit was planned to 
increase from 15,000 to 1 million tons per 
year to supply phosphate rock to proposed 
triple superphosphate and diammonium 
phosphate plants at East Coast Trincoma- 
lee. À joint venture partnership was formed 
between Agrico Chemical Co. and the State 
Mining and Mineral Development Corp. to 
accomplish the mine expansion and con- 
struct the fertilizer plant. However, the 
partners agreed to put the programs on 
hold until political differences in the coun- 
try are settled. 

Togo.—The Office Togolaise des Phos- 
phates was studying the feasibility of con- 
structing a 1,000-ton-per-day P.O, phosphor- 
ic acid plant and a 1,000-ton-per-day triple 
superphosphate plant at K’peme adjacent 
to the phosphate rock beneficiation facility. 
To supply both export demand and that 
from a new fertilizer complex, a new phos- 
phate rock mine at Dagbati would have to 
be developed to augment phosphate rock 
production from the Hahotoe-K'pogame 
deposit.5 

Tunisia.—Tunisia's Industries Chimiques 
de Gafsa started a new phosphoric acid 
plant and two triple superphosphoric gran- 
ulation units at M'Dilla, about 12 kilome- 
ters from the phosphate rock mines at 
Gafsa. Capacity of the complex was 158,000 
tons per year P.O; phosphoric acid, and 
each granulation unit’s capacity was 672 
tons per day.® 

U. S. S. R. — The mines in the Kola Peninsu- 
la produced about 18 million tons of phos- 
phate rock, or about 70% of total produc- 
tion, in the Soviet Union. Plans were to 
limit production to 19 million tons per year. 
Five mines in the Kara Tau Basin in south- 
ern Kazakhstan produced an estimated 10 
million tons of phosphate rock. An approxi- 
mate breakdown of the annual production 
from three of the mines was Chulak Tau, 2 
to 3 million tons; and Ak Say and Kok 
Dzhonc combined, 1 million tons.? 
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WORLD RESERVES 


The Bureau of Mines published Informa- 
tion Circular 8989, which reports the con- 
clusions of investigating the availability of 
phosphate rock from 201 phosphate mines 
and deposits in market economy countries 
and 17 mines and deposits in the U.S.S.R. 
and China.* 

A study of the worldwide availability of 


phosphate rock was made and published in 
the United Nations Natural Resources 
Forum.“ 

An analysis of phosphate rock resources 
in the United States, based on past esti- 
mates and recent available information, 
was published in U.S. Geological Survey 
Circular 888.10 


TECHNOLOGY 


Continuous flotation studies of dolomitic 
phosphate matrix from southern Florida 
were made by the Bureau of Mines to pro- 
duce an acceptable concentrate.!! 

Studies to develop processes to dewater 
slurries from processing operations were 
conducted by the Bureau of Mines.? A 
prototype unit using polyethylene oxide 
flocculant was operated at a number of 
phosphate mines in Florida to accelerate 
the dewatering of phosphatic clay wastes. In 
all cases, with or without additional addi- 
tives to cope with various clay characteris- 
tics, initial dewatering to at least 20% solids 
was achieved. 

The Bureau of Mines obtained high re- 
covery of P.O; from plus 37- and plus 20- 


micrometer-size fractions of settled phos- 


phatic clay wastes." The flotation studies 
showed that an 89% P.O; concentrate could 
be recovered from the plus 37-micrometer 
flotation feed at a grade of 21.9% P.Os. A 
29% P.O; concentrate, which is below com- 
mercial specifications, was produced from 


the plus 37-micrometer feed material by 
eliminating sodium silicate in the rougher 
float; however, the P.O; recovery dropped to 
56.7% of the flotation feed. 


1Physical scientist, Division of Industrial Minerals. 

?Industrial Minerals (London). No. 198, Mar. 1984, p. 12. 

3European Chemical News. V. 42, No. 1124, Mar. 26, 
1984, p. 21. 

*Mining Magazine. June 1984, p. 515. 

European Chemical News. V. 42, No. 1132, May 21, 
1984, p. 26. 

$.— ——. V. 43, No. 1149, Oct. 22, 1984, p. 13. 

"Phosphorus and Potassium. No. 133, Sept.-Oct. 1984, 
pp. 22-25. 

5Fantel, R. A., T. F. Anstett, G. R. Peterson, K. E. Porter, 
and D. E. Sullivan. Phosphate Rock Availability—World. 
A Minerals Availability am Appraisal. BuMines IC 
8989, 1984, 65 pp. 

?Fantel, R. A., G. R. Peterson, and W. F. Stowasser. The 
Worldwide Availability of Phosphate Rock. Nat. Resour. 
Forum, v. 9, No. 1, Jan. 1985, 20 pp. 

IO Cathcart, J. B., R. P. Sheldon, and R. A. Gulbrandsen. 
Phosphate Rock Resources of the United States. U.S. Geol. 
Surv. "Circ. 888, 1984, 48 pp. 

“Davis, B. E, T. O. Llewellyn, and C. W. Smith. 
Continuous Beneficiation of Dolomitic Phosphate Ores. 
BuMines RI 8903, 1984, 14 pp. 

12Scheiner, B. J., A. G. Smelley, and D. R. Brooks. Large- 
Scale Dewatering of Phosphatic Clay Waste From Central 
Florida. BuMines RI 8611, 1982, 11 pp. 

3Jordan, C. E., C. W. Smith, G. V. Sullivan, and B. E. 
Davis. Recovery of Phosphate From Florida Phosphate 
Operations Slimes. BuMines RI 8731, 1982, 13 pp. 
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Platinum-Group Metals 


By J. Roger Loebenstein! 


World mine production of platinum-group 
metals (PGM) increased to 7.1 million troy 
ounces in 1984. World mine production of 
the principal metals of the group, platinum 
and palladium, increased to 2.9 million 
ounces and 3.5 million ounces, respectively. 
The Republic of South Africa remained the 
leading producer of platinum, and the 
U.S.S.R. remained the leading producer of 


palladium. 

Demand for platinum in market economy 
countries increased to 2.6 million ounces, 
and demand for palladium in these coun- 
tries increased to 3.3 million ounces. 

Domestic Data Coverage.— Domestic pro- 
duction data for PGM are developed by the 
Bureau of Mines from a voluntary survey of 
U.S. refiners. Of the 48 operations to which 


Table 1.—Salient platinum-group metals! statistics 
(Thousand troy ounces unless otherwise specified) 


1980 1981 1982 1983 1984 
United States: 
Mine productionn]uWũ¶ 7 8 6 15 
I.. Ls thousand dollars. _ $923 $1,571 $1,278 $1,133 $2,607 
Refinery production: 
Primary refine -------------- 3 7 9 9 24 
ondary: 
Nontoll-refined ______________ 331 392 344 1303 339 
Toll refined - ------------ 1.079 1.191 868 995 1.157 
Total refined metall 1,413 1,590 1,221 71,307 1,520 
Stocks, yearend: 
Industry (refined) 973 918 1,107 943 1,297 
National Defense Stock pile: 
Finn aes 453 453 453 453 453 
Palladiuimd 1.255 1.255 1.255 1.255 1.262 
ieh, 17 17 21 128 30 
Exports: 
F((öĩ⁊ĩAĩ9?ĩeͤ? 592 651 439 446 597 
/ ³Üð⁴iÜ¹ꝛͥA ⁰⁰ beds 765 863 836 1.229 1.162 
Imports for consumption: 
RNefindsd‚‚‚‚‚d ee ees ee 3,109 2,611 2,150 2,790 3,928 
1111111! ³ eer LU ae Oe 3,502 2,850 2,494 3,218 4,474 
Imports, general 3,772 3,191 2,494 3,218 4,485 
Consumption (reported sales to industry) _ _ _ _ 2,206 1,921 1,873 1,914 2,469 
Consumption, apparent 72,640 72414 11,871 12,810 3.322 
Net import reliance? as a percent of apparent 
consumption 87 83 81 89 89 
Price, producer, average, per ounce: 
Eatmwnmnmdd hmcwaSC $439 $475 $475 $475 $475 
Palladium $214 $130 $110 $130 $147 
World: Mine production 6,848 6,931 6,424 P6,524 €7,053 


*Estimated. Preliminary. ‘Revised. 


The platinum group comprises six metals: platinum, palladium, iridium, osmium, rhodium, and ruthenium. 


2Byproduct of copper refining. 


Includes 7,200 ounces purchased in 1984, but not added to inventory in that year. 
“Includes 2,400 ounces purchased in 1983 and 1,800 ounces purchased in 1984, but not added to inventory in those years. 


Includes both unwrought and semimanufactured. 


$Mine production plus nontoll-refined production plus refined imports for consumption minus refined exports plus or 


minus changes in Government and industry stocks. 


7Refined imports for consumption minus refined exports plus or minus changes in Government and industry stocks. 
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a survey request was sent, 6995 responded, 
representing an estimated 97% of the total 
refined metal production shown in tables 1, 
2, and 9. Production of refined metal for the 
15 nonrespondents was estimated using re- 
ported prior year production levels. 
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Legislation and Government Pro- 
grams.—The General Services Administra- 
tion purchased 1,800 ounces of iridium and 
7,200 ounces of palladium for the National 
Defense Stockpile in the fourth quarter of 
1984. 


DOMESTIC PRODUCTION 


ASARCO Incorporated, Kennecott, and 
U.S. Metals Refining Co. produced platinum 
and palladium as byproducts of copper re- 
fining. Secondary metal was refined by 
about 20 firms, mostly on the east and west 
coasts. Most PGM scrap was refined on a 
toll basis. The largest scrap processors in 
the United States were the Specialty Metals 
Div. of Engelhard Corp. (formerly Engel- 
hard Minerals and Chemicals Corp.), John- 
son Matthey Inc., and U.S. Metals. 

Texasgulf Minerals and Metals Corp. 
announced plans to extract PGM from 
spent automobile catalytic converters and 
petroleum reforming catalysts. The compa- 
ny's new plasma arc smelting plant, located 


in Anniston, AL, will process about 7 mil- 
lion pounds of catalyst per year at full 
capacity.? 

A leading fabricator and refiner of pre- 
cious metals, Engelhard, was reorganized 
into Specialty Chemicals Div., for catalyst 
production, and Specialty Metals Div., for 
refining and fabricating of precious metals. 
Refining operations at Engelhard’s Delancy 
Street refinery, which has been curtailed 
since mid-1982, were resumed.? 

Nassau Recycle Corp., Gaston, SC, a sub- 
sidiary of AT&T Technologies Inc. was re- 
named AT&T Nassau Metals Corp. The 
company owns a precious metals refinery 
on Staten Island, NV.“ 


Table 2.—Platinum-group metals refined in the United States 


(Troy ounces) 
Platinum Palladium Iridium Osmium Rhodium e . Total 
PRIMARY METAL 
Nontoll-refined: 
190000 535 1.765 ae x "E T 2,300 
1981. . 2 = = L 1,005 4,602 eo "o Ec m 5,607 
1082 nem 8 947 6,131 m" — M mee 7,078 
„p 8 879 5,005 i PM LL E 5,884 
DL oa ee os 1,430 13,003 Ll 9 DM CM 14,433 
Toll-refined: 
I9BU Soon not cnr c cms ET 128 673 NN UM = T 801 
198l L 2222222222- 235 934 nm MM "S — 1,169 
eee N 434 1,421 es aon a ae 1,855 
1 5 REM 1,150 2.026 LL M" "m 3,176 
1984 22222222- 1,153 4,895 1,000 250 PE 2,000 9,298 
SECONDARY METAL 
Nontoll-refined: 
I ˙ eec 154,075 162,408 3,186 13 10,106 1,135 330,923 
! rnt. rivum 187,883 185,764 3,318 64 11,317 3,291 391,637 
1982 -. 8 190,249 139,286 2,896 Lu 11,302 427 344,160 
1983 eo 8 118,579 "177,816 2,357 3,663 750 "303,165 
199 8 89,660 243,324 735 27 3,568 2,047 339,361 
Toll-refined: 
hoh ts ees 533,101 498,905 4,933 1,371 33,362 1,340 1,079,012 
II/ AA 520,717 607,397 1,826 1,865 34,870 18,471 1,191,146 
e rote a 393,832 430,564 10,108 885 26,693 6,301 868,383 
1983. = 5 x f 433,700 456,732 5,820 925 41,624 55,788 994,589 
1984 L 22222-2- L 524,158 568,489 7,826 49 37,584 19,288 1,157,394 


See footnote at end of table. 
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Table 2.—Platinum-group metals refined in the United States —Continued 


(Troy ounces) 
Platinum Palladium Iridium Osmium Rhodium Rute Total 

1983 TOTALS 
Total primar 2,029 7,031 PM Ds =s zs 9,060 
Total secondary __________-_ 552,279 "634,548 — '8,177 925 45,287 56,538 11,297,754 
Grand total _________ 554,308 ™641,579 78,177 925 45,287 56, 538 71,306,814 

1984 TOTALS 
Total primary |... 2,583 17,898 1,000 250 AR 2,000 23,731 
Total secondary ___________ 613,818 811,813 8,561 76 41.152 21,335 1,496,755 
Grand total 616,401 829,711 9,561 326 41,152 23,335 1,520,486 

TRevised. 


CONSUMPTION AND USES 


PGM were used principally in catalysts 
for the control of automobile and industrial 
plant emissions; in reforming catalysts used 
to upgrade the octane rating of gasolines; in 
catalysts used to produce acids, organic 


chemicals, and pharmaceuticals; in electri- 
cal contacts; in capacitors; in conductive 
and resistive films used in electronic cir- 
cuits; and in dental alloys used for making 
crowns and bridges. 


Table 3.—Platinum-group metals! sold to consuming industries in the United States 


(Troy ounces) 
; ; Palla- «3: ; i Ruthe- 

Year and industry Platinum dium Iridium Osmium Rhodium nium Total 
I- tec 1,118,231 911,967 23,584 819 13,528 77,781 2., 205, 910 
I!! a DE. oer ere 872,639 889,186 8,416 663 62,110 87,658 | 1,920,672 
1) eee 180,146 926,304 10,600 1,358 49,915 104,930 1,873,253 
1983: 

Automotive 508,499 172,050 43 PN 19,734 TE 700,326 
Chemical - --—---------- 65,369 39,892 r592 356 73,985 154,968 "165,162 
Dental and medical 716,744  '343,519 134 1,033 173 231 7361,840 
Electrical! 774,116 F250,059 1,014 M 18,471 171,249 405,509 
GG%»«%§;q K ete 14,903 146 EN 2,033 ae 17,117 
Jewelry and decorative 10,327 6,711 787 S 2,248 892 20,965 
Petroleum 38,030 49,870 1,040 Me ce 180 89,120 
Miscellaneous 68,128 59,582 1,378 oe 7,581 17,251 153,920 

Total- ------------ "196,716 921,829 15,023 1.389 44,225 144,777 1,913,959 

1984: 

Automotive? |. e 122,000 286,000 217 ES 63,000 1,035 1,072,252 
Chemical!!! 13,496 18,600 135 10 4,631 24,74 182,215 
Dental and medical 18,644 347,043 381 1,062 427 367,619 
Electrical ~__________ _ 98,925 389,070 1,51 a 9,023 54,114 552,646 
G bou 12,184 10 e 2,941 15,241 
Jewelry and decorative 9,280 5,884 1,173 EE 1,238 165 18,340 
Petroleum 28,045 92, 134 ake € 11 600 120,790 
Miscellaneous - s 66,154 57,134 2,991 et 6,666 7,211 140,156 

el 1,028,728 1,255,875 7,117 1.072 87,937 88,530 2,469,259 

r Revised. 


1Comprises primary and nontoll- refined secondary metals. 


Platinum, palladium, and rhodium sales to the automotive industry are estimated based on purchases by the major 


U.S. automobile manufacturers. 
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STOCKS 


In addition to the reported stocks held by 
refiners, importers, and dealers, end users 


of PGM held sizable quantities of PGM that 
were not reported to the Bureau of Mines. 


Table 4.—Refiner, importer, and dealer stocks of refined platinum-group metals! 
| in the United States, December 31 


(Troy ounces) 


Year Platinum Palladium 
80000900 oe eee 502,185 353,002 
I98I- lm Se et 401,389 398,933 
198329 8 04, 632 384,184 
1983 uo sor umet Lima 1433,451 1412,178 
1984 s ee 647,875 505,237 

Revised. 


ae : r Ruthe- bs 
Iridium Osmium Rhodium nium Total 
15,032 200 46,105 56,13 973,261 
16,819 31 43,355 51,645 918,178 
13,348 138 40,562 63,764 1,106,62 
116,944 489 151,107 728,973 1943,148 
19,603 1,302 51,889 : 


‘Includes metal in depositories of the New York Mercantile Exchange (NYMEX); on Dec. 28, 1984, this comprised 
285, udi troy ounces of platinum and 66,900 troy ounces of rpa agrum. 


PRICES 


Whereas dealer prices for both platinum 
and palladium changed little, dealer prices 
for other PGM increased sharply. Rhodium 
prices increased reportedly because of high- 
er demand for automobile catalysts. 

In January, the Tokyo Gold Exchange 
introduced trading of platinum and silver 
futures contracts. The contract size for plat- 
inum was 500 grams (16 troy ounces).5 

Similarly in July, the U.S. Commodi- 
ty Futures Trading Commission approved 
trading of 25-troy-ounce platinum futures 
contracts. Trading began in August on the 
MidAmerica Commodity Exchange in Chi- 
cago. Contract specifications called for plate 
or ingot containing at least 99. 926-pure 
platinum. Smaller firms, including mer- 
chants and scrap dealers, used the Mid- 


America Exchange, and industrial users 
continued to dominate trading on the New 
York Mercantile Exchange (NYMEX).* 

In June, the NYMEX increased the mini- 
mum purity requirement for palladium con- 
tracts from 99.8% to 99.9%. The minimum 
purity requirement for platinum contracts 
remained 99.995. NYMEX trading volume 
in futures contracts for 1982 through 1984 is 
shown in the following tabulation: 


Platinum! Palladium? 


1982 aan le E a oe ud 669,024 63,829 
DOB ks etal oce 1,053,282 241,224 
II ees 571,127 159,019 


150 troy ounces per contract. 
2100 troy ounces per contract. 
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Table 5.—Average producer and dealer prices! of platinum-group metals 


(Dollars per troy ounce) 
Platinum Palladium Rhodium Iridium Ruthenium Osmium 
Pr Pr Pr Pro- r Pro- 
dise Dealer ducs Dealer phe Dealer dade Dealer iti Dealer 88 Dealer 
111 439 677 214 201 766 729 505 666 45 35 150 130 
|) ae 475 446 130 95 641 498 600 529 45 32 150 130 
INE ndi. 415 327 110 67 600 323 600 359 45 26 137 130 
1983: 
January 475 461 130 125 600 266 600 285 45 25 110 130 
February 475 465 130 125 600 283 600 285 45 25 110 130 
March 475 402 130 102 600 294 600 316 45 26 110 130 
April ... 415 414 130 120 600 295 600 300 45 26 110 130 
— 475 447 130 131 600 304 600 300 45 26 110 130 
June 475 423 130 133 600 323 600 304 45 26 110 130 
SUV Lu 415 435 130 146 600 319 600 305 45 26 110 130 
A E s 415 435 130 148 600 334 600 317 45 29 110 135 
September 475 429 130 151 600 311 600 323 45 29 110 135 
October 475 394 130 142 600 37 600 325 45 32 110 135 
November 475 385 130 146 600 334 600 325 45 34 110 136 
December. 475 393 130 164 600 339 600 325 45 37 110 136 
Average 475 424 130 136 600 312 600 309 45 28 110 132 
1984: 
January 475 377 130 157 600 346 600 331 45 45 (3) 140 
February 415 389 130 160 600 354 600 345 45 55 (3) 140 
March... 415 399 150 161 600 382 600 350 45 62 (3) 151 
April ___ 415 392 150 160 600 468 600 391 45 63 (3) 179 
May 475 386 150 155 600 551 600 439 45 65 (3) 212 
June. . 415 381 150 153 600 655 600 468 45 80 (3) 364 
July 475 341 150 138 600 687 600 496 (3) 152 (3) 420 
August 475 338 150 137 600 721 600 483 (3) 145 2) 432 
September 475 326 150 138 600 717 600 468 (3) 143 (3) 692 
October 475 324 150 138 600 759 600 438 (3) 137 2) 873 


November 475 327 150 146 750 799 600 424 (3) 134 (2) 900 
December 475 303 150 134 750 846 600 449 3) 155 2) 900 


Average 475 357 147 148 625 607 600 424 (3) 103 2 455 


Average prices calculated at the low end of the range and rounded to the nearest dollar. 
2 Producer price suspended on Jan. 13, 1984. 
Producer price suspended on June 7, 1984. 


Source: Metals Week. 


FOREIGN TRADE 


The major sources for imports of PGM, in U.S. S. R. The major recipients of exports, in 
declining order, were the Republic of South declining order, were the United Kingdom, 
Africa, the United Kingdom, and the Japan, and Belgium-Luxembourg. 
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Table 8.—Estimated U.S. imports of platinum and palladium, by country! 


(Thousand troy ounces) 


3 308 300 242 391 
3 Uae E See 305 411 568 824 


731 
Platinum Palladium 
1983 1984 1983 1984 


626 1,043 409 587 
2 


1262 1,774 1,611 72,296 


1This table is based on the figures shown in table 7. Estimates are based on the explicit categories of platinum and 
palladium plus estimates of the metal content in the following categories: unspecified combinations, ores, sweepings, 


waste and scrap, and materials not elsewhere specified. 


2Data do not add to total shown because of independent rounding. 


WORLD REVIEW | 


PGM were mined in 10 countries in 1984. 
The Republic of South Africa and the 
U.S.S.R. together accounted for 94% of 
world mine production. Three companies in 
the Republic of South Africa produced PGM 
from platinum ores; the U.S.S.R. and two 
companies in Canada produced PGM from 
nickel-copper deposits. 

Germany, Federal Republic of.—Degussa 
AG, a large refiner and producer of precious 
metal chemicals, increased production of 
automobile catalytic converters at its plant 
in Rheinfelden from several hundred thou- 
sand to 3 million per year. With each 
converter containing 0.03 to 0.05 troy ounce 
of platinum, the expansion reportedly in- 
creased Degussa’s consumption of platinum 
by between 100,000 and 130,000 ounces per 
year. The company’s decision to expand 
production followed the Federal Republic of 
Germany’s decision to require catalysts in 
new larger cars by January 1, 1988, and in 
all new cars by January 1, 1989, and to offer 
financial incentives to purchasers of new 
catalyst-equipped cars after July 1, 1985.8 

Japan.—Imports totaled about 1.2 million 
ounces of platinum, primarily from the 
Republic of South Africa, and about 1.3 
million ounces of palladium, primarily from 
the U.S.S.R. Imports of both metals increas- 
ed sharply from the amounts reported in 
1983.5 

Consumption of platinum in jewelry uses 
and consumption of palladium in electrical 
uses increased in 1984. Estimated consump- 


tion of platinum and palladium in Japan, 
in thousand troy ounces, was reported as 
follows: 


Palladium 


Platinum 

Automotive m 160 100 
Chemical 120 400 
Dental NN 210 
Electrical 160 650 
Jewelr r 580 60 
Miscellaneous! 170 10 

Total! 1,180 1,420 


1Glass is included with Miscellaneous“ category for 
platinum. 

2Data do not add to totals shown because of independent 
rounding. 


Source: Sumitomo Corp. 


South Africa, Republic of.—Western 
Platinum Ltd. (Wesplat), the third largest 
platinum producer in the Republic of South 
Africa, announced that it was planning to 
complete construction in 1986 of a base 
metals refinery at a cost of $13 million. 
Currently, Wesplat ships matte to Norway 
for toll refining at Falconbridge Ltd.'s Kris- 
tiansand plant, where residues containing 
precious metals are returned for refining at 
Wesplat's Lonrho Brakpan refinery. The 
new base metals refinery is to be located at 
Wesplat's mine, near Rustenburg, Trans- 
vaal. Because shipping of mattes would no 
longer be necessary, the refinery was ex- 
pected to save both time and money in 
refining copper, nickel, cobalt, and precious 
metals." 


732 


Impala Platinum Holding (Pty.) Ltd. in- 
creased production of platinum during the 
second half of 1984, in response to improve- 
ments in U.S. demand for platinum, primar- 
ily from the automotive industry.'? 

United Kingdom.—Matthey Rustenburg 
Refiners Ltd.’s PGM refinery in Royston, 
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owned by Johnson Matthey PLC and Rus- 


tenburg Platinum Mines Ltd., was damaged 
in a fire in April. Shipments from the plant 
were halted but resumed later in the year. 
The fire was partially responsible for caus- 
ing the price of rhodium to increase and 
temporarily disrupting supply.'? 


Table 9.—Platinum-group metals: World production, by country! 


(Troy ounces) 
Country? 1980 1981 1982 1983P 1984 
Australia, metal content, from domestic 
nickel ore:? 
Fele Rue 10,545 12,896 13,379 *12,000 12,000 
Pai: mme 2,058 2,093 2,988 e1900 2,000 
Canada: Platinum-group metals from nickel ore _ _ 410,757 382,658 228,425 223,925 4348, 216 
Colombia: Placer platinum 14,345 714,804 11,886 10,303 10,000 
Ethiopia: Placer platinum? |... *113 125 125 125 125 
Finland: 
Palladium__________________-___- 675 1,993 4,662 2,283 2,200 
n . rmt 225 1,608 4,147 2,186 2,000 
Japan, metal from nickel-copper ores:* | 
Palladium_____________________-~- 28,968 25,748 27,862 37,122 35,000 
Platinum: uu Os eee meris ee 12,366 10,521 15,411 21,460 20,300 
South Africa, Republic of: Platinum-group metals 
from platinum ore? $L _____—.—---------—- 3,100,000 3,110,000 2,600,000 2,600,000 2,900,000 
U.S.S.R.: Placer platinum and platinum-group j 
metals recovered fom nickel-copper ore s 3,250,000 3,350,000 3,500,000 3,600,000 3,700,000 
United States: Placer platinum and platinum- 
group metals from gold- copper ores 3,348 7,318 8,033 6,257 414,635 
Yugoslavia: | 
alladium . ie Meque 4,501 3,119 €3,000 *2,900 3,000 
Platinum eee 418 482 *480 *400 350 
Zimbabwe: 
Palladium “ſh,,, uiis Ce 6,784 5,200 2,765 r €2 000 2,000 
FH Ee Eee re 2,990 2,300 1,704 r €1,200 1,200 
C 6,848,093 76,930,865 6,424,261 6,524,061 1,053,026 
*Estimated. Preliminary. ‘Revised. m 


"Table includes data available through May 14, 1985. Platinum-group metal production by the Federal Republic of 
Germany, Norway, and the United Kingdom is not included in this table because the production is derived wholly from 
imported metallurgical products and to include it would result in double counting. 

In addition to the countries listed, China, Indonesia, Papua New Guinea, and the Philippines are believed to produce 
platinum-group metals, and several other countries may also do so, but output is not reported quantitatively, and there is 
no reliable basis for the formulation of estimates of output levels. However, a part of this output not specifically reported 
by country is presumably included in this table credited to Japan. (See footnote 5.) 

Partial figure; excludes platinum-group metals recovered in other countries from nickel ore of Australian origin; 
however, a part of this output may be credited to Japan. (See footnote 5.) 

*Reported figure. 

Japanese figures do not refer to Japanese mine production, but rather represent Japanese smelter-refinery recovery 
from ores originating in a number of countries; this output cannot be credited to the country of origin because of a lack of 
data. Countries producing and exporting such ores to Japan include (but are not necessarily limited to) Australia, 
Canada, Indonesia, Papua New Guinea, and the Philippines. Output from ores of Australian, Indonesian, Papua New 
Guinean, and Philippine origin are not duplicative, but output from Canadian material might duplicate a part of reported 


Canadian production. 
Includes osmiridium produced in gold mines. 


TECHNOLOGY 


Johnson Matthey Chemicals Ltd., a divi- 
sion of Johnson Matthey PLC, of the United 
Kingdom, tested the durability of a three- 
way PGM catalyst on a vehicle traveling 
50,000 miles at high speeds. The test was 
conducted in preparation for the introduc- 
tion of catalysts in 1989 on all new automo- 
biles produced in the Federal Republic of 
Germany. Since speed limits are higher in 


Europe than in the United States, the new 
European catalysts must be designed to 
withstand temperatures of 950° C to 1,000° 
C for prolonged periods. The test catalyst 
used was specifically designed for high- 
temperature operation and contained plati- 
num and rhodium in the ratio of 5 to 1, 
deposited on a ceramic monolith support. 


The results ot the test showed that emis- 
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sions could be reduced below U.S. 1983 
model year limits. 

The technology used for controlling auto- 
mobile emissions of hydrocarbons and car- 


bon monoxide was applied to reducing pol- 


lution from woodburning stoves. A catalyst 
consisting of platinum metal dispersed on a 
ceramic honeycomb support was used to 
reduce the temperature at which combus- 
tion of the smoke components inside the 
stove occurred, thus allowing them to 
be burned. The use of a catalyst in wood- 
burning stoves was claimed to reduce the 
amount of wood consumed by 30%, as well 
as lessen the possibility of a chimney fire 
caused by the accumulation of creosote." 

Workers at the Ibaraki Electrical Com- 
munication Laboratory in Japan reported 
improvement in the magnetic properties of 
sputtered iron oxide used in magnetic re- 
cording tapes when osmium was used as an 
additive. 

A process that employs vacuum technolo- 
gy to apply thin coatings, called sputtering, 
has reportedly overcome many of the previ- 
ous difficulties in working ruthenium. The 
process is particularly useful for electric 
and electronic applications. Elec-Trol Corp. 
reported that sputtered ruthenium func- 
tioned better than rhodium in dry-reed 
relays. Elec-Trol stated that ruthenium con- 
tacts do not stick and that ruthenium offers 
stable contact resistance, in addition to 
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being far cheaper than rhodium.’” 


Physical scientist, Division of Nonferrous Metals. 

2International Precious Metals Institute. Precious Met- 
als News and Review. Texasgulf Minerals and Metals To 
Recover Platinum From Automotive Catalysts. V. 8, No. 
10, Oct. 1984, p. 6. 

3Metal Bulletin Monthly. Engelhard's New Approach. 
No. 162, June 1984, pp. 65-69 

*American Metal Market. Nassau Recycle Renamed 
AT&T Nassau Metals with Lewallen New President. 
V. 92, No. 66, Apr. 4, 1984, p. 2. 

5Furukawa, T. Tokyo Exchange Pioneers 3 Precious 
Metals Trade. Am. Met. Mark., v. 92, No. 23, Feb. 2, 1984, 


p. 6 
SBurgert, P. Success Seen for MidAm's Half-Sized Plati- 
num Pact. Am. Met. Mark., v. 92, No. 189, Sept. 27, 1984, 
. 9. 


"International Precious Metals Institute. Precious Met- 
als News and Review. V. 8, No. 6, June 1984, p. 6. 

5Chemical Week. A German Expansion in Catalytic 
Converters. V. 135, No. 14, Oct. 3, 1984, p. 18. 

?Endo, Y. (Sumitomo Corp., NY). Private communica- 
tion, 1985; available upon request from J. R. Loebenstein, 
BuMines, Washington DC. 

10Sumitomo Corp. Precious Metals Market in Japan. 
15th ed., Feb. 1985, 18 pp. 

IiEngineering and Mining Journal. South Africa 
Construction of a $13.1 Million Base Metal Refinery. Aug. 
23, 1984, p. 107. 

128alk, J. Impala Lifts Platinum Production. Am. Met. 
Mark., v. 92, No. 184, Sept. 20, 1984, pp. 1, 8. 

13Metals Week. Platinum Refining Halted at Royston 
Refinery. V. 55, No. 17, Apr. 23, 1984, p. 2 

1 Wilkins, A. J. J. High Temperature Durability Trial— 
Three-Way Platinum Metals Catalyst Completes 50,000 
Miles At Maximum Vehicle Speed. Platinum Met. Rev., 
v. 28, No. 4, Oct. 1984, pp. 174-176. 

ISPlatinum Metals Review. Combustion in Wood- 
Burning Stove—Platinum Catalyst Increases Thermal Ef- 
ficiency and Greatly Reduces Pollution. V. 28, No. 3, July 
1984, pp. 115-116. 

6_____. Osmium Doping Improves Recording Media 
Thin Films Have High Coercivity And Coercive Square- 
ness. V. 28, No. 3, July 1984, p. 116. 

l7International Precious Metals Institute. Precious Met- 
als News and Review. The Low Cost and Non-Stick 
Properties of Ruthenium Make It a Substitute for Rho- 
dium in Dry-Reed Relays. V. 8, No. 4, Apr. 1984, p. 9. 
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Potash 


By James P. Searls? 


U.S. potash production and apparent con- 
sumption in terms of potassium oxide (K: O) 
equivalent increased in 1984. Production 
during the second half of 1984 was less than 
that of the first half, because a mine was 
closed for a month, but was more than in 
the second half of 1983, when three mines 
had been closed for extended periods. Sales 
and prices increased in comparison with 
those of 1983, and yearend stocks decreased. 
The United States continued to be a net 
importer of potash; net import reliance as a 
percentage of apparent consumption was 
74%. Canada provided an amount equal to 
73% of the domestic apparent consumption. 


U.S. exports increased substantially, partic- 
ularly to Brazil and Mexico, both of which 
had received credit guarantees by the U.S. 
Department of Commerce. 

The domestic potash producer at the 
Great Salt Lake in Utah ceased production 
for an indefinite period when the rising lake 
breached the main dike and flooded many 
of the solar evaporation ponds. One Carls- 
bad, NM, firm was closed temporarily dur- 
ing the year to decrease inventories. Two 
New Mexico producers petitioned the U.S. 
Government to levy import duties on potash 
imports from four countries. 


Table 1.—Salient potash’ statistics 


(Thousand metric tons and thousand dollars unless otherwise specified) 


1980 1981 1982 1983 1984 
United States: 
Frodlueti sss ee 4,315 4,153 3,366 2,770 3,039 
K20 equivalent 2,239 2,156 1.784 1,429 1,564 
Sales by producers 4,265 3,670 3,387 2,950 3,184 
K20 equivalent v bela la 2,217 1,908 1,784 1,513 1,639 
I.. é $353,900 $328,900 $265,600 $220,800 $241,800 
Average value per ton of product 
dollars $82.98 $89.62 $18.42 $74.85 $75.95 
Average value per ton of K20 equivalent 
do. __ $159.63 $172.40 $148.87 $145.97 $147.55 
Export sz... 1.584 887 952 564 836 
K20 equivalent JJ ct Barn he ee te tae ea! 840 491 519 300 446 
r.. a ce $179,830 $107,950 $93,200 $55,760 $85,660 
Imports for consumption? 8.19 7, 6,338 7,3 7,948 
K320 equivalent 4,972 4,7 3, 4,440 4,829 
Customs value $648,000 $750,400 $575,400 600 $658,100 
Apparent consumption |... h 10,874 10,686 8,113 9,708 10, 
K320 equivalent 6.349 6.213 5.123 5,653 6,022 
Yearend producers’ stocks, K20 equivalent 273 520 520 r 7891 312 
World: Production, marketable K2O equivalent 27,857 127,079 24,665 P21,426 *28,638 


*Estimated. Preliminary. ‘Revised. 


1Includes muriate and sulfate of potash, potassium magnesium sulfate, and some parent salts. Excludes other chemical 


compounds containing potassium. 
2F. 0. b. mine. 
SExcludes potassium chemicals and mixed fertilizers. 
F. a. s. U. S. port. 
Includes nitrate of potash. 
9$Measured by sales plus imports minus exports. 
Inventory adjustment of minus 46,000 tons. 
5[nventory adjustment of minus 4,000 tons. 
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Domestic Data Coverage.—Domestic pro- 
duction data for potash are developed by the 
Bureau of Mines from a voluntary semian- 
nual survey of U.S. operations. Of the 10 
operations to which a survey request was 
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sent, all responded, representing 10096 of 
the total production shown in table 1. The 
temporarily closed plants reported begin- 
ning stocks, sales, and ending stocks. 


DOMESTIC PRODUCTION 


Domestic K,O production rose 9% in 
1984, for a recovery with a very small price 
rise following 2 dismal years. In 1982, an 
unprofitable potash mine had been closed 
permanently, and in 1983, a second mine 
had closed for an extended period. In addi- 
tion, a small brine operation had closed 
temporarily for weather-related reasons in 
1988, as did a second larger brine operation 
in 1984. In 1984, three operating mines and 
the closed mine were known to be for sale. 
Of the total production for the year, 79% 
was standard, coarse, or granular muriate 
of potash, also known as potassium chloride, 
and 7% was sulfate of potash, also known as 
potassium sulfate. The remaining produc- 
tion comprised manure salts, soluble and 
chemical grades of muriate of potash, and 
sulfate of potash-magnesia or potassium- 
magnesium sulfate. The New Mexico pro- 
ducers accounted for 89% of the total mar- 
ketable salts production. New Mexico crude 
salt mine production was 13.1 million met- 
ric tons with an average KO content of 
13.0%, a slight rise from that of 1983. 

Five companies produced potash in New 
Mexico from underground, bedded sylvinite 
and langbeinite deposits east of Carlsbad. 
The companies were AMAX Chemical Corp. 
of AMAX Inc.; Duval Corp. of Pennzoil Co. 
Inc.; International Minerals & Chemical 
Corp. (IMC); Kerr-McGee Chemical Corp. of 
Kerr-McGee Corp.; and Potash Co. of Amer- 
ica (PCA) of Ideal Basic Industries Inc. All 
companies produced at reduced levels but 
were on normal schedules for the year until 
December when AMAX Chemical tempo- 
rarily closed in response to low prices. At 
yearend, the Mississippi Chemical Corp. 
sylvinite mine and mill, which had been 
closed since January 1983, the AMAX 
Chemical sylvinite mine and mill, the Kerr- 
McGee Chemical sylvinite mine and mill, 
and the Duval langbeinite mine and mill 
were for sale. Sylvinite ore was used for 
muriate of potash production and langbein- 
ite, for sulfate of potash-magnesia. IMC 
mined both ores and reacted muriate of 
potash with sulfate of potash-magnesia to 


produce sulfate of potash. 

Sulfate of potash was produced at two 
Texas plants, one operated by Permian 
Chemical Corp. and one by PCA. Permian 
reported production of about 16,000 tons,? 
K,O equivalent, from its Mannheim fur- 
naces using muriate of potash and sulfuric 
acid, but this datum was not included in 
Bureau of Mines statistics because Permian 
was not a mining firm. The PCA plant 
produced sulfate of potash from Hargreaves 
furnaces using muriate of potash and sulfur 
dioxide; that production was reported and 
treated as if it were in New Mexico because 
PCA had mined the potash feed in New 
Mexico. Both firms sold the byproduct hy- 
drochloric acid to the Texas petroleum in- 
dustry for well acidification. 

Two companies were producing potash 
in Utah at the beginning of the year. 
Texasgulf Chemical Co. of Texasgulf Inc. 
and Elf Aquitaine Inc. of the Paris-based 
Société Nationale Elf Aquitaine produced 
muriate of potash from underground, bed- 
ded sylvinite deposits by solution mining 
and solar evaporation. The brine-gathering 
canals of Kaiser Chemicals of Kaiser Alumi- 
num & Chemical Corp. continued to be 
flooded at the beginning of the year, but 
some crude salts had been harvested for 
production of potash. By summer, the gath- 
ering canals had dried out, and the compa- 
ny was able to harvest some crude salts for 
potash production at yearend. Great Salt 
Lake Minerals & Chemicals Corp., a subsid- 
iary of Gulf Resources & Chemicals Corp., 
apparently did not harvest enough crude 
salts from its solar evaporation ponds in 
1983 to produce sulfate of potash in the first 
months of 1984, and on May 5, the lake 
breached the outer dike of the ponds and 
flooded many of the harvesting ponds, 
thereby precluding further production for 
the year. 

In California, Kerr-McGee Chemical con- 
tinued to produce both muriate and sulfate 
of potash along with other products from 
underground brines at Searles Lake. 
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Table 3.— Production and sales of potash in New Mexico 


(Thousand metric tons and thousand dollars) 


Crude salts! Marketable potassium salts 
Paid (mine production) Production Sold or used 
Gross K20 Gross K0 Gross K30 Value? 
weight equivalent weight equivalent weight equivalent vids 
1983: 
January-June ____ _____ 6,562 851 1,251 653 1,395 717 96,900 
July December 5,878 748 1.129 561 1.129 560 77,800 
Total® ___________ 12,440 1,600 2,380 1,214 2,525 1,278 174,700 
1984: 
January-June _______ __ 7,209 973 1,434 733 1,575 801 118,000 
July-December |... .... 5,884 125 1,302 655 1,225 618 86,100 
Tete! 13.093 1.697 2,135 1,388 2,199 1,418 204,100 
1Sylvinite and langbeinite. 
?F o.b. mine. 
Data may not add to totals shown because of independent rounding. 
Table 4.—Salient U.S. sulfate of potash’ statistics 
(Thousand metric tons of K: O equivalent and thousand dollars) 
1980 1981 1982 1983 1984 
Production ocase tui kuns he eh 1 203 200 166 "168 109 
Sales by producers -- ----------------------------- 201 178 176 156 126 
Valie a en spl eae da Sas es yt ie é $61,080 $61,993 $61,934 "$55,453 $47,197 
; c.c eme k y hh 70 40 71 44 34 
-W d ĩ fet ey So $23,113 $16,095 $27,648 $16,390 $13,940 
Imports? ________ eee 22 18 6 29 29 
a Ee eU a A Lic E eta ee $7,111 $7,380 $2,409 $12,300 $12,600 
Apparent consumptionngkssss — 153 156 111 141 121 
Yearend producers’ stocks _________________________- 24 46 36 44 31 
Revised. 
!Excludes potassium magnesium sulfate. 
?F o.b. mine. 
3Bureau of the Census. 
*F.a.s. U. S. port. 
5C.i.f. to U.S. port. 
$Sales plus imports minus exports. 
CONSUMPTION AND USES 


Apparent domestic consumption of all 
forms of potash increased about 7% from 
that of 1983. After the "payment-in-kind" 
(PIK) program ended, farmers planted large 
acreages and had money available to pur- 
chase fertilizer as a result of the PIK 
program. The PIK program was a US. 
Department of Agriculture program to re- 
duce farm crop surpluses by paying the 
farmer from the stocks of surplus crops for 
not planting that same crop during 1983. 
Farmers expected a strong export market 
and bought more fertilizer for the larger 
acreages. Downward pressure on demand 
for fertilizers came from continuing high 
interest rates, the generally declining value 
of agricultural land as collateral for loans, 


and the continuing problem of the high 
relative value of the U.S. dollar that re- 
stricted exports. Corn production increased 
by 80% from that of 1983, and soybean 
production increased by 21%. 

According to the Potash & Phosphate 
Institute, which reported sales of U.S. and 
Canadian producers, domestic sales of mu- 
riate of potash for agricultural uses chang- 
ed as follows: Standard grade rose 12% to 
446,000 tons, K-O equivalent; coarse grade 
fell 8% to 2.2 million tons; granular grade 
fell 196 to 1.5 million tons; and sulfate of 
potash and sulfate of potash-magnesia com- 
bined fell 8% to 169,000 tons. The percent- 
age breakdown by grade and type was 46% 
coarse muriate, 31% granular muriate, 10% 


POTASH 


standard muriate, 10% soluble muriate, 
and 396 sulfates of both types and all sizes. 
Potash sales from U.S. mines as a percent- 
age of total domestic sales represented 8% 
of the coarse muriate, 26% of the granular 
muriate, 3% of the soluble muriate, 37% of 
the standard muriate, and 100% of both 
types and all sizes of sulfates. 

The Potash & Phosphate Institute also 
reported that 351,000 tons of potash was 
sold for nonagricultural uses. Of this, stand- 
ard muriate was 65%, soluble muriate was 
34%, and sulfates of both types and of all 
sizes was 1%. Nonagricultural use of potash 
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was primarily for producing caustic potash 
and chlorine. Caustic potash, or potassium 
hydroxide, was used as a caustic chemical 
and as the major precursor to other potassi- 
um chemicals. Late in the year, a new 
caustic potash plant opened in New Jersey, 
but the byproduct chlorine was considered 
to be in long-term oversupply. Some mu- 
riate of potash was also used by the petrole- 
um well-drilling industry in drilling muds 
for shale stabilization and in well stimula- 
tion by massive fracturing, in which the 
potassium ion inhibits clay particle swell- 
ing. 


Table 5.—Sales of North American potash, by State of destination 


(Metric tons of KO equivalent) 


Agricultural Nonagricultural 
State potash potash 
1983 1984 1983 1984 

Alabama e uo o esi gst et yt es eee en ea tsp tt or i is Pay Aere nr 61,906 18,041 52,298 61,940 
PS Ge ; ↄ§ddſdſ/ſ/ͥ ] ͥͥ⁰ k; mw 8 167 257 "nM SA 
p dd se a e a cle Oe a a ce at 513 438 43 22 
Arkansas 22222222222222 aLa LLL 44,421 44,179 476 140 
c ͤAqTj ⅛¾⁵ f enl uerum dr e RE ees 53,657 62,054 9,672 10,992 
r ³o˙”˙V.. aa a a a a mts ⁰ mu e N 18,705 13,051 163 6,083 
Connecticut nr ⁵˙¹· aaa LLnL 5,513 4,282 41 52 
PII ⁵³Ü ⁰⁰Zͥñ y mt y x ecu AT LI ed Ed 23,503 27,694 32,082 35,755 
/F Pat a eg A a a a ee ee EU 8 112,475 148,230 821 865 
PC ↄ ˙ ee e n e ot Me Se eS Se a ae cd 109,014 162,351 422 957 
öõĩõͤõÜ¹ se ag Sot ys 5g ee ee ͤ„ũwur 8 11,650 16,056 Da RNC 
IS E oro MERERETUR d mr K 8 18,192 19,008 55 S 
Minois o-oo 223 A Ae ite ³² 829,863 111,548 24,526 32,942 
I Lans n cR te m Ba fe ey ea wy ð y ĩð Aib et. Se 429,123 362,751 3,533 2,352 
1%!!%%%%l.....lͤöV ¾ dd 88 551,731 493,110 350 1.226 
/ ³oüw Adddddddſdſdddſddſſ ⅛ðâvy ĩͤ- v ĩ 31.944 33,653 2,614 2,549 
E ⁰ eme act ee ð 8 148,205 149,555 369 364 
% ͥ ³⁰˙˙ Amy me Es ME st Ns Er e 42,511 49,783 1,881 1,775 
MBIBBS eiu on ese a ne gE tl eiue ar rege e e Beg e eade ei Be, a t 4,919 1,160 25 114 
Ill: ð M attendit ate dee E 26,960 24,088 416 509 
Massachusett8S -2-222222 LLL 3,831 5,015 584 534 
Meli ð˙* ' V! yd m RI e gales 227,179 204, 048 2,693 1,702 
Minnesota. Le 391,068 360,667 30 36 
III ꝙ ⁰ ZS ee ee Ee 89,248 49,804 2,094 3,165 
JJJ!öĩÄ¹ʃ⁵; ³ ˙ mf y y 265,801 247,720 2, 806 3,458 
õù⁵˙¹. ͥ ͥ ͥ ͥõ ꝗ iii.... ³o»¹-0 ͤ y ⁊ ͤ K Du LR 12,530 13,029 172 135 
ee ße . e C 42,972 39,180 530 113 
NeUVAadH v o o. ant rre ue Mua aE tre e rem Eis k as pene ah aha eae EM 12 320 249 
New Hampshire___-_______________________ ul Le 457 553 t - 
NewdJersey ARCUP" 6,426 6,819 920 11,463 
New Mexico ice a uu ðVA 8 1,516 6,831 31,575 29,685 
PP ]⁰˙»Ü˙¹q̃ͤ ete dd o 11,341 18,520 42,429 976 
North Carolina ———— ur ERIGI 86,610 103,421 12 46 
North Dakota... ul ͥ ⁰d y 23,450 22,099 "m 104 
Ohio xu nemo d df e gp ee dL 406,165 396,761 43,097 60,423 
Gabon,“ ³ðy 22, 680 41.778 7,038 7,796 
))) a a cae le, Ns ras et Et S 22,124 26,154 1,168 1,485 
Pennsylvania a oh a aa ft edhe EE 8 49,748 48,601 3,394 4,036 
Rhode Island... o ie Add Add A ca ge tan ais 2,231 2,258 132 110 
South Carolina «ac oue oe ]ðV hes Seen ad nce 54,535 65,909 120 117 
Ser. rcbus mei oe eles fe 11,946 11,769 EN T 
FFII: ³⁰ dd y ⁵ oe ee er 109,582 131.052 143 423 
öÜ.êĩê¹ eU Mc 141,526 140,996 34,202 41,311 
///! gry SICCA 2,839 4,254 2,074 13,563 
ß 2042 ⁰ ⁰⁰⁰ꝗ A ades Ut at Shek, coe 3,450 3,712 oe "PT 
bini ENERO TREE" 45,131 65,384 316 331 
Washington. ß . . aree En 36,039 40,241 2,980 2,905 
/ oem oe cas se ³ĩð Laks mecs eed M eus A Da 5,186 4,150 898 1,280 
WISCONSIN: cue ⁰¹ꝛ oe tei E ß AE reed 297,844 280,336 311 201 
% ĩ71i(ö ³˙˙õĩ7b! ⁵ y yd ⁰yd d 2,181 1,854 1,940 824 

õ⁰ͤ˙t an y REIR ER od A ee 8 4,969,074 4,816,222 311,831 351,121 


Source: Potash & Phosphate Institute. 
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Table 6.—Sales of North American muriate 
of potash to U.S. customers, by grade 


(Thousand metric tons of K;O equivalent) 


Grade 1981 1982 1983 1984 
Agricultural: 
Standard __ ___ 873 563 399 446 
Coarsee 2,070 1,750 2,402 2,219 
Granular _ _ __ _ 1,549 1,237 1,533 1,511 
Soluble ..... 435 357 451 471 
Total 4,927 3,907 4,785 4,647 
Nonagricultural: 
Soluble ______ 118 106 114 120 
Other 260 210 195 227 
Total 378 316 309 347 
Grand total 5,305 4,223 5,094 4,994 


Source: Potash & Phosphate Institute. 


According to the Potash & Phosphate 
Institute, the major consuming States of 
agricultural potash from Canadian and U.S. 
potash producers, in decreasing order, were 
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Illinois, Iowa, Ohio, Indiana, Minnesota, 
and Wisconsin. These six States consumed 
54% of the total from Canadian and U.S. 
producers. According to testimony before 
the International Trade Commission (ITC) 
on potash imports from the U.S.S.R., about 
one-half of these imports reached the Mid- 
west by barging up the Mississippi River, 
implying that sales data from Canadian and 
U.S. potash producers may not supply com- 
plete information on potash sales to the 
Midwest or the Southeast. According to the 
Potash & Phosphate Institute, the major 
agricultural consumers of domestically pro- 
duced potash, in decreasing order, were 
Texas, Missouri, Illinois, California, Flori- 
da, and Louisiana. These six States account- 
ed for 5395 of the total. The major agricul- 
tural consumers of domestically produced 
sulfates of potash, in decreasing order, were 
Florida, California, Georgia, Kentucky, Tex- 
as, and North Carolina, which together 
consumed 60% of the total. 


STOCKS 


Yearend producers’ stocks of potash 
decreased 20% from that of 1983. Yearend 
stocks were 20% of annual production or 
10.5 weeks of production. Yearend 1983 
stocks were revised owing to a stock adjust- 


ment of 46,000 tons between June and July 
1983. A stock adjustment is a producer’s 
correction of the quantities on the books to 
agree with actual quantities of material in 
the warehouses. 


TRANSPORTATION 


Ocean freight rates fell in January, but 
returned to early January levels by mid- 
summer. Rail tariffs rose slightly in Janu- 
ary and struggled to maintain the higher 
level. Unpublished, i.e., Staggers Act, con- 
tracts make determination of rail freight 
costs difficult. Construction of a new ware- 
house and terminal was commenced in 
Texas City, TX, for exporting potash and 
other bulk commodities. The Houston pot- 
ash dock was closed for improvements on 
October 15 and reopened November 10. Port 
Arthur and Beaumont were the alternative 


ports. 

About 1 million tons of Canadian muriate 
of potash passed through Thunder Bay, 
Ontario, for lake freightage to U.S. Great 
Lakes ports. About 750,000 tons of Canadian 
muriate of potash was shipped to Min- 
neapolis or St. Louis for transfer to barges. 
About 120,000 tons of Canadian muriate 
of potash moved by unit trains to Flor- 
ida, Georgia, and Tennessee. Potash was 
shipped by sea from the new PCA mine in 
Sussex, New Brunswick, Canada, to the 
U. S. east coast for the first time. 


PRICES 


The average value, f.o.b. mine, of U.S. 
potash sales of all types and grades was 
$147.55 per ton, an increase of less than $2 
per ton. The average value was $150.34 in 
the first half of 1984 and $143.91 in the 
second half. 


The average annual price for the three 
grades of muriate rose to $109 per ton. 
Standard-grade muriate of potash averaged 
$106 per ton, coarse-grade averaged $110 
per ton, and granular averaged $111 per 
ton. 
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The average annual price for sulfate of 
potash increased to $375. Prices were appar- 
ently unaffected when the sulfate of potash 
producer on the Great Salt Lake was flood - 


ed, idling nearly one-half of U.S. capacity. It 
appears that this price was near the back- 
stop price of this product. 


Table 7.—Prices! of U.S. potash, by type and grade 
(Dollars per metric ton of K;O equivalent) 


1982 1983 1984 
Type and grade January- July- January- July- January- July- 
June December June mber June December 
Muriate, 60% K20 minimum: 
Standard. — 114.76 97.59 93.56 98.52 106.44 106.20 
1/•öÜöÜͤ;·˙ eL i te a 125.76 105.25 108.13 104.73 115.23 103.33 
GranulrIk᷑brõss 115.81 103.30 104.46 99.44 115.68 103.97 
All muriate?____§________________ 117.16 100.71 100.10 99.75 111.98 104.86 
Sulfate, 50% K3O minimum 362.85 341.91 353.19 1359.03 374.22 377.21 
"Revised. 
! Average prices, f.o.b. mine, based on sales. 
?Excluding soluble and chemical muriates. 
FOREIGN TRADE 


U.S. potash exports rose 48%, by ton 
product, with a strong increase of about 
177% by product ton in exports to Latin 
America. Brazil, Colombia, Peru, Venezue- 
la, and to a lesser extent, Mexico, increased 
their imports of potash. The increases to 
Brazil and Mexico were brought about by 
credit guarantees from the U.S. Depart- 
ment of Commerce. Exports to Japan fell by 
39% and exports to India fell to zero. The 
high relative value of the U.S. dollar to 
many foreign currencies continued to be a 
problem, along with aggressive marketing 
by the Canadian exporter to the Pacific 
Basin. 

A 9% increase in total U.S. imports of 
potash represented primarily an increase in 
muriate from Canada. However, imports of 
sulfate of potash and potassium nitrate 


decreased. Imports of muriate of potash 


from Canada increased 13% over the 1983 
level and amounted to 92% of all muriate 
imports and 91%, by K;O equivalent, of all 
potash imports. Israel was the second larg- 
est source of imports, with 5% of muriate of 
potash imports and 596 of total potash 
imports. 

Two New Mexico potash producers, 
AMAX Chemical and Kerr-McGee Chemi- 
cal, filed petitions against the potash pro- 
ducers from the German Democratic Repub- 
lic, Israel, Spain, and the U.S.S.R. before 
the ITC and the International Trade Ad- 
ministration (ITA) of the U.S. Department 
of Commerce. PCA and IMC provided pro- 
prietary data to the petitioners but did not 
join the actual petitions. The petitions 


charged (1) dumping, the sale of potash in 
the United States at prices less than those 
charged in their home market, and request- 
ed antidumping duties, and (2) material 
injury from subsidies and requested count- 
ervailing duties. 

The ITC found a likelihood of injury and 
sent the petitions to the ITA for actual duty 
determination. By November, the anti- 
dumping petition against Spain had been 
withdrawn by the petitioners and the 
dumping allegations against Israel had not 
been proven. The duties from the material- 
injury-from-subsidies petition against Spain 
and Israel were put at 7.88% and 3.64% ad 
valorem, respectively, but the ITC ruled 
that because these were relatively low du- 
ties and they concerned a relatively low 
percentage of the total U.S. market, these 
duties should not be collected. The ITA had 
decided in an earlier case, on Polish carbon 
steel wire rod, that it was impossible for 
ordinary analysis to determine the internal 
subsidy that is given to a state-owned in- 
dustry in a nonmarket economy, so the 
material-injury-from-subsidies investiga- 
tion against the German Democratic Repub- 
lic and the U.S.S.R. was dropped by both the 
ITA and the ITC. Preliminary findings con- 
cerning dumping against both countries 
had called for duties of 11296 ex-factory 
value for East German imports and 187% 
for Soviet imports; only the final determi- 
nation of dumping duties against the two 
countries remained to be resolved at year- 
end. 
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Table 8.—U.S. exports of potash 


Approximate Quantity (metric tons) 
average ——— Value! 
K20 content Product KO equiv- (thousands) 
(percent) alent 
1983 
Potassium chloride, all grades 61 385,980 235,450 $30,700 
Potassium sulfat 51 86,320 44,020 16,390 
Potassium magnesium sulfateek 22 91,440 20,120 8,670 
ORAS oan et ye ey cre ?. XX 563,730 299,580 55,760 
1984 
Potassium chloride, all grades 61 621,820 379,300 $57,200 
Potassium sulfate _______________________ 51 67,320 34,340 13,940 
Potassium magnesium sulfate________________ 22 147,160 32,380 14,550 
Total e opu don e » è A La EE A OE XX 836,300 446,020 85,660 
XX Not applicable. 
!F.a.s. U.S. port 


2Data may not add to totals shown because of independent rounding. 


Sources: Bureau of the Census and Bureau of Mines. 


Table 9.—U.S. exports of potash, by country 


Metric tons of product 
Potassium Potassium sulfates 5 value 
, 2 (thousands) 
Country chloride all grades! Total 
1983 1984 1983 1984 1983 1984 1983 1984 
Argentina EE 2,000 6,850 TE 6,850 2,000 $150 $200 
Australia... EO 11,520 7,010 9,050 7,010 20,570 1,770 2,940 
Bahamas ----------- 20 a 1,710 1,790 1,720 1,790 340 80 
Belgium 1,600 30s Aus 3,000 7,600 3,000 580 270 
Bra! 11,970 289,930 9,210 4,000 21.180 293,930 1.790 28,200 
Canada ------------ 4,110 1,590 18,830 13,440 23,540 15,030 2,160 9,500 
lr PON ds 10,020 12,350 10,020 12,350 1,940 2,560 
Colombia 6.720 43,480 6,060 16,130 12,770 59,610 1,170 5,940 
Costa Ria a 16,000 6,450 3,760 14,690 19,760 21,140 1,660 2,940 
Denmark 23,790 zu Ta P 23,790 ae 1,830 um 
Dominican Republic ...... 19,850 26,110 1,520 1,740 21,370 28,500 1,890 2,860 
Ecuador 5,440 14,980 "S 5,110 5,440 20,090 420 1,810 
Egypt — eL M MS 10,120 E 10,120 A 1,920 or 
French West Indies 14,690 8 M 3,150 14,690 3,150 1,290 340 
Guatemala 1.680 3,160 200 420 1, 880 3,580 220 400 
Hai une "3 600 110 10 110 611 10 67 
Honduras 1.150 620 70 90 1.220 710 150 67 
India 30,430 muss "m E 30,430 a 2,040 E 
Kaly 2 Ls 1,600 = ore 7 1.600 7 120 2 
Jamaica aiid are 120 ERE 120 Dm 10 pens 
Japan 5222 85,590 74,910 53,920 10,220 139,510 85,130 14,120 6,830 
Korea, Republic off 180 a 110 46 290 46 30 5 
Leeward and Windward 
Islands 1.100 1.550 350 64 1,450 1,610 130 170 
Malaysia re —— 8 23,800 Du 23,800 mM 1,900 
Mexico 36,100 42,190 18,720 26,310 54,820 68,500 6,170 8,530 
New Zealand. ________ 94,190 59,090 420 370 94,620 59,460 7,710 5,2 
Nicaragua ---------- Oe m 9,900 xs 25 530 PM 
Norway - - -- - ------- 76,200 cis 76,200 1420 = 
Panama 2, 820 4,250 1.470 150 4,290 4,400 360 440 
PGMs s cc 5,430 19,160 4,150 1,210 10,180 20,380 160 1,840 
Philippines 10 35 430 2,130 440 2,160 90 420 
Saudi Arabia. |... 90 7 100 180 190 180 20 20 
Sweden 6,600 "E EE 640 6,600 640 450 150 
Switzerland --------- "1,410 P A ie 71,410 MR 7100 E 
Taiwan ____________ 20 400 S Lc 20 400 1 30 
Thailand € PS 6,000 4,000 6,000 4,000 500 360 
Venezuela |... 60 19,040 9,150 34 9,210 19,080 1,560 1,760 
Other 530 101 850 350 1,380 460 140 54 
Total 385,980 621,820 171,160 214,480 563,730 836,300 55,760 85,660 
Revised. 


Includes potassium magnesium sulfate. 
Data may not add to totals shown because of independent rounding. 
F. a. s. U.S. port. 


Sources: Bureau of the Census and Bureau of Mines. 
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Table 11.—U.S. imports for consumption of potash 


Approx- 
imate Quantity (metric tons) Value (thousands) 
average e Á——— 
Product K20 „ Customs Cif 
content equivalent 
(percent) 
1983 
Potassium chloride 61 7,177,400 4,378,200 $570,000 $602,800 
Potassium sulfat 50 58,700 29,400 11,300 12, 
Potassium nitratte kk 45 66.200 29,800 16,6 18, 
Potassium sodium nitrate mixtures ö 14 19,800 2,800 2,700 3,400 
% ³ðV! XX 7,322,100 4,440,200 600,600 637,100 
1984 
Potassium chloride 61 7,848,100 4,787,300 637,200 674,500 
Potassium sulfat 50 56,800 29,000 11,700 ,600 
Potassium nitrate... - - - - - -----------——— 45 20,500 9,200 6,300 6,900 
Potassium sodium nitrate mixtures 14 22,300 3,100 3, 3,300 
Total oo oc Dee ld hi Tul he XX 7,947,700 4,828,600 658,100 697,400 
*Estimated. XX Not applicable. 
1Data may not add to totals shown because of independent rounding. 
Sources: Bureau of the Census and Bureau of Mines. 
WORLD REVIEW 


World production in 1984 increased to 
above 1980 levels as recent Canadian, Israe- 
li, Jordanian, and Soviet capacity expan- 
sions were used to greater extent. World 
prices, as measured f.o.b. Vancouver, Cana- 
da, rose gradually throughout the year, but 
did not quite reach 1981 levels. The demand 
for potash has been price-inelastic; there- 
fore, future supply capacity expansions be- 
yond demand expansions were considered 
likely to confine prices to relatively low, 
"market oversupplied" levels indefinitely. 

Limited information was available about 
several tentative potash projects. The Ar- 
gentine Government has released a study 
for developing some potash deposits in the 
Mendosa and Neuquen Provinces that 
would supply about 100,000 tons of product 
for internal consumption and the export of 
up to 900,000 tons onto the world market by 
1990. Some developers in Australia are 
reinvestigating a potash showing in south- 
west Australia near Perth. In Botswana, the 
Sua Pan deposit of Lake Makgadikgadi may 
produce some potash along with the small 
amount of planned soda ash production. 
The Government of Bolivia has continued 
its studies of the development of the Salar 
de Uyuni as a source of several products 
that would include boron, lithium, and pot- 
ash. In Chile, the development of the Salar 
de Atacama has progressed to the point of 


© 


the Government's awarding development 
rights for the potash and boric acid to 
AMAX Inc. and a Chilean partner; no 
capacity forecasts were available at year- 
end. In Egypt, there was continued explor- 
atory drilling of a potash showing near the 
upper end of the Red Sea. 
Brazil.—Petrobrás Mineração S.A. 
(PETROMISA), the developer of the new 
potash mine scheduled to start up in 
December at Taquari-Vassouras (T-V) in the 
Sergipe, reported the discovery of another 
potash deposit 15 kilometers away. The new 
deposit, named Santa Rosa de Lima, was 
being considered to supply crude ore to the 
T-V mill. PETROMISA mine engineers also 
claimed a solution to the tachyhydrite prob- 
lem under the two T-V potash zones that 
will allow the mining of the lower zone. 
These two developments have increased 
company potash reserves from 7.3 to 17.3 
million tons. In the Amazon Basin, the 
Fazendinha deposit, sometimes called Nova 
Olinda do Norte, was estimated to contain 
reserves of 22 million tons. 
Canada.—Potash Corp. of Saskatchewan 
(PCS) was considering an overture from the 
Chinese International Technical Import Co. 
to purchase a minority position in the 
Lanigan Mine, which was being expanded 
to 1.7 million tons per year, making it the 
largest single-shaft potash mine in the 
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world. Miners in the southern part of PCS's 
Rocanville Mine struck water in mid- 
November, and underground work was 
halted temporarily. PCA's new mine near 
Sussex, New Brunswick, shipped its first 
product in late January to Denmark. PCA 
formed a subsidiary firm to own all of its 
Canadian properties and offered 20% own- 
ership of these properties through the stock 
market to Canadian citizens. Kalium Chem- 
icals, PPG Industries Inc., planned to ex- 
pand its Belle Plaine solution mine and 
crystallization facility by 25% to about 1.1 
million tons per year. 

The Canadian Pacific Railroad chose the 
contractors for a new tunnel to be built by 
1988 at Rogers Pass through the Selkirk 
Mountains in southeastern British Colum- 
bia. The 9-mile-long tunnel was designed to 
lie below an existing tunnel to permit more 
loaded, westward bound trains to pass 
through than a simple double tracking of 
the first, higher tunnel would provide. Emp- 
ty eastbound returns would use the higher 
tunnel. This roadbed improvement was con- 
sidered important to overseas potash ex- 
ports from Vancouver, British Columbia. 


Table 12.—Salient Canadian potash 
statistics 


(Thousand metric tons of K;O equivalent) 


1981 1982 1983 1984 
Production! |... 7.175 5,208 5.928 7.749 
Domestic sales by do- 
mestic producers! 332 213 385 436 
Exports: 
United States! _ _ 4,182 3,202 3,965 3,892 
Overseas! _ _ _ _ 1,823 1,576 2,026 2,544 
Imports for 
consumption? 11 13 17 20 
Domestic 
consumption? |. _ 343 286 402 456 
Yearend producers' 
stocks! |. 1,308 1,486 862 1,543 


!Data supplied by the Potash & Phosphate Institute. 
From Bureau of the Census export data. Sulfate of 
potash was probably landed on the Canadian east coast 
from European sources. 
3Domestic sales by domestic producers plus imports. 


China.—The first sizable potash plant in 
China was under construction at the Qai- 
dam Basin, Lake Chaerhan, and a second 
large ore zone was discovered. The Chinese 
requested Jacobs International Group Inc. 
to leave the project and took over the 
development using their own technicians. 
Later in the year, the Chinese offered their 
potash expertise to the Thais. 

France.—The Theodore Mine of Mines de 
Potasse d'Alsace was scheduled for closure 
in 1985 owing to declining ore reserves. 
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Israel.—The antidumping petition testi- 
mony in the United States revealed that the 
Israeli Government provided grants for cap- 
ital investment and the Bank of Israel 
provided low-cost loans for production, ex- 
ports, and imports to be used for exports. 
The second stage of the Makleff expansion 
at the Dead Sea Works was completed, 
raising capacity by 0.3 million tons to 1.3 
million tons. The firm decided to consider 
producing sulfate of potash. The Dead Sea 
Works had chosen an 18-kilometer conveyor 
belt to replace the trucks carrying potash 
from the plant to the railhead at Tsefa, near 
Dimona. Israel was increasing warehouse 
capacity at the Ashdod port facility to 
160,000 tons of product to better serve the 
60,000-ton Panamax ships. Israel hired the 
Canadian Pacific Railroad to help increase 
Israeli rail capacity to the port of Eilat on 
the Red Sea for improved shipping to the 
Far East. 

Jordan.—The Arab Potash Co. brought a 
third carnallite pond into production in 
July. For easier shipment to eastern mar- 
kets, the rail line to Aqaba, locomotive 
maintenance facilities, and rolling stock 
were to be improved with a $133 million 
investment. 

Spain.—Unión Explosivos Río Tinto S.A. 
sold the Llobregat Mine to Empresa Nacion- 
al de Fertilizantes S.A. of Instituto Nacional 
de Industria (IND to help pay off its debt. 
Potasas de Navarra S.A., owned by INI, was 
scheduled to close its mine near Pamplona 
at yearend 1985. 

The potash antidumping testimony re- 
vealed that Minas de Potasas de Suria S.A. 
was the only Spanish company exporting 
potash to the United States. The net subsidy 
for exports was estimated at 7.88% prior to 
July 11, 1984, and 6.9% on or after July 11, 
1984, by the ITA. 

Thailand.—The Government signed 
agreements with Duval and Agrico Chemi- 
cal Co. of The Williams Companies, to 
permit development of two potash leases, 
but Amax Exploration Inc. failed to sign its 
agreement. Duval, CRA Exploration Pty. 
Ltd. of Australia, Siam Cement Co., and the 
Government of Thailand were to conduct 
additional exploration at the Khon Kaen 
location. Agrico, Thai Central Chemical Co., 
and the Government were to conduct addi- 
tional exploration at the Udon Thani loca- 
tion. Amax Exploration, Siam Cement, and 
the Government were to explore at the 
Sakon Nakhon location. The Government’s 
development project at the large carnallitic 
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zone at Bamnet Narong was flooded during 
the year. 

Tunisia.—The International Bank for Re- 
construction and Development made a loan 
of $13.6 million for the study of potential 
potash production from the Chott al-Jerid 
and Adibate Sabkha deposits. The study of 
the Sebkha al Melah deposit was already in 
progress. A contractor was chosen for con- 
structing new port facilities at the Tunisian 
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port of Zarzis to handle future potash ex- 
ports. 


1Physical scientist, Division of Industrial Minerals. 

2All tonnages reported in metric tons, K2O equivalent, 
unless otherwise specified. 

3Industrial Minerals (London). 
p. 123. 
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Table 13.—Marketable potash: World production, by country! 
(Thousand metric tons of K;O equivalent) 


Country 1980 1981 1982 1983P 1984* 

Canada (sales)?______________________ 7,532 6,549 5,309 6,938 7,685 
Chilet sse ee 25 21 21 21 22 
China uod rn e S ME 12 20 26 29 40 
ACO nu ß en ees ee 1,894 1,831 1,704 1,536 1,500 
German Democratic Republik.. 3,422 3,460 3,434 3,431 3,450 
Germany, Federal Republic of- - - - --------—- 2,131 12,591 2,056 2,419 2,280 
Israël 2 oem RI us Lus ant e Lee 791 839 1,004 *1,000 1,100 
WRAY yas eG ct E E ee 156 146 146 r e200 180 
VON ats d eui stt Ll m 9 e170 280 
PATA ³oÜwmim Sect, Meenas te xd 658 732 692 657 677 
FFIJCĩͤÜĩÜĩÜ5t0⁶éb y enn ee 8,064 8,449 8,079 9,294 9,500 
United Kingdom Ww 321 285 401 302 360 
United States 2,239 2,156 1,784 1,429 51,564 

lr Sat Bre ĩ 27,857 127,079 24, 665 27,426 28,638 

“Estimated. Preliminary. Revised. 


1Table includes data available through Apr. 23, 1985. 


2Official Government figures. Potash & Phosphate Institute production data are given in table 12. 
3Data represent officially reported output of potassium nitrate product (gross weight basis) converted assuming 14% 


K20 equivalent. 
‘Chinese data on production of po 
produced and used by the nonferti 


izer chemical industry. 
SReported figure. 


tassic fertilizers are in terms of nutrient content; small additional quantities may be 


Pumice and Pumicite 


By A. C. Meisinger 


Production of pumice and pumicite by 
domestic producers in 1984 increased 12% 
to 502,000 short tons and 10% in value to 
$4.9 million. Pumice imported for consump- 
tion increased 5992 to 293,000 tons, of which 
Greece supplied 969v. U.S. apparent con- 
sumption increased 26% over that in 1983. 
Estimated world production increased 8% 
to 13.4 million tons. 

Domestic Data Coverage.—Domestic pro- 


duction data for pumice and pumicite are 
developed by the Bureau of Mines from one 
voluntary survey of U.S. operations. Of the 
22 operations to which a survey request was 
sent, 18, or 82%, responded, representing 
75% of total production data shown in table - 
1. Production for the four nonrespondents 
was estimated using reported prior year 
production levels adjusted by trends in em- 
ployment and other guidelines. 


Table 1.—Salient pumice and pumicite statistics 
(Thousand short tons and thousand dollars unless otherwise specified) 


1980 1981 1982 1983 1984 
United States: Sold and used by producers: 

Pumice and pumicite. ~~ ~~~ ~~~ ~___________ 5 499 4 449 502 
Value (f.o.b. mine and/or mill) $4,267 $4,311 $3,750 $4,486 $4,929 
Average value per ton $7.86 $8.64 $9. $9.99 $9.82 
Exports 1 1 1 1 1 
Imports for consumption 194 92 121 184 293 
Apparent consumption? _.__________________ 736 590 536 632 794 

World: Production, pumice and related volcanic materials ͤ 713,702 113,456 13,662 712,404 €13,365 
“Estimated. Preliminary. Revised. | 
IQuantity sold and used, plus imports, minus exports. 
DOMESTIC PRODUCTION 


Pumice and pumicite production by do- 
mestic producers increased 1296 in quantity 
and 10% in value. Twenty-one companies 
operated twenty-two mines in eight States, 
of which four States—California, Idaho, 
New Mexico, and Oregon—accounted for 
97% of U.S. production. 

Principal domestic producers were Amer- 
ican Pumice Products Inc., Littlelake, CA; 
Tionesta Aggregates Co., Tulelake, CA; Am- 


cor Inc., Idaho Falls, ID; Hess Pumice Prod- 
ucts, Malad City, ID; General Pumice Corp., 
Espanola, NM; Copar Pumice Co. Inc., San- 
ta Fe, NM; Central Oregon Pumice Co., 
Bend, OR; and Cascade Pumice Co., Bend, 
OR. Together, these eight companies ac- 
counted for 89% of the tonnage and 69% of 
the value of total U.S. production of pumice 
and pumicite. 
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Table 2.—Pumice and pumicite sold and used by producers in the United States, by State 
(Thousand short tons and thousand dollars) 


State 


Arizona 
California 
New Mexico 
Oklahoma 
Other! 


1983 1984 

Quantity Value Quantity Value 
E eA its 15 2 21 
3 65 1.582 80 1.600 
ER 110 1,070 132 1,269 
5 1 W W W 
3 271 1.819 288 2,039 
5 449 4,486 502 4,929 


W Withheld to avoid disclosing company proprietary data: included with Other.“ 
'Includes Hawaii, Idaho, Kansas, Oregon, and State indicated by symbol W. 


CONSUMPTION AND USES 


U.S. apparent consumption was 794,000 
tons, an increase of 26% over that of 1983. 
Pumice and pumicite produced for domestic 
use as concrete aggregate and admixture 


declined 11%. Decorative building block use 
increased 36%, and abrasive use increased 
67% to 25,000 tons. 


Table 3.—Pumice and pumicite sold and used by producers in the United States, by use 
(Thousand short tons and thousand dollars) 


Use 


Abrasives (includes cleaning and scouring compounds) 
Concrete admixture and aggregate 
Decorative building block 
Landscaping 

Other! 


1983 1984 

Quantity Value Quantity Value 
55 15 446 25 810 
F 189 1.195 169 876 
CNN 200 2,131 272 2,801 
„ 9 84 15 129 
53 36 630 21 313 
. 449 4,486 502 4,929 


‘Includes heat-or-cold insulating medium, pesticide carriers, road construction material, roofing granules, and 


miscellaneous uses. 


PRICES 


The average value, f.o.b. mine or mill for 
pumice and pumicite sold and used by 
domestic producers was $9.82 per ton com- 
pared with $9.99 per ton in 1983. 

Prices quoted in Chemical Marketing Re- 
porter at yearend, for domestic grades of 
pumice bagged in l-ton lots, increased to 
$270 per ton for fine and $300 per ton for 


pumice, f.o.b. east coast, bagged in 1-ton 
lots, increased to $280 per ton for fine and 
$350 per ton for medium. Coarse material 
was quoted at $300 per ton, which equaled 
the 1983 yearend high price for this grade. 
The average declared customs value of 
pumice imported from Greece for use in 
concrete masonry products increased from 


medium, coarse, and 2-extra coarse. Year- $6.35 per ton to $6.82 per ton. 
end quoted prices on imported (Italian) | | 
FOREIGN TRADE 


Pumice imported for consumption, 96% of 
which was received from Greece, increas- 
ed by 59%. Imports from Greece totaled 


281,000 tons, of which 98% was used to 


produce concrete masonry products. 
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Table 4.—U.S. imports for consumption of pumice, by class and country 


For use in the 


Crude or Wholly or partly manufacture mE. 

unmanufactured manufactured of concrete masonry n.s.p.f. . 
Country products — 

Quantity Value Quantity Value Quantity Value Value 

(short (thou- (short (thou- (short (thou- (thou- 

tons) sands) tons) sands) tons) sands) sands) 

1983: 
Greece. -----..--- 2,262 $31 Rcs . 181,475 $1,150 ADS 
Iceland ...........- 158 27 pps Ero a T us 
TT 271 45 2 $2 18 m $21 
Mexico... ERA eM 7 2 . 123 4 SE 
Other! 8 10 6 10 c p 19 
Teil! 2.699 113 8 12 181,598 1.154 106 
1984: 

Greece_____________ 5,167 75 EN zx 215,156 1,880 Se 
Iceland ____________ 8,228 153 es ERA 8 Rc 
Italy. nue 3,297 156 172 36 P ae 23 
Mexico a "ER EM M^ 72 2 1 
Other?_____________ 11 18 20 12 3 3 124 
Total coe oe ee 16,703 402 192 48 275,831 1,885 148 


1Includes Austria, Canada, Denmark, France, the Federal Republic of Germany, Japan, the Republic of Korea, 
Switzerland, Taiwan, and the United Kingdom. 


*Includes Austria, Canada, China, Denmark, France, the Federal Republic of Germany, Hong Kong, Japan, Nigeria, 
Spain, Switzerland, Taiwan, and the United Kingdom. 


WORLD REVIEW 


World production of pumice and related of the world’s total production. 
volcanic materials increased 8% to an esti- 
mated 13.4 million tons. The combined out- 
put of Greece and Italy accounted for 69% 


1Industry economist, Division of Industrial Minerals. 


750 MINERALS YEARBOOK, 1984 


Table 5.—Pumice and related volcanic materials: World production, by country’ 


(Thousand short tons) 

Country? i 1980 1981 1982 1983? 1984* 
Argentinas CC 40 56 59 76 72 
Austria: Trasss S EDEN nsu Ecl A E 9 9 12 3 3 
Cameroon: Pozzolan . . . ___._______~____ — NA 58 89 NA NA 
Cape Verde Islands: Pozzolaa ?? 17 11 11 11 11 
Chile: Pozzolan `- 2 2222222222222222 275 306 190 192 190 
Costa Rica" «oe ial i deem 88 1 1 2 2 2 
Dominica: Pumice and volcanic ask mr 120 120 120 120 120 
France: Pozzolanandlapili. --------------------—- 513 1518 790 699 660 
Germany, Federal Republic of: 

Pumice (marketab le)) | 890 440 243 220 290 

Pozzolanf. |. = == | ..... eddie a eye th be ote A 220 220 220 NA NA 
Greece: 

Pumice | . e y EE E E EAI 11,024 1684 r e690 551 660 

Pozzo las T1609 11.634 1.653 r €1,650 1.710 
Guadeloupe: Pozzolan nk? kk — 275 265 265 265 265 
Guatemala: 

, ß e Mele em e 20 17 13 417 18 

Volcanicash ³oW¹0.AiAA ee ð y ⁰⁰ʒ LC LL Lue 14 6 24 (5) (5) 
Iceland ..... PP A th he ð 8 40 37 96 50 55 
Italy: 

Pumice and pumiceous lapilli gk 629 r671 *825 e710 720 

)J ͥ ˙¹ũwſ ⅛ð⅛¶ c Lu i aA: 5,684 16,073 (, 100 25,500 6,100 
Martinique: Pumice 2. mc ESSE 169 172 e170 e165 165 
New ll‚d‚d·‚,d‚ iet ds 15 37 55 19 22 
JJV fea oe et at nana, Sof ian ee E 1,198 1,034 1,070 1,100 1,200 
United States (pumice and pumicite, sold and used by producers) 543 499 416 449 4502 
Yugoslavia: Volcanic tuff ________________~________ 397 588 569 €545 600 

r e enit es "-——  — PH 713,702 713,456 13,662 12,404 13,365 


*Estimated. Preliminary. "Revised. NA Not available. 
„Table includes data available through May 7, 1985. 
2Pumice and related volcanic materials are also produced in a number of other countries, including (but not limited to) 
Ethiopia, Iran, Japan, Mexico, Turkey, and the U.S. S. R., but output is not reported quantitatively, and available 
information is inadequate for the formulation of reliable estimates of output levels. 
3Unspecified volcanic materials produced mainly for use in construction products. 
*Reported figure. 
Less than 1/2 unit. 
8Includes Canary Islands. 


Rare-Earth Minerals and 
Metals 


By James B. Hedrick! 


Domestic production of rare earths 
achieved a record-high level in 1984. Moly- 
corp Inc, a wholly owned subsidiary of 
Unocal Corp., and Associated Minerals Ltd. 
Inc., a subsidiary of Renison Goldfields 
Consolidated Ltd., were the only domestic 
mine producers of rare-earth minerals. 
Mine production by both companies was 
significantly higher than in 1983. Molycorp, 
‘Rhéne-Poulenc Inc., W. R. Grace & Co.'s 
Davison Chemical Div., and Research 
Chemicals Div. of NUCOR Corp. were the 
principal processors of rare earths in the 
United States. Major end uses were in 
petroleum catalysis, metallurgical applica- 
tions, glass and ceramics, and permanent 
magnets. 


Domestic Data Coverage. Domestic 


mine production data for rare earths are 
developed by the Bureau of Mines from a 
voluntary survey of U.S. operations. This is 
the “Rare Earths and Thorium" survey. 
Both of the mines to which a survey request 
was sent responded, representing 100% of 
total production. Production data are 
withheld to avoid disclosing company pro- 
prietary data. 

Legislation and Government  Pro- 
grams.—On October 30, Public Law 98-573, 
the Trade and Tariff Act of 1984, was en- 
acted. Under section 151 of this law, the 
import duty on yttrium-bearing materials 
and compounds containing by weight. more 
than 19% but less than 85% yttrium oxide 
equivalent was suspended until December 
31, 1988. The duty-free status was designed 


Table 1.—Salient U.S. rare earth statistics 
(Metric tons of rare-earth oxides (REO) unless otherwise specified) 


1980 1981 1982 1983 1984 

Production of rare-earth concentrate! s 15,986 17,082 17,501 17,083 25,311 
Exports:® 

Ore and concentrae 4,741 5,056 2,565 2,684 4,304 

Ferrocerium and pyrophoric ere... 4 14 9 22 59 
Imports for consumption: 

/;Üào¶C y ß ß y 2,831 4,108 3,962 2,215 3,114 

Metals, alloys, oxides, compounds 1,624 1,631 1,695 1,857 2,926 
Shipments from Government stockpile _______________~- 1,257 802 364 t ust 
Stocks, producers and processors, yearend ______________ W W W W W 
Consumption, apparent 18,100 20,000 17,100 19,600 21,400 
Prices, yearend, dollars per kilogram: 

nasite concentrate, REO basis $1.98 $2.14 $2.31 $2.14 $2.14 

Monazite concentrate, p oe cum oes $0.81 $0.83 $0.75 $0.71 $0.64 

Mischmetal, metal basis $12.35 $12.35 $12.35 $12.35 $12.35 
Employment, mine and mill? . . |.  . ...... 250 275 303 266 321 
Net import reliance? as a percent of apparent consumption 11 14 (4) 12 ($) 


Estimated. W Withheld to avoid disclosing company proprietary data. 
1Comprises only the rare earths derived from bastnasite, as reported in Unocal Corp. (previously Union Oil Co. of 


California) annual reports. 


Employment at a rare- earth mine in California and at minerals sands operations in Florida and Georgia. The latter 
mines produced monazite concentrate as a byproduct of mining ilmenite, rutile, and zircon, and employees were not 


assigned to specific commodities. 


Imports minus exports plus adjustments for Government and industry stock changes. 


*Increase in industry stocks exceeded net imports. 
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to help the domestic processing industry 
compete with foreign yttrium materials im- 
ported under TSUS No. 423.00 (Other inor- 
ganic compounds: Other, Rare-earth oxides 
except cerium oxide) or 423.96, part 2C, 
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schedule 4 (Mixtures of two or more inor- 
ganic compounds: Other), or item 603.70 
(Other metal bearing materials, etc: Other, 
other), part 1, schedule 6. 


DOMESTIC PRODUCTION 


Domestic production improved signifi- 
cantly in 1984, with mine output increasing 
52%. Bastnasite was the major domestic ore 
of rare earths and accounted for the majori- 
ty of increased production. Production of 
monazite, the only other rare-earth ore 
produced domestically, also increased. 
Molycorp, the only U.S. producer of bastna- 
site, operated a mine at Mountain Pass, CA. 
Associated Minerals, the only domestic pro- 
ducer of monazite, operated a mine at 
Green Cove Springs, FL, to recover mona- 
zite as a byproduct of processing minerals 
sands for titanium and zirconium minerals. 

Molycorp’s sales of rare earths increased 
38% during 1984 compared with those of 
1983. Sales of high-purity, separated rare- 
earth products reportedly increased 75% 
and accounted for 40% of Molycorp’s rare- 
earth revenues.? 

Associated Minerals relocated its wet- 
processing plant at Green Cove Springs, FL, 
to a nearby higher grade ore body, and 
resultant minerals sands production in- 
creased 25% over that of 1983. Spiral con- 
centrators installed at the mine increased 
recovery and concentrate grades and report- 
edly resulted in significant reductions in 
costs and improvement in plant through- 
put. 

Marathon Gold Corp., in a joint venture 
with Centennial Gold Corp., a 54% owner of 


Marathon, and Hampton Gold Mining Ar- 
eas PLC, continued exploration work at its 
rare earth-gold deposit near Craig, CO. 
Rhóne-Poulenc has reportedly agreed to 
purchase, from the joint venture, 4,000 to 
8,000 metric tons of monazite and xenotime 
per year that could be processed at either its 
Freeport, TX, plant or its La Rochelle facili- 


ties in France. 


Union Carbide Corp. purchased Katalis- 
tics International BV of the Netherlands, a 
producer of petroleum cracking catalysts. 
Katalistics manufactured fluid cracking 
catalysts at plants in Savannah, GA, and in 
Delfzijl, Netherlands. Union Carbide, al- 
ready a producer of molecular sieves, re- 
portedly hopes to commercialize the use of a 
new generation of zeolite-based molecular 
sieves for use in fluid cracking catalysts, 
some of which utilize rare earths.‘ 

Williams Strategic Metals Inc. (WSM) 
continued development and processing re- 
search to recover rare earths and magnetite 
from iron ore tailings near Mineville, NY. 
Recovery of magnetite was scheduled to 
begin in the summer of 1985, with recovery 
of rare earths, including yttrium, from apa- 
tite to begin at an undisclosed future date.5 
WSM expected to produce magnetite and 
yttrium, including the other rare earths as 
principal products, and phosphoric acid, 
derived from the apatite, as a byproduct. 


CONSUMPTION AND USES 


Domestic rare-earth processors consumed 
an estimated 24,800 tons of equivalent rare- 
earth oxides (REO) in various forms in 1984, 
29% more than was consumed in 1983. 
Bastnasite consumption was 39% more 
than in 1983, but consumption of monazite 
decreased 23% in 1984. 

Shipments of rare-earth products from 
domestic processors amounted to 20,400 
tons of contained REO, an increase from the 
16,900 tons of contained REO shipped in 
1983. 

The approximate distribution of rare 
earths by end use, based on information 
supplied by primary processors and some 


consumers, was as follows: petroleum cata- 
lysts, 59%; metallurgical uses (including 
iron and steel additives, alloys, and misch- 
metal), 23%; ceramics and glass (including 
polishing compounds and glass additives), 
15%; and miscellaneous (including phos- 
phors, electronics, permanent magnets, 
lighting, and research), 3%. 

Consumption of mixed rare-earth com- 
pounds was 31% more than the 1983 level, 
while consumption of purified rare-earth 
compounds was 22% higher. Higher con- 
sumption of purified materials was the 
result of strong demand for samarium and 
neodymium oxides and metals for use in 
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permanent magnets, for europium and yt- 
trium oxides for use in phosphors, and for 
yttrium oxides for use in high-temperature 
ceramics. This trend toward higher con- 
sumption of neodymium was expected to 
continue as its use in high-strength neo- 
dymium-iron-boron magnets develops. 

The producers of mischmetal, rare-earth 
silicide, and other rare-earth alloys consum- 
ed 37% more contained REO than in 1983. 
Shipments of rare-earth alloys and high- 
purity rare-earth metals increased 66% and 
78%, respectively. 

The glass industry's principal use of rare 
earths, mainly cerium concentrate or ceri- 
um oxide, was as polishing compounds for 
lenses, mirrors, cut crystal, television and 
cathode-ray tube faceplates, gem stones, 
and plate glass. Purified rare-earth com- 
pounds were also used as additives to glass 
used in containers, television and cathode- 
ray tube faceplates, radiation shielding win- 
dows, tableware, crystal and leaded stem- 
ware, opthalmic lenses, welder's safety 
lenses, decorative glass, lasers, incandes- 
cent and fluorescent lights, and optical, 
photochromic, filter, and photographic 
lenses. The rare-earth additives acted as 
colorants, color correctors, and decolorizers, 
as stabilizers against discoloration from ul- 
traviolet light and against browning caused 
by high-energy radiation, as dopants in 
laser glass, as modifiers to increase re- 
fractive indices and decrease dispersion, 
and as absorbers of ultraviolet and visible 
light. 

Phosphors containing rare earths were 
used in color television tubes, radar screens, 
avionic and data displays, X-ray intensify- 
ing screens, low- and high-pressure mercury 
vapor lights, electronic thermometers, and 
trichromatic fluorescent lamps. 

The ceramics industry used purified rare 
earths in pigments, heating elements, di- 
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electric and conductive ceramics, thermal 
and/or flash protective devices, stereo- 
viewing systems, data printers, welder’s 
electronic safety goggles, image storage de- 
vices, and as principal constituents and 
stabilizers in high-temperature ceramics 
(e.g., yttria-stabilized zirconia), glazes, and 
paint. 

Purified rare-earth compounds also had 
applications in petroleum cracking cata- 
lysts, noncracking catalysts, oxygen-sensing 
electrolytes, computer bubble domain mem- 
ories, substrates for bubble domain memo- 
ries, dyes and softeners for textiles, elec- 
tronic components, nuclear control rods, 
nuclear fuel reprocessing, microwave appli- 
cations, incandescent gas mantles, gas la- 
sers, fiber optics, carbon arc lighting, fertil- 
izers, and synthetic gem stones. 

Rare-earth permanent magnets were 
used in electric motors, alternators, genera- 
tors, line printers, computer disk-drive actu- 
ators, proton linear accelerators, synchro- 
nous torque couples, magnetic chucks, eddy 
current brakes, ferrofluidic exclusion seals, 
microwave focusing, wristwatches, magne- 
trons, klystrons, medical and dental appli- 
cations, traveling wave tubes, drill bit sal- 
vage, metallic separators, aerospace appli- 
cations including electric actuators for aile- 
rons and rudders, and in speakers, head- 
phones, microphones, and tape drives. 

Metallurgical applications of rare earths 
included alloys and additives in high- 
strength, low-alloy steels; gray and ductile 
iron; stainless and carbon steels; high- 
temperature and corrosion-resistant metals; 
low-temperature refrigerants; hydrogen 
storage alloys; lighter flints; armaments; 
permanent magnets; neutron convertor 
foils; special lead fuses; target materials for 
sealed-tube neutron generators; and high- 
voltage transmission cable. 


STOCKS 


U.S. Government stocks of rare earths in 
the National Defense Stockpile (NDS), all 
classified as excess to goal, remained at 457 
tons throughout 1984. All rare-earth stocks 
held in the NDS were contained in sodium 
sulfate and were inventoried on a con- 
tained-REO basis. Effective October 1, 1984, 
section 902 of the Department of Defense 
Authorization Act, 1985, canceled authori- 
zation to dispose of the excess rare earths in 
the NDS. Stocks of yttrium oxide held in 
non-NDS Government inventories totaled 


108 kilograms, all declared excess and au- 
thorized for disposal. 

Industry stocks of rare earths held by 22 
producing, processing, and consuming com- 
panies increased 56%. Bastnasite concen- 
trate stocks held by the principal producer 
and four other processors increased 36% 
over the 1983 level. Yearend 1984 invento- 
ries of monazite and other rare-earth con- 
centrates increased. 

Stocks of mixed rare-earth compounds 
increased, while stocks of purified com- 
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pounds decreased during the year. Yearend 
stocks of contained REO equivalent in 
mischmetal, rare-earth silicide, and other 
alloys containing rare earths increased 28% 


as a result of continued low demand for iron 
and steel products. Inventories of high- 


purity rare-earth metals decreased. 


PRICES 


The price range of Australian monazite 
(minimum 55% rare-earth oxide including 
thoria, f.o.b./f.i.d.),? as quoted in Metal Bul- 
letin (London), decreased from $A410-$A450 
per ton at yearend 1983 to $A410-$A440 per 
ton by yearend 1984. Changes in the foreign 
exchange rate, resulting from the economic 
strength of the U.S. dollar, caused the 
corresponding domestic price range to de- 
crease further from US$369-US$405 per ton 
in 19837 to US$340-US$365 per ton in 1984.* 

The yearend price quoted in Industrial 
Minerals (London) for yttrium concentrate 
(60% Y.0s, f.o.b Malaysia) was $46 per 
kilogram. 

Prices quoted by Molycorp for unleached, 
leached, and calcined bastnasite, containing 
60%, 70%, and 85% REO, were $0.92, $0.97, 
and $1.17 per pound of contained REO, 
respectively, at yearend 1984, unchanged 
from that of yearend 1983. 

The price of cerium concentrate quoted 
by American Metal Market was $1.32 per 
pound of contained cerium oxide at yearend 
1984, the same level as at the end of 1983. 
The price of lanthanum concentrate at 
yearend 1984 was also unchanged from that 
of yearend 1983 at $1.32 per pound of REO 
contained. 

The mischmetal (99.8%, lots over 100 
pounds, f.o.b. shipping point) price, quoted 
in American Metal Market, remained at the 
yearend 1980 level of $5.60 per pound 
throughout the 1981-84 period; however, 
prior to 1984, the rare-earth alloy price was 
based on 50- to 100-pound lots, f.o.b. New- 
ark, Nd. 

Molycorp quoted prices for lanthanide 
(rare-earth) and yttrium oxides, net 30 days, 
f.o.b. Louviers, CO, Mountain Pass, CA, or 
York, PA, effective January 2, 1984, as 
follows: 


Product 


Cerium 
Europium 
Gadolinium 
thanum 
Neodymium 
D750 
Praseodymium. 
Samarium ... 
Terbium . .... 
Yttrium... 


1Purity expressed as percent of total REO. 


Molycorp also quoted prices for lantha- 
nide (rare-earth) compounds, net 30 days, 
f.o.b. York, PA, or Louviers, CO, effective 


C Percent! 
(oxide) purity 


Quantity 
(pounds) 


August 1, 1984, as follows: 


Product 
(compound) 


Cerium carbonate 
Cerium fluoride 
Cerium nitrate 
Lanthanide chlo- 


Lanthanum chloride 
Lanthanum-lanthanide 
carbonate _______ 
Lanthanum nitrate __ 
Neodymium car- 
bonate 


Tech grade 
95.0 


Percent 
purity 


99.0 


46.0 


99.9 
46.0 


60.0 
39.0 


96.0 


1Priced on a contained REO basis. 


Rhóne-Poulenc quoted rare-earth prices, 
per kilogram, net 30 days, f.o.b. New Bruns- 
wick, NJ, or duty paid at point of entry, 


Quantity 
(pounds) 


150 


effective August 15, 1984, as follows: 


SSS 888 


8888888888 
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Product! Percent 
(oxide) purity 

Cerium ....- 99.5 
Erbium 96.0 
Europium — `- 99.99 
Gadolinium. _ _ 99.99 
Lanthanum ... 99.99 
Praseodymium. 96.0 
Samarium ... 96.0 
Terbium .... 99.9 
Yttrium- 99.99 
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Quantity Price per 
(kilograms) kilogram 
20 $20.35 
50 170. 
20 1,575.00 
50 136. 
25 16.20 
20 38.85 
25 63. 
20 820.00 
50 99.80 


1Dysprosium, holmium, lutetium, thulium, and ytterbi- 
um oxide prices on request from Rhône-Poulenc Inc. 


Rhône-Poulenc also quoted prices for rare 
earths produced at its Freeport, TX, plant, 
net 30 days, f.o.b. Freeport, TX, effective 


August 15, 1984, as follows: 
Product Percent? ki dd Price per 
(compound) purity grams) kilogram 
Cerium carbonate _ _ 95.0 20 $8.60 
Cerium hydroxide .. - 95.0 20 11.25 
Cerium nitrate 95.0 200 11.05 
Cerium oxide 99.5 20 16.65 
thanum car- 
bonate_______— 99.5 20 12.60 
Lanthanum-neodymi- 
um carbonate .... 98.0 20 7.20 
Lanthanum nitrate . 99.5 200 11.90 
Lanthanum oxide 99.5 20 13.25 
Neodymium car- 
bon ate 95.0 20 7.75 
Neodymium nitrate . 95.0 200 8.40 
Neodymium oxide 95.0 20 9.25 


1Purity expressed as percent of total REO. 


Nominal prices for various rare-earth 
products were quoted by Research Chemi- 


cals, net 30 days, f.o.b. Phoenix, AZ, effec- 
tive October 1, 1982, and throughout 1983 
and 1984 as follows: 


Oxide! Metal? 

Element rice per price per 

ilogram kilogram 
, eH6 110 vo 

rosiumm 

cix n MERCEDE NER 200 650 
Europium. -- -----------——- 1,900 ,500 
Gadoliniummm 140 485 
Ami Rm 650 1,600 
Lanthanum- -----------—-—- 19 125 
Lutetium `- -------------- 5,200 14,200 
Neodymium -------------- 80 260 
Praseodymium. --—---------- 130 310 
Samarium ______________ _ 130 330 
Terbium________________~_ 1,200 2,800 
Thulium --------------—-- 3,400 8,000 
Ytterbium _______________ 225 875 
Yttrium oou a 98 430 


1Minimum 99.9% purity, 1- to 20-kilogram quantities. 
2Ingot form, 1 to 5 kilograms, from 99.9% grade oxides. 


FOREIGN TRADE 


Domestic exports of rare-earth concen- 
trates, produced primarily from bastnasite, 
originated mainly from Molycorp’s Moun- 
tain Pass Mine in California. Exports of 
rare-earth metal ores, excluding monazite, 
which includes bastnasite concentrates, in- 
creased 57% above the 1983 total of 5.1 
million kilograms to 8.0 million kilograms 
in 1984. Exports of rare-earth metal ores 
were valued at about $16.3 million. Major 
destinations were Japan, 60%; Austria, 
19%; and the United Kingdom, 7%. 

Exports of ferrocerium and other pyro- 
phoric alloys containing rare earths totaled 
30,869 kilograms, 53% less than the 1983 
level. Major destinations in 1984 were Ja- 
pan, 28%; the Dominican Republic, 27%; 
and Venezuela, 14%. 

Exports of thorium ore, including mona- 


zite, increased threefold, compared with 
those of 1983. France was the destination of 
the reported total of 229,983 kilograms val- 
ued at $157,608. 

Lower U.S. import duties on rare-earth 
materials, resulting from the 1979 Tokyo 
Round of tariff negotiations, continued for 
nations having most-favored-nation status. 
The import duties for these countries are 
scheduled to decline annually at staged 
rates through January 1, 1987. 

The import tariff for yttrium-bearing 
ores, materials, and compounds was sus- 
pended in 1984. The suspension was to 
remain in effect until July 1, 1988, and 
should allow domestic processors to better 
compete with foreign-produced yttrium 
products. 
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Table 2.—U.S. import duties on rare earths 


Most favored nation (MFN) Non-MFN 
Item TSUS No. — — 
Jan. 1, 1984 Jan. 1, 1987 Jan. 1, 1984 
Ore and concentrate! 601.12, 601.45 Free Free Free. 
Cerium chloride, oxide, compounds 418.40, 418.42, 10.1% ad 7.2% ad 35% ad valor- 
418.44 valorem. valorem. em. 
Rare-earth oxides except cerium oxide 423.0030 4.2% ad 3.7% ad 25% ad valor- 
valorem. valorem. em. 
Rare-earth metals (including scandium 632.38 ____do ... ka: nO us Do. 
and yttrium). 
Alloys wholly or almost wholly of rare- 632.78 38 cents per 32 cents per $2 per pound. 
earth metals (mischmetal). pound. pound. 
Other alloys wholly or almost wholly of 632.79 31 cents per 20 cents per $2 per pound 
rare-earth metals. pound plus pound plus plus 25% ad 
3.8% ad 2.4% ad valorem. 
valorem. valorem. 
Ferrocerium and other pyrophoric alloys 755.35 32 cents per 22 cents per Do. 
pound plus pound plus 
3.9% ad 2.6% ad 
valorem. valorem. 
Inorganic chemicals (includes yttrium 603.70 5.9% ad 5% ad 30% ad valor- 
concentrates’). valorem. valorem. em. 


1Crude or concentrated by crushing, flotation, washing, or by other physical or mechanical processes that do not 
involve substantial chemical change. 
2Includes materials concentrated by chemical processes that involve substantial chemical change. 


Table 3.—U.S. imports for consumption of monazite, by country 


1980 1981 1982 1983 1984 
Country Quan- Value Quan- — Value Quan — Value — city Value Quan- Value 
(metric (thou (metric (thou (metric (thou- (metric (thou- (metric (thou- 
tons) nds) tons) nds) tons) Sands) tons) Sands? tons) Sands) 
Australia 4,933 $1,749 7,469 $3,158 6,600 $2,830 3,126 $1,395 5,610 $2,156 
Malaysia 215 101 NS ber 603 240 302 122 EM uec 
South Africa, Re- 
public off ae Las TM dna P ES ER ate 51 46 
Total 5,148 1.850 7,469 3,158 7, 203 3,070 4,028 1.517 5,661 2.202 
REO content? .. 2,831 XX 4,108 XX 3,962 XX 2,215 XX 3,114 XX 
*Estimated. XX Not applicable. 
Table 4.—U.S. imports for consumption of rare earths, by country 
1982 1983 1984 
Country Quantity Quantity Quantity 
(kilo- Value (kilo- Value (kilo- Value 
grams) grams) grams) 
Cerium chloride: 
Germany, Federal Republic of 1,096 $18,334 rs ics m — 
Malaysia EPA Hem a e 101,092 $754,588 
Netherlands e - 221 $5,136 ns = 
/ ³ꝛ w ee tds 1.096 18,334 227 5,136 701,092 754,588 
Cerium compounds: 
France se osteo ee ie 5,700 61,616 3,500 13,505 1,000 4,778 
Germany, Federal Republic ok 18 7,410 25 9,433 42 10,373 
));;;ö;Ä;—oſ 8 sect i 800 1,038 207 9,226 
South Africa, Republic ot EU "e 2 791 e" mee 
Switzerland ____________________ ES en 2 610 1 266 
United Kingdom |... 6 2,302 iia m 5 783 
Total ae ũ als 5,724 71,328 4,329 25,437 1,255 25,426 
Cerium oxide: 
AUSLFIB —— ⁰0mmmm ĩꝛ A 8 2p EEN 68 674 68 738 
BUI! 8 WS os 18,120 6,504 TR at 
FFF! ͥͥͥ ³Üo ¾⁵ꝛ˙ðꝛÜ¼Ü?˙ʃi 3 26,239 72,912 6,239 78,136 3,790 53,891 
Germany, Federal Republic of... 7 727 381 12 1,457 
5); ³Ü”rDA.. ⁰⁰ aT etl ints a 835 7,692 3,357 30,522 
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Table 4.—U.S. imports for consumption of rare earths, by country —Continued 


1982 1983 1984 
unt Quantit uantity Quantity 
Country (kilo- 4 Value lo Value (kilo- Value 
grams) grams) grams) 
Cerium oxide —Continued 
Switzerland ____________________ oe "" 3 $335 6 $1,207 
United Kingdom PRE T 50 536 40 287 
lll ee aE 26,246 $14,639 25,317 94,258 7,213 88,102 
Cerium salts: 
Finland. ³Ü ˖ ee ee EE ene 15,300 18,339 "m sat Ss t T€ 
Fl he dr eU Se xt eats 1,760 6,580 E S 
United Kingdom 120 1,012 EN x = E» = 
Total ea en eee E e ed 15,420 19,351 1,760 6,580 ze NS 
Rare-earth oxide excluding cerium oxide: 
Austria... oe See eee DN RR — a 50 2,646 
Belgium a es 55 25,906 16,803 42,856 
Brági-—— a ee Se ee E 300 27,235 54,999 575,850 S 
Canada -—-----------------——- = 100 128,611 83,815 23,264 
FFP ↄ 00000 ee 1.300 71,168 19,575 450,033 4,058 263,084 
WOE CG t. y LE 140,020 7,141,420 206,345 9, 393,632 271,555 13,880,011 
Germany, Federal Republic okt 17,116 2,258, 877 702 191,953 1,078 284,165 
fir cee ———— 38 19,543 ET D xs ze 
Indiá- eee LUE "n M ec "S 199,998 192,500 
lah 3. 2 m ee a a . == 22,640 10,466 Ir Mr 
SODA o . é 10,292 1,221,724 10,983 585,262 14,311 1,034,997 
Korea, Republic off RU unas EN ent 68 5,087 
Malaysia | - - -- --------------——- KM ae 213,591 251,022 214,592 295,907 
Miss 88 on acts obese M 50,499 2,222 
Netherlanßdsss _ 50 26,269 a D 54 23,459 
N A 4,770 517,124 7,128 778,743 6,168 659,184 
Switzerland _______________-___-_ 6 3,180 5 4,790 » hes 
non J). 8 m du 500 31,184 MEX EM 
JJ). a ete et 10,746 1,143,593 12,657 1,237,136 11,984 747,572 
United Kingdom . nn 8,316 19,889 31 6,196 225 28,541 
Total ui A 192,954 12,510,022 609,317 13,670,784 935,258 17,485,495 
Rare-earth alloys:! 
Austria- oe xus ED 17,500 161,506 um -- 52,463 444,685 
!;;vs ee 40,000 312,758 65,147 457,419 19,993 526,021 
Germany, Federal Republic og 4,858 44,531 9,870 143,328 11,276 100,653 
United Kingdom 769 139,542 237 41,038 5 485 
Total ß hLus 63,127 658,337 19,254 641,785 143,787 1,071,854 
Rare-earth metals including scandium and 
yttrium 
Chin. oc unc E uL 2,100 52,068 s P 1,573 59,526 
Francè nud uev ui ee ee 500 14,984 50 1,805 ed FM 
JBDAR- nea desse epi 550 47,483 81 12,679 SS fics 
Malaysia "m NS s NA 40 644 
USSR cte eg a R = ee 300 70,500 700 164,735 
United Kingdom ________________- 68 24,394 370 97,258 2,008 394,484 
Totum ar Lon ee net 3,218 138,929 801 182,242 4,316 619,389 
Other rare-earth metals: 
iii cut s T ne RRR Em 1,000 1,181 
Franee ze E ENE M er 135 3.979 
Germany, Federal Republic of |... 6 928 46 5,524 77 7,514 
)õ;⁵¹ò¾n 8 45 2,233 422 8,237 "T n 
United Kingdom aces a 5 359 X ue 
Total 25-2 ¹¹wm 51 3,161 413 14,120 1,212 12,674 
Ferrocerium and other pyrophoric alloys: 
Austria.. 2,367 33,340 953 13,430 937 12,875 
e ee Be etre e 14, 954 212,450 28,839 396,715 47,388 685,088 
France. ln E 41, 968 571,079 54,321 516,549 12,470 695,395 
German Democratic Republic MN ore dia TN 170 1,589 
Germany, Federal Republic off 462 7,266 NA us 459 5,340 
ôöÜài gym mwmd 8 6 286 T" PN n Y 
J/%%% AAA Lie t LEE 19,375 251,989 13,190 176,108 15,537 204,308 
Sweden—--------------------_—- au NE 6,694 7,816 s 8 
Sinn e Een e zs 91 410 lacs TM 
United Kingdomnmnmnn „ 606 10,163 608 14,288 1,167 45,965 
Total o eu nim Rer S ur et AE 85,738 1,092,173 104,696 1,185,316 138,128 1,650,560 


! Essentially all mischmetal. 
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WORLD REVIEW 


Bastnasite was the world’s principal 
source of rare earths. It was mined as a 
primary product in the United States and 
as a byproduct of iron ore mining in China. 
Significant quantities of rare earths were 
also recovered from monazite, a byproduct 
of minerals sands mined for titanium and 
zirconium in several countries and for tin in 
Malaysia and Thailand. Smaller quantities 
of rare earths, especially yttrium, were 
obtained from the yttrium-rich minerals 
sands byproduct xenotime. Xenotime was 
mined primarily in Malaysia as a byproduct 
of processing tin ore, but was also produced 
in Australia, China, and Thailand. 


World rare-earth reserves were estimated : 


by the Bureau of Mines at 45 million tons of 
contained REO, of which 19% is in market 
economy countries. China, with 80%, had 
the largest share of world reserves. 

Australia.—Allied Eneabba Ltd. report- 
edly produced 9,843 tons of monazite in 
1984, a 6% decrease from the 10,429 tons 
produced in 1983. The decrease was attrib- 
uted to the breakdown of an overland con- 
veyor system and was reportedly responsi- 
ble for an overall 3% decrease in the compa- 
ny's minerals sands production. However, 
sales of monazite increased 21% compared 
with 1983 levels, and monazite accounted 
for 12% of the minerals sands revenues 
generated at Allied. During the year, Allied 
acquired minerals sands leases by purchas- 
ing 1,123 hectares of land at Eneabba, 
Western Australia. Total proven and proba- 
ble ore reserves for Allied at yearend were 
10.8 million tons of heavy minerals. The 7% 
reduction from 1983 reserves included 6% 
that was mined in 1984 and 1% reclassified 
out of reserve status.’ 

Allied, in cooperation with a Japanese 
company, was reportedly studying a plan to 
build a US$50 ($A60) million processing 
plant to treat monazite and produce rare- 
earth compounds. The plant reportedly 
would also treat monazite from other pro- 
ducers in Western Australia that, combin- 
ed, supplied nearly one-half of the world’s 
supply of monazite.’° 

Associated Minerals Consolidated Ltd. 
(AMC), a wholly owned subsidiary of Reni- 
son Goldfields, improved monazite recovery 
rates at its Eneabba, Western Australia, 
processing plant. The relocation of a bucket 
wheel excavator from AMC’s east coast 
operations to Capel, Western Australia, re- 
portedly reduced minerals sands mining 
costs by 40%." 


An agreement was reached between Con- 
solidated Rutile Ltd. (CRL) and AMC for the 
acquisition of assets on North Stradbroke 
Island owned by AMC and its subsidiary, 
Titanium and Zirconium Industries Pty. 
Ltd. The assets CRL was to acquire, in the 
first quarter of 1985, included housing, 
heavy minerals sands processing plants, 
stocks of ilmenite, and a 1,400-ton-per-hour 
dredge that was already operating on CRL’s 
leases near Amity on the north side of 
North Stradbroke Island. The agreement 
may have been prompted by AMC’s failure 
to receive Government approval to export 
products derived from its leases on Moreton 
Island. AMC’s leases on Moreton Island will 
reportedly not be relinquished because the 
heavy mineral reserves are the last known 
extensive deposit on the east coast. 

CRL announced that it would commit 
US$26 ($A31) million to the development of 
its Gordon heavy minerals leases on the 
southern end of North Stradbroke Island. A 
new dredge and plant there reportedly will 
have a capacity of 2,700 tons per hour, 
similar to the capacity of CRL’s mine at 
Bayside on the western side of the island. 
Mining was scheduled to begin at the Gor- 
don leases in the first half of 1985.15 

In 1984, Rutile & Zircon Mines (Newcas- 
tle) Ltd. (R & Z Mines) reportedly planned 
to move over the next 2 years to new miner- 
als sands leases located 4 to 5 kilometers 
north of the current Hunter River, New 
South Wales, workings. R & Z Mines oper- 
ated two dredge-concentrator units, one at 
Tomago and the other at a site north of the 
Hunter River; both mines supplied the R & 
Z Mines dry processing plant in Tomago, 
near Newcastle, New South Wales.“ 

In return for surrender of heavy minerals 
sands leases on Moreton Island, Bribie Is- 
land, Curtis Island, and along the central 
coast of Queensland, the State government 
reportedly offered the two companies 
involved development leases at Inskip 
Point, Queensland. The companies, Mur- 
phyores Holdings Ltd. and Mineral Deposits 
Ltd., were prohibited from mining along the 
coastal areas of Queensland to allow for the 
expansion of national park, port, and indus- 
trial sites. 

In Western Australia, Cable Sands Pty. 
Ltd. reported that 1983 had been a record- 
high year for production. About 600 tons of 
monazite and 30 tons of xenotime were 
produced at Cable’s Bunbury plant in 1983. 
In 1984, the company was in the process of 
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moving its mining and wet-processing oper- 
ations from Capel, Western Australia, to an 
area 4 kilometers north of Capel. A second, 
smaller plant was planned to start produc- 
tion at yearend at a site 40 miles north of 
Bunbury. Cable planned to make a more 
substantial move in a few years from its 
new Capel location to a coastal site, where it 
was expected to switch to a dredge-type 
operation.!* 

Westralian Sands Ltd. at Yoganup, West- 
ern Australia, installed new gravity concen- 
trator equipment at its Yoganup Extended 
Mine, increasing minerals sands through- 


put from 320 to 400 tons per hour. The | 


higher capacity was reportedly necessary to 
offset a decline in ore grades. Monazite 
production was about 2,100 tons, 600 tons 
more than in 1983.17 

Brazil.—Production of various rare-earth 
compounds, in kilograms, was as follows: 


Year Carbonate Chloride Oxide 
1979 _______ 14,000 2,725,000 16,000 
1980 5,750 2,011,456 11,716 
1981 _______ 5,550 1,910,100 21,605 
1982 11,500 1,882,700 54,100 
1988 _______ 8,250 2,002,347 16,160 


Production of crude monazite ore in 1983 
was 915 tons from the State of Espírito 
Santo and 5,015 tons from the State of Rio 
de Janeiro. _ 

According to Anuário Mineral Brasileiro 
1984, measured reserves of monazite were 
17,839 tons with an REO content of 10,668 
tons. Monazite reserves were located in the 
States of Espírito Santo, Paraná, and Rio de 
Janeiro. Rare-earth resources of 50,000 
tons of REO were contained in clayey ore in 
the Pocos de Caldas region. 

Canada.—Highwood Resources Ltd. an- 
nounced the discovery of a beryllium- 
yttrium deposit at Thor Lake, 65 miles 
southwest of Yellowknife, Northwest Terri- 
tories. Reserves delineated in two zones 
amounted to 479,000 tons at a grade of 1.4% 
beryllium oxide in the North (T) Zone and 
1.3 million tons of 0.66% beryllium oxide in 
the South Zone. Initial testing of drill cores 
indicated that 1.8 to 2.3 kilograms of yttri- 
um oxide per ton was contained in the 
beryllium ore.!? 

China.—Mitsui Mining & Smelting Co. 
Ltd., a producer of REO's in Japan, report- 
edly signed a 5-year contract to import 200 
tons of rare earths per year from China. 
The rare-earth material is to be supplied 
from the Xun Wu Mine in Jiangxi Province, 
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China. The mine and plant at Xun Wu 
recover rare-earth concentrates from a re- 
sidual clay deposit containing high-grade 
samarium and europium.”° 

Principal destinations of exports of rare 
earths in 1983 were the Federal Republic of 
Germany and Japan. Products that were 
exported included rare-earth chloride, rare- 
earth metals including yttrium and samar- 
ium, ferrocerium, and yttrium oxide.?! 

India.—Monazite and other heavy miner- 
als have been identified in beach sands on 
the Thanjavur coast in the State of Tamil 
Nadu. The deposit’s monazite content is 
reportedly at least equal to Indian Rare 
Earths Ltd.'s (IRE) Manavalakurichi depos- 
it in Tamil Nadu. India's Department of 
Geology & Mining is scheduled to conduct a 
detailed geological investigation to deter- 
mine reserves and study minerals sands 
deposition rates in the area.?? 

Production by IRE in 1983-842 declined 
for the second year in a row. Rare-earth 
chloride production decreased from 3,464 
tons in the 1982-83 financial year to 2,879 
tons in 1983-84. IRE's rare-earth division 
processed 2,903 tons of monazite during the 
12-month period. | 

Construction work at IRE's Orissa Sands 
Complex in Orissa was in its final stage. 
The dredge and wet concentrator plant was 
commissioned and trial runs at the dry mill 
were reportedly in progress. It was expected 
that the complex will be partially commis- 
sioned during 1984-85. 

Japan.—Demand for rare earths in 1983 
was reported as follows: Catalysts, 250 
tons; cerium oxide, 1,600 tons; europium 
oxide, 7 tons; lanthanum oxide, 200 tons; 
mischmetal, 280 tons; rare-earth fluoride, 
40 tons; samarium oxide, 180 tons; yttrium 
oxide, 170 tons; and other REO’s, 120 tons. 

Imports of rare earths in 1984 were re- 
ported in the Japan Metal Journal, as 
follows: 


Quantity 
Product (kilograms) 

Cerium fluoride _________________ 274 

Cerium oxide 57,088 

Ferrocerium and other pyrophoric alloys _ _ 20,909 

Lanthanum oxide ________________ 226,036 

Rare-earth chloride 3,745,521 
Rare-earth metals including yttrium and 

Sf eae 131,279 

Yttrium oxide 263,335 


Principal sources of imported compounds 
were Brazil, China, France, India, and the 
United States. Leading sources of rare- 
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earth metals and alloys were Brazil, China, 
France, and the United States. 

Mitsubishi Metal & Mining Co. reported- 
ly concluded a 5-year contract to purchase 
ore from the Xin Wu Mine in Kiangsi 
Province, China. Mitsui Mining & Smelting 
carried out preliminary separation of the 
Chinese ore at its Miike factory in Japan. 
Final separation of the concentrate was 
completed by Mitsui Mining & Smelting 
and Nippon Yttrium K.K., on a 50:50 joint 
venture with Tohuku Kinzoku Kagaku.7e 

Demand for samarium oxide and samar- 
ium metal was strong in 1983, and produc- 
tion of rare-earth magnets, primarily 
samarium-cobalt magnets, increased to 270 
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the heavy minerals sands mined at Pulmod- 
dai, on the northeastern coast, contained 
70% to 72% ilmenite, 8% to 10% zircon, 8% 
rutile, and 0.3% monazite. Production of 
monazite from the island was about 70 tons 
per year. Ceylon Mineral Sands Corp., a 
wholly owned Government corporation, re- 
mained the sole mining and processing 
operation. 

Thailand. Monazite and xenotime were 
produced as byproducts of processing miner- 
als sands for tin. Production of xenotime 
concentrates was as follows:?? 


: : $23 d. Quantity 
tons, 50% more than in 1982. Mitsubishi Year (metric tons) 
Kasei Kogyo, one of the Japanese producers 1775 
of REO's, expected to produce about 30 tons 19800000... 52 
of samarium oxide per year from their 198----------------------- 2 
Kurozaki plant.“ D. MERE 8 38 

Sri Lanka.—The mineral composition of 
Table 5.—Monazite concentrate: World production, by country! 
(Metric tons) 
Country? 1980 1981 1982 1983P 1984* 
Australia 14079 113,282 9,562 15,000 15,000 
CJI!ÜÜ ⁰Tfw .f... ³A 1 ³ -a eh es EEE 532 2,100 1,7 5,256 6,000 
Indi c es Cd 3,395 3,704 i *4,000 4,000 
Malaysia (ex ports !!; ) „„! „ 347 320 582 1,051 1,000 
ti Lanka -c a cone oe ĩð A essc ud 63 60 304 *300 300 
Thailand __________________________________ 152 107 162 277 250 
United States _______________ ~~ _-~_-___-______- W W W W W 
)))) y RUE 51 "35 32 8 5 
Total 23 ieee et ee ee ⁵ 88 20,619 — "19,608 16,410 25,892 26, 555 
. PPreliminary. Revised. W Withheld to avoid disclosing company proprietary data; not included in 
66 o Pd: 


1Table includes data available through Apr. 23, 1985. 


2In addition to the countries listed, China, Indonesia, North Korea, the Republic of Korea, and Nigeria may produce 
monazite, but output, if any, is not reported quantitatively, and available general information is inadequate for 


formulation of reliable estimates of output levels. 
Pata are for years beginning Apr. 1 of that stated. 


TECHNOLOGY 


In 1984, the Crucible Magnetics Div. of 
Colt Industries announced the development 
of an improved neodymium-iron-boron mag- 
net having the highest magnetic energy 
product ever achieved with a permanent 
magnet, 42.9 megagauss oersteds (MGOe). 
The company expects production magnets 
to have strengths in the range of 30 MGOe 
to 40 MGOe. The higher strength neodym- 
ium-iron-boron magnets are expected to be 
used in high-torque miniaturized motors 
in a wide variety of applications. These 
new magnets may partially replace the 
best previously available magnets, samar- 
ium-cobalt, which have magnetic energy 


products in the range of 16 MGOe to 25 
MGOe. 

A new nickel-base, high-temperature al- 
loy, containing 16% chromium, 2.5% iron, 
4.5% aluminum, and a small amount of 
yttrium, was developed by Cabot Corp. The 
alloy, No. 214, reportedly has outstanding 
resistance to oxidation through 2,200° F, as 
well as good resistance to carburization and 
chlorine attack. Potential applications for 
the alloy are in support systems for ceramic 
firing kilns, in roller hearth and muffle 
furnace components, as electric heating ele- 
ments, as tubing in strand annealing fur- 
naces, in high-temperature test racks, and 
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in gas turbine engine hot spots.?! 

Researchers at Ford Motor Corp. devel- 
oped an oxygen analyzer to accurately and 
rapidly measure the air-to-fuel ratio of any 
combustion process. The device is also capa- 
ble of measuring oxygen concentrations. 
Oxygen concentration is determined by util- 
izing an yttria-doped zirconia sensor. The 
analyzer was designed to determine the 
oxygen equivalence and air-to-fuel ratios of 
diesel and spark-ignited internal combus- 
tion engines burning conventional or non- 
conventional fuels and may also be used to 
analyze combustion in oil and coal power 
production processes in the home and in 
commercial heating and cooling systems.“ 

Mitsui & Co. and Japan Metals and 
Chemicals Co. Ltd. jointly developed a hy- 
drogen absorbing-desorbing battery that 
uses lanthanum-mischmetal nickel dihy- 
dride. Containing 300 kilograms of lantha- 
num: rich mischmetal, the battery will re- 
portedly absorb 60 cubic meters of hydrogen 
gas when fueled at a pressure of 9.8 kilo- 
grams per square centimeter and desorb the 
gas at a pressure of 6 kilograms per square 
centimeter. An experimental model of a 
hydrogen-powered car employing this sys- 
tem was successfully tested on the Fuji 
Speedway in Japan. The battery can report- 
edly power a hydrogen combustion car for 
200 kilometers on a single charge. 

Gadolinium-153 has become the most 
used radioisotope for pharmaceutical appli- 
cations. The isotope is a key component in a 
scanning device for detection and therapeu- 
tic followup of bone mineral loss. Gadolin- 
ium's two characteristic radiations, a 100- 
kiloelectron-volt gamma ray and a 43- 
kiloelectron-volt X-ray, are compared after 
passing through bone to determine bone 
density using absorption ratios. The rare- 
earth isotope is produced at Oak Ridge 
National Laboratory's high-flux isotope re- 
actor by irradiating europium. 

An optically transparent lead-lantha- 
num-zirconate-titanate (PLZT) ceramic de- 
veloped in 1969 by Sandia National Labora- 
tories to protect vision from thermonuclear 
flashblindness will reportedly be used in 
cockpit window panels in Rockwell Interna- 
tional’s B-1B bomber. The open and closed 
states of the PLZT is typically 20% and 
0.006% light transmission, respectively. 
When a light hazard is detected by the 
sensor, closure time is less than 150 mi- 
croseconds. Sandia designed and developed 
PLZT flyers' goggles in 1975 that unfortu- 
nately blacked out not only visual contact 
with flight hazards outside the aircraft but 
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the cockpit instrumentation as well. The 
new window panels will allow pilots to 
maintain visual contact with cockpit instru- 
mentation during a nuclear blast. The 
PLZT material will repo y provide suffi- 
cient visibility in the open state for taxi, 
takeoff, and all mission phases except dur- 
ing nuclear flare. The panels reportedly 
must be removed before touchdown to pro- 
vide sufficient visibility. 

A magneto-optical recorder that stores 
information on a thin amorphous layer of 
gadolinium-terbium-iron was built by scien- 
tists at Philips Forschungs Laboratory in 
Hamburg, Federal Republic of Germany. 
Other storage layer materials that were 
successfully tested were mixtures of gado- 
linium, iron, terbium, tin, and bismuth. 
Information was written to and read out by 
a low power semiconductor laser. Data are 
recorded thermomagnetically by applying 
light impulses and magnetic field pulses 
simultaneously to the rare-earth-containing 
disk using heat from laser light pulses to 
reverse the magnetic domains on the disk. 
For readout, less light is focused on the disk 
and stored data are detected by a photodi- 
ode array. Potential applications of the 
recorder lie with small personal computers 
or minicomputers, with each 5-centimeter 
disk having a 10-megabyte capacity.*¢ 

A laser system being developed for laser- 
induced fusion by the U.S. Department of 
Energy at Lawrence Livermore National 
Laboratory set a new record for energy and 
power production. Using 8 of the 10 neo- 
dymium-glass solid-state lasers that are 
part of the Nova system, 57 trillion watts of 
infrared laser light was delivered in a single 
pulse of one-billionth of a second. Advance- 
ments in laser-induced fusion could result 
in low-cost nonradioactive electrical power 
generation if an element such as hydrogen 
can be fused successfully. Hydrogen fusion 
is the process that generates most of the 
Sun's energy. 

The strongest ceramic material yet to 
be developed was produced using yttria- 
densified beta sialon (Si-Al-O-N). Using mix- 
ed aluminum oxide and silicon nitride pow- 
ders, corresponding to various sialon compo- 
sitions, researchers were able to produce 
larger volumes of lower viscosity liquids by 
using additives as magnesia and yttria. This 
allows the beta form to be sintered to 
theoretical density without the application 
of pressure. With proper heat treatment or 
controlled cooling, beta sialon with grain 
boundaries of yttrium sialon (Y-Si-Al-O-N) 
glass are produced with intragranular crys- 
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talline yttrium-aluminum garnet (VAG). 
The extremely strong ceramic material is 
reportedly easier to manufacture and shape 
than ordinary silicon nitride, and by chang- 
ing the powder composition and heat treat- 
ment, a variety of mechanical and physical 
properties may be produced. Cutting tools 
from a glassy version of the ceramic are 
said to be superior to hard metal or alumi- 
na. Other applications under consideration 
include metal tube and wire drawing dies, 
ball and journal bearings, and welding 
shields and nozzles.** 

The progress of research into the develop- 
ment of a new class of high-performance 
permanent magnets prepared from neodym- 
ium-iron-boron and _ praseodymium-iron- 
boron alloys was published by research- 
ers at General Motors Corp.“ Using rapid 
quench-techniques, high-coercivity (resist- 
ance to demagnetization) unachievable by 
conventional powder metallurgy methods 
has been obtained by crystallization of an 
amorphous precursor or by direct quench- 
ing from a melt. A maximum energy prod- 
uct of 14.1 MGOe, the largest value ever 
reported for a light rare earth-iron magnet, 
was attained. 

Researchers at Sumitomo Special Metals 
Co. Ltd. in Japan published a paper on the 
synthesis of a neodymium-boron-iron per- 
manent magnet by powder metallurgical 
processes. A record high-energy product of 
36.4 MGOe was obtained. It was noted that 
additions of cobalt or small additions of 
"heavy group" rare earths improved the 
relatively low-curie temperature of the 
high-magnetic-strength alloy.“ 


Physical scientist, Division of Nonferrous Metals. 

?Unocal Corp. 1984 Annual Report. 48 pp. 

*Renison Goldfield Consolidated Ltd. Annual Report 
1984. 39 pp. 

*Industrial Minerals (London). Carbide Buys Cracking 
Catalysts. No. 200, May 1984, p. 23. 

Engineering and Mining Journal. New York—Recovery 
of Rare Earths. V. 185, No. 1, Jan. 1984, pp. 76-77. 

Free on board / free into container depot. 

Values have been converted from Australian dollars 
($A) to U.S. dollars (US$) at the rate of $A1.1117 = US$1.00 
based on yearend 1983 foreign exchange rates from the 
Wall Street Journal. 

Values have been converted from Australian dollars 
($A) to U.S. dollars (US$) at the rate of $A1.2070= US$1.00 
based on yearend 1984 foreign exchange rates from the 
Wall Street Journal. 
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Salt 


By David E. Morse! 


Total production of all types of salt in- 
creased 19% in 1984 reversing the down- 
ward trend of the previous 4 years. Salt sold 
or used by producers increased 4.65 million 
short tons; imports for consumption were 
up more than 1.5 million tons; and apparent 
consumption of salt increased by over 5.8 
million tons. Salt used for deicing purposes 
from domestically produced rock salt and 
bulk salt imports, was responsible for the 
greatest share of increased consumption. 
Salt sold for animal feed uses declined by 
about 100,000 tons. 

Salt consumption by food-related indus- 
tries was virtually unchanged despite in- 
creased consumer awareness of the alleged- 
ly harmful effects of excess salt in the diet. 
Vacuum pan salt sold to grocery stores 


declined, however, by over 100,000 tons 
indicating that consumers had become more 
salt conscious and were restricting their 
intake. 

Domestic Data Coverage.—Domestic pro- 
duction data for salt are developed by the 
Bureau of Mines from two voluntary sur- 
veys of U.S. operations. Typical of the sur- 
veys is the salt company survey. Of the 44 
companies to which a survey request was 
sent, 39 responded, representing 96% of the 
total production shown in table 1. Produc- 
tion for the five nonrespondents was esti- 
mated using reported 1983 production levels 
adjusted by trends in employment and oth- 
er guidelines. One producer reported no 
production. 


Table 1.—Salient salt statistics 
(Thousand short tons and thousand dollars) 


1980 1981 1982 1983 1984 
United States: 
Production 41,483 38,899 37,665 32,973 39,181 
Sold or used by producer) 40,352 38,907 37,894 34,573 39,2: 
III 8 $656,164 $637,568 $671,424 $597,081 $675,099 
Exports d ees 8 1,046 1.001 517 820 
Malue- occat Ä km Ei bL $12,829 $17,429 $16,647 $12,368 $15,299 
Imports for consumption ________________~- 5,263 4,319 5,451 5,997 7,545 
COLD T EE ETC" $44,071 $44,523 $56,184 $60,194 $74,100 
Consumption, apparent? ________________- 44,784 42,180 42,344 40,053 45,950 
World: Production 186,156 189,198 179,923 175,563 185,132 
“Estimated. Preliminary. Revised. 
1Excludes Puerto Rico. 
2Sold or used plus imports minus exports. 
DOMESTIC PRODUCTION 


The total quantities of salt produced and 
salt sold or used by domestic producers 
increased 19% and 13%, respectively, com- 
pared with the depressed levels of 1983. 
In 1984, 43 companies operated 81 salt- 
producing plants in 15 States. Nine of the 
companies sold or used over 1 million tons 


each, accounting for 77% of the U.S. total. 
The six leading States in quantity of salt 
sold or used were Louisiana, 34%; Texas, 
21%; New York, 15%; Ohio, percentage 
withheld to avoid disclosing proprietary 
data; Kansas, 4%; and Michigan, 4%. A 
significant quantity of the salt produced in 
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Louisiana, New York, Texas, and West 
Virgina was produced as brine and was sold 
or used as such. 

The most significant increase in 1984 was 
in rock salt production. Large quantities of 
rock salt were purchased by State and 
municipal governments in 1982. These large 
quantities and the relatively mild winter of 
1982-88 caused a drop in salt demand for 
deicing in 1983. The excess salt inventories 
were used during the winter of 1983-84 and 
resulted in a more normal demand in 1984, 
which, in turn, required an increase in rock 
salt production. 

The proportion of salt sold or used by 
domestic producers, by type, was as follows, 
in percent: 


1983 1984 

Salt in brine- e 55 50 

Mined rock salt 29 35 
Vacuum pan salt and grainer or 

open pan salt 10 9 

Solar- evaporated salt 6 6 

f/ ³ĩðEꝛ dcc 100 100 


International Salt Co. Inc. was in the 
process of improving efficiency at its Avery 
Island, LA, rock salt mine. Deepening of the 
production shaft would allow skip loading 
at the 900 foot level and would replace an 
underground conveyor system that carried 
salt to the 500 foot level for hoisting to the 
surface. New scaling and drilling machin- 
ery were purchased and underground stor- 
age was expanded. International's Retsof 
Mine in Livingston County, NY, celebrated 
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its centennial year by becoming the first 
North American mine to hoist its 100 mil- 
lionth ton of salt. 

Morton Thiokol Inc. planned to increase 
production capacity at its Weeks Island, LA, 
rock salt mine. Underground improve- 
ments, increased hoisting capacity, and ex- 
pansion of surface facilities for handling 
and transfer to barge, truck, and rail were 
designed to increase capacity by 300,000 
tons per year. Morton closed its Marysville, 
MI, evaporated salt plant in November, 
citing a decline in table salt use. 

Cargill Inc. began constructing a solar 
evaporation facility near Freedom, OK. The 
planned capacity was 200,000 tons per year 
with construction projected for completion 
in 1985. Planned salt products were com- 
pressed pellets for water softening, blocks 
for livestock nutrition, and bulk and pack- 
aged salt for chemical and other commer- 
cial uses. Cargill permanently shut down its 
Belle Isle, LA, rock salt operation in Febru- 
ary after engineering studies revealed that 
the mine could be in danger of collapsing. 

High water levels, as a result of spring 
runoff into Great Salt Lake, adversely af- 
fected the solar salt facilities that used lake 
water as a brine source. The outer dike of 
Great Salt Lake Minerals & Chemicals 
Corp. was breached, which allowed the 
flooding of about 85% of the company's 
evaporation ponds, diluting brine and seri- 
ously affecting salt production for several 
years. In addition to damage caused by the 
high water level, fresh water had diluted 
the average sodium chloride content in the 
lake by nearly 35%. 


Table 2.—Salt sold or used by producers in the United States,' by recovery method 
(Thousand short tons and thousand dollars) 


Recovery method 
Evaporated: 
Bulk: 
Open pan or grainer and vacuum pan 
d ic toris anite ⁵ ͤ ( ĩð K i es 
Pressed blocks 
Total ite AA ccu) mte uer AR rece 
Rock: 
wlk cecinerunt us Ec e LIRE LLL URN E dS ui f 
Pressed blocks 


Total? 
Salt in brine (sold or used as such) 


Grand total? 


1Excludes Puerto Rico. 


i Áo ooo 


1983 1984 

Quantity Value Quantity Value 
8 3,309 289,165 3,322 307,690 
3 1.962 42,117 2,345 46,120 
mor" 408 28,155 542 33,424 
Endesa 5,680 360,037 6,209 387,234 
x e 9,867 132.537 13,276 182,905 
a ere 73 5,644 71 5,697 
pete. 9,941 138,180 13,348 188,602 
BS Mose 18,952 98,864 19,669 99,263 
om 34,573 597,081 39,225 615,099 


?Data may not add to totals shown because of independent rounding. 
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Table 3.—Salt sold or used by producers in the United States, by State 


(Thousand short tons and thousand dollars? 


1983 
State 

Quantity 

U õ·;³ð ] ³ ² ˙.w m y A IM uU LE I 
Kansas „ 1.719 
FI%%˙ũũ nimm ³⁰¹wrr ð2 88 11,544 
Michigan: 2: St oo ee AAA ³ĩͤAAAA oe. Dee 1,355 
New-York. nien Sa ge a E 8 4,859 
CC)! ͥ a fue ceti gut r0r„0Kßiw- 8 2,565 
To MeV SEIL ⁵ ͥ⁰⁰ͥſyſ y ĩ 8,028 
EC! Ss ee, ...r... 8 936 
West Virginia: ss mee ue 246522 1,026 
Ober occa , e Er ao E E 2,541 
Ä ³˙www. ³o˙mwy²²q ͥ Lut NL DLE EE 34,573 
Puerto neee 8 32 


*Estimated. W Withheld to avoid disclosing company proprietary data: included with Other.“ 


1Quantity and value of brine included with Other.“ 


67,195 
100,936 
93,306 
100,119 
85,988 
65,670 
23,184 
W 
60,683 


597,081 
670 


1984 
Quantity 


W 
1,712 
13,101 
1,491 
5,644 
W 
8,184 
1,246 
1,004 
6,844 


339,225 


30 
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Value 


W 
11,558 
112,142 
93,860 
123,755 
W 


69,672 
28,651 
W 


175,461 


615,099 
630 


2Includes Alabama, Arizona, California, Kansas (brine only), Nevada, New Mexico, North Dakota, Oklahoma, and 


items indicated by symbol W. 
3Data.do not add to total shown because of independent rounding. 


Table 4.—Evaporated salt sold or used by producers in the United States, by State 


(Thousand short tons and thousand dollars) 


1983 
State - 
Quantity Value 
!( ek Sh ee ³ðW—Wm 8 928 59,402 
Louisiana ia 5 ⁰ es oh ce ( 219 18,868 
Me 1,006 87,893 
CCC ˙ n!... y h ʒ 627 55,531 
)))/.ãͤ ³·Ü¹-wm ⅛ rv mk; tM 893 22,692 
DINaE Scio c ore é 2,006 115,651 
. e alla erat eA perte o oh eee ied ed 5,680 360,037 
Puerto Rico __________________________________ 32 670 
*Estimated. 
Includes Arizona, California, New Mexico, North Dakota, Ohio, Oklahoma, and Texas. 
2Data may not add to totals shown because of independent rounding. 
Table 5.—Rock salt sold by producers in 
the United States 
(Thousand short tons and thousand dollars) 
Year Quantity Value 
T980 enar eas s 11,806 176,541 
1981 L 2222222222- 11,871 167,179 
| | en a S A a 13,503 192,202 
198g E E ee 9,941 138,180 
PORE ae A ?; 13,348 188,602 


Table 6.—Pressed salt blocks sold by original producers of salt in the United States 


(Thousand short tons and thousand dollars) 


From „ Fromrock sali 
Year = 

Quantity Value Quantity Value 
)%%Jüööĩ§ö»%tüĩĩ ¹ ² HZ ⁊ꝛ . Reader Ee uer 393 24,412 65 4,502 
IJ.˖ũ ³⁵ð é 404 26,099 62 4,723 
1 ĩðͤ A 447 29,614 72 5,592 
öCõ·˙dddn d 408 28,755 73 5,644 
IJ/öôͤ˙«’ÜCd ðͤ-V 8 542 33,424 71 


5,697 


1984 
Quantity Value 

906 62,505 
203 18.510 
960 88.048 
661 60,631 
1.173 27,752 
2,306 129,789 
6,209 381,234 
30 630 

Total! 
Quantity Value 
458 28,914 
466 30,822 
519 35,207 
482 34,398 
614 39,121 


1Data may not add to totals shown because of independent rounding. 
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Table 7.—Distribution of salt sold or used by producers in the United States, 
by consumer or use 


(Thousand short tons) 
Evaporated 
Consumer or use rud Rock Brine Total! 
Solar 
and 
open pans 
1983: 

Chlorine, caustic soda, soda as 15 302 1,453 18,119 19,950 
All other chemicals "OPENS 256 111 398 187 952 
Textile and dyeing . Lus d C E cte 105 W 49 W 171 
Meatpackers, tanners, casing manufacturers 174 51 307 ae 531 
Dairy PE „ o PEEL CREER 88 4 8 zx 101 
Canning : e 110 W 76 W 211 
Baking S 104 3 8 Sa 114 
Flour processors (including cereal) |... _ _ _ - 61 1 24 HM 86 
Other food processing |.  . . . ..... 184 37 41 T 262 
Feed dealers ELS Du. dedu D DU T eee 403 171 403 NP 97'l 
Feed mixees ....... P 215 105 308 Duas 628 
Metals „ a AE E E E 35 W 189 W 242 
Rubber r ͤᷣ K W W 5 36 45 
Oil . Deus | o 90 326 70 433 918 
Paper and pulp | . PP PP-P-P-Pp- . W 96 157 W 274 

Water softener manufacturers and service 
companies n 279 210 207 12 707 
Grocery stores SU TT DRIN — 8 138 93 156 aw 987 
Highway uze ..... V W 183 4,848 W 5,041 
US. Government 19 W 025 W 563 
Distributors (brokers, wholesalers, etc.) 594 W 617 W 1,332 
Miscellaneous and undistributed? ________ 229 432 538 463 1,426 
Total. Lo oii ³ðV—SA 8 33.760 32.124 310,386 319,249 435,519 

1984: 

Chlorine, caustic soda, soda as 24 226 1,365 18,086 19,701 
All other chemicals 306 114 684 100 1.203 
Textile and dy einge 77 W 47 W 135 
Meatpackers, tanners, casing manufacturers 173 46 318 "- 537 
P ³⁰¹wüͥ¹ꝛ] LL E Buen 91 4 8 e 102 
al ³ðAA ⁰ ns hs aoe, s 125 W 18 W 242 
Baking. ek Room memes 113 3 8 ote 124 
Flour processors (including cereal) __ _ _ _ _ _ — 54 1 24 e 79 
Other food processing 130 14 43 zx 188 
Feed dealers 311 161 391 Ee 923 
Feed mix ers 174 127 288 n 590 
ITI ³ é ³ĩðÄA occas 32 W 259 W 309 
Rubbers aon g ²˙¹ꝛq ͤ AAA E EIS W W 5 32 41 
16 ð⁵ðöI / ³ Ä ĩð2zĩ asses cs 86 273 74 427 860 
Paper and puls W 170 117 W 307 

Water softener manufacturers and service 
companies _________________ ___- 266 293 321 11 892 
Grocery stores 618 88 152 p 859 
Highway use W 482 1,121 W 7,610 
US. Government C a e i a 89 W 754 W 1,131 
Distributors (brokers, wholesalers, etc.) 643 W 737 W 1,466 
Miscellaneous and undistributed? — _ 238 518 768 1,029 2,078 
((C ⁵ĩðV⁰ß ttem ec 33,609 32,520 313,562 319,685 439 376 


W Withheld to avoid disclosing company proprietary data; included with Miscellaneous and undistributed” and in 
total by use. 


1Data may not add to totals shown because of independent rounding. 


2Includes some exports and consumption in overseas areas administered by the United States and items indicated by 
symbol W. 


3Differs from totals shown in tables 2, 4, and 5 because of changes in inventory and/or incomplete data reporting. 
*Differs from totals shown in tables 1, 2, and 3 because of changes in inventory and/or incomplete data reporting. 


NOTE: Additional imported salt distributed by end use shown in table 14. 
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Table 8.—Distribution (shipments) of evaporated and rock salt! in the United States, 
by destination 


(Thousand short tons) 
1983 1984 
Evaporated Evaporated 
Destination 
oa Rock Mises Rock 
Solar p Solar 
and and 
open pans open pans 

Alabama- ĩ³ĩ¹üm r ⁰ E 50 W 612 49 W 705 
AS Lecteur Ee W 10 SMS W W SEN 
Arizona `- 11 52 4 5 46 W 
Arkansas `- 2-222222- 30 zu 52 29 W 81 
California 144 794 W 136 795 7 
Colorado - ——- . Ius 23 100 41 18 124 70 
Connectiſunnrnn mk 12 20 125 11 23 W 
Delaware 3 129 2 3 177 W 
District of Columbia W W W 1 4 W 
f . OS 76 49 39 77 55 37 
Georgia- --------------------—-—— 59 W 86 64 W 85 
Hawai _________________________ W W W W W W 
I/ ³oW¹¹. ²m̃q a a 5 58 W 5 75 W 
Ir ³o¹ww AA deas 379 25 1,018 351 51 1,595 
Iiir ⁵ inam metes 157 20 383 152 22 856 
%%%%%é'⅛çi ⅛7Ä˙:q a ri CLE aduer 182 39 381 167 43 341 
Kansas. d cM e ae 106 8 265 95 W 260 
Kentucky .2u--2eLnoicluExeRe--—e.wmm ex 39 1 262 35 W 428 
Louisiana ae 51 W 344 56 W 365 
Miffe EE 7 1 137 7 12 219 
Maryland ________ P 43 107 71 43 229 142 
Massachusetts ___________________ _ 38 15 W 35 14 442 
Mien 88 224 12 799 221 W 1,371 
Minnesota 146 73 333 148 95 439 
f e Eme 22 W 102 23 W 125 
Mis... m 108 8 305 103 17 434 
Montana W 46 W W 39 W 
Nebraska ______________________ _ 97 34 120 89 27 115 
Nevadſwu eee W W W W 167 W 
New Hampshiin eee 2 W W 2 W W 
New Jersey ________________-____-_ 124 111 209 124 131 291 
New Mexico_____________________/_ T 96 5 8 124 2 
New York 22002 ee oe ee 8 246 59 1,654 242 63 2,304 
North Carolina _ _ 134 91 100 123 78 86 
North Dakota 49 26 6 45 37 3 
E ͤĩ⁰³¹¹œU. . r ie 314 11 1,031 309 11 1.760 
ee, ß Ree ERES 72 W 66 55 9 12 
Oregon anl 11 43 W 10 33 W 
Pennsylvania ------------------———- 163 88 664 162 100 1,190 
Rhode Islandadſiii 5 43 W 5 43 39 
South Carolina — 35 11 16 34 W 14 
South Dakota _____________________ 45 25 35 42 34 42 
Tennesse 63 W 518 63 W 547 
/ AEA a iet 8 156 16 236 154 76 265 
Utah as oe : y ee 6 175 W 4 368 W 
Vermont iic ences eee Se s Aes ee 6 1 145 5 l 204 
„ urs esce Sen Rp nn SOU ee oon 66 61 106 62 103 105 
Washington ______________________ 17 414 W 18 917 W 
West Virginia. 2L cc 15 W 65 16 W 138 
Wisconsin _______________________ 210 28 521 215 35 917 
Wyoming ___________~_____~--_-~~- 2 30 W W 33 W 
Other? ________________________ 25 317 1,150 50 234 700 

177//öÄ; f 8 3,780 3,366 12,012 3,672 4,105 16,796 


W Withheld to avoid disclosing company proprietary data; included with "Other." 


Each salt type includes domestic and imported quantities. 


"Includes shipments to overseas areas administered by the United States, Puerto Rico, exports, some shipments to 
unspecified destinations, and shipments to States indicated by symbol W. 
3Data may not add to totals shown because of independent rounding. 
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CONSUMPTION AND USES 


Apparent consumption of all forms of salt 
increased more than 13% or nearly 5.9 
million tons compared with that of 1983. 
The major areas of increased consumption 
were by State and municipal governments 
for highway deicing and by producers of 
chlorine, caustic soda, and synthetic soda 
ash. 


Chlorine gas (100%) 


Sodium hydroxide, liquid (100%) p 
Sodium, metallic. . ..... 


The voluntary sodium labeling campaign 
conducted by the food-processing industry 
since 1981 continued, as more sodium- 
modified foods were introduced to the mar- 
ket. The voluntary campaign was a success- 
ful attempt to prevent the proposal of new 
labeling regulations by the Food and Drug 
Administration in response to public con- 
cern that sodium ingestion, primarily in the 
form of salt, or sodium chloride, caused 


The general improvement in the domestic 
economy and especially in the construction 
industry resulted in the increase in demand 
for chloralkalis. Production of chlorine gas, 
sodium hydroxide, and metallic sodium, as 
reported by the Bureau of the Census, was 
as follows, in thousand short tons: 


1983 1984 

EFA 9,960 10,724 
10,230 11,224 

"oc : 84 92 


hypertension. Results by researchers at the 
Oregon Health Sciences University using a 
U.S. Government data base, however, sug- 
gested that diets with reduced levels of 
calcium and potassium were the primary 
indicators of hypertension. Study results 
also indicated that reduced consumption of 
dairy products and diets low in sodium were 
associated with higher blood pressure.? 


STOCKS 


Total yearend salt stocks reported by 
producers increased from 2.4 million tons in 
1983 to 2.7 million tons. Most stocks were 
rock salt and solar salt. An unknown, but 


significant, quantity of salt for road and 
highway deicing was held by States, munici- 
palities, distributors, and road deicing con- 
tractors at yearend 1984. 


PRICES 


The average values of different classes of 
salt, f.o.b. works, based on actual sales as 
reported by producers, were as follows, per 
short ton: 


1983 1984 
Evaporated: 

Open pan or grainer and vacuum 
CC : $87.39 $92.62 
Solar | nns 21.47 19.67 
Pressed "Blocks: all sources ae 71.52 63.82 
Rock salt, bulk |...  .. ... 2 13.43 13.78 
Salt in brine S 5.22 5.05 


The following yearend salt prices were 


quoted in Chemical Marketing reporter: 


Salt, evaporated, common, 80-pound bags, car- 


lots or truckloads, North, works, 80 pounds. $4.02 
Salt, chemical-grade, same basis, 80 pounds. . 4.30 
Salt, rock, medium coarse, same basis, 

80 pounds J%%%ͤ —?”,nt 2.70 
Bulk, same basis, per ton 25.00 


Price quotations do not necessarily repre- 
sent prices at which transactions actually 
occurred, nor do they represent bid and 
asked prices. They are quoted here to serve 
only as a guide to yearend price levels. 
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FOREIGN TRADE 


The quantity of salt exported increased 
significantly, but did not return to the 
levels of 1981 and 1982. The bulk of the 
exports went to Canada with the balance 
distributed among 50 other countries. 

Salt imports for consumption continued 
to increase despite the increase in U.S. 


production. The majority of imports were 
either bulk rock salt or solar salt. The 
Bahamas, Canada, and Mexico supplied 
more than 75% of the salt imports. Imports 
of vacuum pan salt in bags, sacks, barrels, 
or other packages continued to represent a 
small percentage of the total. 


Table 9.—Salt shipped to the Commonwealth of Puerto Rico and the Virgin Islands 


1983 1984 
Area Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) 
Puerto hh ² AA 8 30,000 $4,100 18,000 $2,300 
Mei LIEN oh ee Salt 1 1 1 1 
Table 10.— U. S. ex ports of salt, by country 
(Thousand short tons and thousand dollars) 
1983 1984 
Country - - 
Quantity Value Quantity Value 
Australac eem . LLL E 1 20 (3) 25 
Bahamas) oou nummus meu eem 8 2 170 2 235 
Canada 5 oun uer Lui y 8 475 7,398 792 11,534 
Costa Rica: o ĩð y 8 (3) 10 (1) 27 
PPI] ³⁰ð¹wꝛqðv ͤꝗm . ²⅛˙»- . AE m. (1) 61 3 46 
IF ee yt 8 (1 178 (1) 21 
Hang ³ðͤ8 recu. ce eti (1) 2 (1) 3 
õĩõĩõĩ65t LNSCR 2 394 S zr 
Jö; h d mtr e LL E A e 1) 2 (1) 1 
T ³·²¹ qq ³ iar uu oes te LA Lr Et t 9 329 7 382 
Netherlands Antilles 1 107 1 98 
Saudi Arabia 14 2, 806 10 1,970 
South Africa, Republic of |... k (1) 1 (3) 1 
Trinidad and Tobago_______________________-__ _ (1) 66 (1) 66 
United Arab Emirates (1) 39 (1) 49 
United Kingdom k 1 36 1 152 
Nei ³ ce ae 1 11 (1) 10 
)))) ³¹w—mäwſ ·⁰ m k I erf d 11 738 4 679 
II! ͥ ¹Ü¹·¹. ·¹iꝛmä 517 12,368 820 15,299 
1Less than 1/2 unit. 


Source: Bureau of the Census as adjusted by the Bureau of Mines. 
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Table 11.—U.S. imports for consumption of salt 
(Thousand short tons and thousand dollars) 


In ieri sacks, di Bulk 
or other pac : 
Year | (dutiable) | (dutiable) | 

Quantity Value Quantity | Value 
) ͥͥͥ c EM US D UE 21 1,483 14.292 143,040 
1982 |. 220 ͤ md cu w EON D ae 47 1,613 25,404 254,571 
I.öÜöÜ—ẽ⁰ł Yq³̃³ Ada y TORTE et 30 1,826 35,967 368,968 
II“.;ͤê;ö;15soĩ55;5ẽ 71 2,386 7,474 “71,714 


1Includes salt brine from Canada through Portland, ME, and Detroit customs districts, 25 short tons ($372) and 710 
short tons ($11,452), respectively; from Denmark through Cleveland customs district, 72 short tons ($1,437); from the 
United Kingdom through Boston customs district, 500 pounds ($791); and from France through Los Angeles customs 
district, 2,012 short tons ($40,234). " 

*?Includes salt brine from Canada through Portland, ME, and St. Albans, VT, customs districts, 26 short tons ($377), and 
55 short tons ($2,698), respectively; from Chile rough Wilmington, NC, customs district, 100 pounds ($350); and from the 
United Kingdom through Washington, DC, customs district, pounds ($2,152). „ 

Includes salt brine from Canada through Buffalo customs district, 400 pounds ($610); from Mexico through Laredo 
customs district, 18 short tons ($1,126); from Denmark through Cleveland customs district, 100 pounds ($269); from the 
United Kingdom through Baltimore customs district, 100 pounds ($1,209); from Ireland through New York customs 
district, 15 short tons ($300); and from Japan through Seattle customs district, 1,300 pounds ($392). 

‘Includes salt brine from Iceland, the United Kingdom and Hong Kong through New York customs district, Y paina 
($940); from Norway and the Federal Republic of Germany, throug Chicago customs district, 110 short tons ($3,299); from 
Denmark through Detroit customs district, 2,345 short tons ($187,238); and from Japan through Charleston customs 
district, 110 short tons ($527). ye 


Source: Bureau of the Census as adjusted by the Bureau of Mines. 


Table 12.—U.S. imports for consumption of salt, by country 
(Thousand short tons and thousand dollars) : 


bon 1983 1984 
MT Quantity Value Quantity Value 

Bahamas . 933 8,854 902 9,163 
FAI eL ; 133 1.247 304 2,567 
Canadasasas4lͥ¶˖lũ˖l˖ 2222222222222 2,161 20,915 3,279 21,511 
CÜ˙§ a «⅛²˙d )))... ent iu A eee 341 2,772 479 4.089 
j ]Ü˙·jí / 8 133 987 114 896 
Germany, Federal Republic of? ___________________~- 1 49 I. ^ 10 
kk ⁰ A E 32 610 m 1 
Mexico dcn T 1.669 18,520 1.519 22.794 
Netherlandls „ 114 1,956 236 535 
Netherlands Antilles 184 1,750 275 2,527 
r fd ee ee No 261 1,984 418 ^ 1,508 
f a en ett 7 35 549 16 444 
/ ĩͤðK c e FC 5,997 60,194 7,545 74, 100 


1In 1983, includes salt in sacks, bags, and barrels through eight customs districts, 26,413 short tons ($1,529,809); and salt 
in brine through one customs district, 400 pounds ($610). | 

Includes salt in sacks, bags, and barrels through six customs districts, 612 short tons ($18,801) in 1983; and four 
customs districts, 567 short tons ($13,263) in 1984. | | 

SIncludes salt in sacks, bags, and barrels through four customs districts, 609 short tons ($48,736) in 1983. 

“Includes salt in sacks, bags, and barrels through two customs district, 111 short tons ($4,674) in 1983. 

5Includes salt in sacks, bags, and barrels through four customs districts, 190 short tons ($17,072); and salt in brine, 18 
short tons ($1,126) in 1983; and three customs districts, 29,218 short tons ($306,502) in 1984. 

®Includes salt in sacks, bags, and barrels through one customs district, 1,500 pounds ($1,318) in 1983; one customs 
district, 5,800 pounds ($3,933) in 1984. J 

Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census as adjusted by the Bureau of Mines. 


SALT 7 7 1 
Table 13.—U.S. imports for consumption of salt, by customs district 
(Thousand short tons and thousand dollars) 
8 1983 1984 
istri 
Bax Quantity Value Quantity Value 
Anchorage; AK- ß eI EE | 1 103 1) 36 
Baltimore, WWbbbob· 237 1,903 573 2,587 
| n, JJ ³ð ⁵ ⁵⁵⁵⁵⁰y ĩ y ĩ ( TOR C 128 707 167 1. 167 
,, . . Os 50 599 66 552 
Chicago IL. cesan ³ð¹ 258 2,374 787 5,938 
Cleveland, OH `- -—-----------------------—-——-— 112 1,011 25 298 
H nuo ³vt enc e. 645 6,434 921 9,219 
Duluth, MN ³ʒyNddXdW̃õt- 22222222222 147 1,364 155 1,433 
Los Angeles, C(MMMMMAOEewLewt „„ 227 3,075 121 2,173 
Milwaukee, fr ee ee ee et 565 . 5,108 616 4,8386 
New Orleans, LA . ----------------- 248 1,576 1,865 
New York, NY ⁰³» ⁰ꝛ 462 5,006 645 6,760 
Norfolk; FT. ³ ³ imde 124 1.152 46 501 
Philadelphi ETENN EN EIE AIETE ETA 8 34 423 24 542 
iladel hia, ah ep 8 233 2,434 182 2,567 
land. ME J ðↄi )y7n 8 428 4,001 571 5,878 
e »öR;ͤ ⅛5˙:m, ⁰⁰ts mts Le. 511 6,135 589 7,648 
Providence, ii 129 1,220 94 959 
St. Albans, II.¶LUInuuunnnnnnnssssss ee 43 808 75 841 
San Juan, P ee ee cam 9 139 7 189 
Savannah, GA... „ 344 3,364 467 4,559 
/// ·⁰àÜ]m ³¹wwi ð K E 814 7,626 658 6,165 
Tampa, F·mO·Ä·D ««õ«««« 44 46 620 86 902 
Wilmington, · hn dessen . Lure 201 2,987 165 2,779 
JJ ³·Wwiͥ he a ge ten y A ln a 1 35 268 4, 656 
Total one ĩU— ſj : ³o⁰¹ W-. A 5,997 60,194 1,545 74,100 
1Less than 1/2 unit. 


Source: Bureau of the Census as adjusted by the Bureau of Mines. 


- Table 14.—U.S. imports for consumption of salt, by use as reported by salt producers 


(Thousand short tons) 
Use 1983 1984 
Government (highway use) _—-------------------------------—-------— 1,848 2,815 
Chemical Industry — ove Le a ue b idu Ses 290 545 
Water-conditioning service companies... LLL LL LL LLL „ 88 189 
VVV e uet ee siu Sth LM M UI IM a nn EL EU DL ense LAS 683 951 
Jõöͤĩi.iͥñſky ³ / dd ⁊è A MM iE TE 2.910 4,561 


18alt imported b companies not producing salt (distributors, direct consumers, etc.) accounts for the difference 
between the totals shown in this table and the totals shown in tables 1, 11, 12, and 13. 
Data do not add to totals shown because of independent rounding. 


WORLD REVIEW 


Canada.—Production increased mainly 
as a result of the expansion in capacity that 
was realized at Domtar Chemicals Ltd.'s 
Goderich, Ontario, mine. The company had 
invested $40 million to expand capacity 
from 2,2 to 3.5 million tons. 

Mexico.—Salt production increased from 
the depressed levels of 1982-83 because of 
the strength of the export market. Mexico 
was one of the world's largest exporters of 
solar salt supplying significant quantities 
of salt to Japan, the United States, and 
Canada. 


Fertilizantes Mexicanas S.A. planned to 
complete construction of a potash fertilizer 
facility at Cerro Prieto in 1986. In addition 
to potash, the facility was to have salt 
capacity of about 135,000 tons per year. 

Pakistan.—The Pakistan Mineral Devel- 
opment Corp. announced that it had delin- 
eated an additional 30 million tons of high- 
quality rock salt at its Khewra Mine in 
Punjab. The Khewra salt mining area in the 
Salt Range has been a source of salt for 
centuries dating back to the time of the 
Moghul Emperors. 
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Vugoslavia.- Production of rock salt 
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! Physical scientist, Division of Industrial Minerals. 


commenced at the Tusanji Mine in Bosnia. McCarron, D. A., C. D. Morris, H. J. Henry, and J. L. 
Production capacity at the mine was about Stanton. Blood Pressure and Nutrient Intake in the 
10,000 tons per year and would reduce the United States. Sci., v. 224, June 29, 1984, pp. 1392-1398. 


nation's import requirements. 


Chemical Marketing Reporter. Current Prices of Chem- 
icals.and Related Materials. V. 226, No. 27, Dec. 31, 1984, 
p. 27. 


Table 15.—Salt: World production, by country! 


(Thousand short tons) 
Country 1980 1981 1982 1983P 1984° 
Afghanistan _____------------------ 6 7 11 11 11 
Albania" ..——— m é 5 75 75 80 80 
Algeria unen ts es er F 3155 141 154 *165 165 
Al.. Eier mL eie 55 55 165 160 55 
Argentina: 
1117117; E b os 1 1 1 1 
Other salt 1,106 1,088 655 146 720 
Australia (marine salt and brine salt 6,245 77,403 5,303 r 95,510 5,500 
Austria: 
Rocks allilt eee sees 1 1 1 1 1 
Evaporated salllllt „ 452 509 478 396 440 
Salt in brininnaassass --- 288 291 236 155 160 
)))) ³oÜ¹AA¹ A ³⁰¹ A ee ca 754 1,069 899 950 960 
Bangladesh 510 634 268 8741 
Benin lleno heu Rl dic ecu sies (9 ($) (8) (9 (ê) 
Brazil: 
Rock salt L -n 877 925 922 31,023 1,050 
Marine salt - -—- -----------------—-- 3,354 3,049 3,183 33,592 3,640 
IIC enu 95 95 95 95 95 
Burma 295 298 317 5309 
r ³˙wmüàAAAAA nim mie Eu LL LT 7,748 7,981 8,752 9,482 511,347 
Chile. 0o a ³ A ĩ A ioca E 486 20 770 
China Luci uet um eer iM EE 19,048 20,194 18,060 r 17,780 17,600 
Colombia: 
f oe st ee T383 1349 331 300 
Marine saltt!tt!! LLL 541 440 321 330 
Costa Rica (marine salt) .. ___________~_ 44 43 5121 120 120 
Cub cox ß M Dri iie: 144 177 218 222 220 
CYP noun eu es ee 8 10 11 (8) Mu 
Czechoslovakia... 222 222222222222 305 843 360 265 265 
Denmark 420 439 440 498 500 
Dominican Republic 561 10 10 7 
sth at ca a ete PIERII, 701 748 913 1,012 1,100 
El Salvador? _______________________ 2 ro r2 2 
Ethiopia:* 
Rocksalt. |... LLL clc 2c 17 17 17 17 17 
Marine saall!!t 110 121 r 121 r 121 121 
France: 
1 A uem t de 332 328 421 311 320 
Brine salt! 1,227 1,204 1,181 1,184 1,200 
Marine salt!!! 1,405 1,517 1,696 1,494 1,600 
Salt in solution. 222222222 4,867 ,266 4,091 4,673 4,740 
German Democratic Republic: 
ROCK sült-.— d ee 3,391 3,369 r ¢3 370 r eg 380 3,360 
Marine salt 62 61 62 60 
Germany, Federal Republic of: Marketable: 
"CA it aN y cet ee 1,451 9,223 1,754 6,906 7,100 
Marine salt and other alt 5,111 4,601 ,948 4,560 4,600 
Girl ee eres E Ee i icis 55 55 55 55 55 
)ö;Äõ Ü 88 133 145 *145 T 9147 147 
Guatemala _----------------------- 111 15 *15 17 17 
Honduras 35 35 35 35 35 
h nc Ee se eae ($) (ê) ($) 1 1 
India: 
Rock st eek eee d 5 *4 5 5 6 
Marine salt! 8,823 9,841 7.758 7,725 8,300 
Indonesia aa 161 815 881 683 770 
Iran?’ oo ee 8 660 660 170 830 830 
„„ d ee 99 88 90 r *90 90 
;;öͤ§; k 130 146 163 160 160 
Italy: 
Rock salt and brine salt 4,406 3,979 8,974 3,807 53,588 
Marine salt 1.400 1,060 1,100 1,200 1,100 
Japün' s c hd LL uL LE 1,226 71, 105 1,065 1,323 1,300 
Jordan" 25 v es 8 83 83 55 90 90 
Kampuchea- 22222222222 2222 *33 21 42 r e45 45 


See footnotes at end of table. 
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Table 15.—Salt: World production, by country! —Continued 


(Thousand short tons) 
Country? 1980 1981 1982 1983P 1984* 
Kenya: 
h et cor esee iu le diram 30 30 NA NA NA 
Refined |. |... ........-.--2-- 22 23 21 92 95 
Korea, North® _______._______________ 630 630 630 630 630 
Korea, Republic ff 502 664 952 530 550 
Kuwait FCC 23 21 21 e22 22 
E: E ð E E ee 22 22 510 11 11 
Lebanon? e —:]½ 13 17 11 6 6 
Leeward and Windward Islands ..... 55 55 55 55 55 
I/ôö;Oõ ꝶ MEUM NE 11 11 11 113 13 
Madagascar® ___ ___________________- 3: 33 33 33 33 
II ³Ü'ü ⁰ Re ais 5 5 5 15 5 
J ³·oÜ1¹AA i ĩͤ K LL ne 1 r(6j (9) (9) (8) 
Mauritania _______________________ 1 t 58 6 6 
Mauritius_________________________ 7 7 e7 et 7 
M ͥͥͥd⁰ ⁰˙ͤ¹A a et a eh 7,248 8,767 6,130 6,287 6,600 
Mongolia®_______________________-- 17 17 17 18 18 
MM»; ee Be LE ue au 74 52 70 77 77 
Mozambique kk 30 30 30 30 30 
Namibia (marine salt ꝛ e250 213 203 151 140 
Netherlands 3,818 3,944 3,517 3,444 4,000 
Netherlands Antilles? 440 440 440 1220 230 
New Zealand 6 61 77 89 95 
Nicaragua 22 20 20 20 17 
ö§;— ũũ! — ¹ iii eo DE Nae Ru E 3 3 53 3 3 
Pakistan:* 
Rock salt |. 2222222222222 546 561 589 628 660 
Other salt 220 241 247 193 220 
Panama?! 2222222222222- -L 20 r35 27 94 100 
/ ee ee tee 504 558 535 2540 550 
Philippines ---------------------——- 382 392 402 421 400 
Poland: 
Rock salt 2 22 22222222222- 1,614 1,447 1,475 1,247 1,250 
Other Gols Sh ee ee 3,383 3,261 2,776 r e2750 2,150 
Portugal 
Rock salt RUNE NY 442 450 448 467 500 
Marine salt — 140 130 110 120 110 
Romanias= 223252056255 06550 4 ce MINES 5,573 5,548 5,243 5,066 5,000 
Senegal® J aes, Se ee oe gees Ba sea 1155 7155 4176 r190 190 
Sierra Leone 220 220 220 220 220 
Somalia —ö 33 33 33 33 33 
South Africa, Republic of 625 595 646 801 640 
pain 
Rock salt. o encor owas ate 2,623 2,536 2,439 2,214 2,200 
Marine salt and other evaporated salt 1,245 1,536 1,187 1,267 1,200 
lf!!! a es a E 126 115 194 142 145 
dd aA A L UE 88 71 31 *80 80 
Switzerland 416 475 399 338 330 
rA a i / ³·¹1 8 e100 e100 112 96 100 
Fͥ⁰i 8 796 387 289 87 5241 
l ³»Wwww 8 40 41 41 31 35 
Thailand: 
Rock sallt ee 18 12 12 6 511 
Other salt 3 180 180 180 180 180 
TORO ep ela ei ee ⁰0=k— r 8 1 1 r(8) (8) = 
Tunisia oera ae te eer ate eet? anise 482 515 464 413 440 
Turkey. eom eI 1,299 1,539 1,448 *1,540 1,540 
l ð K uL 1 16 T6 T6 6 
USSR slut eae man SN oe ey e ras 16,094 16,755 17,416 17,851 18,200 
United Kingdom: 
NS! ˙˙ù AA CR 1.925 1.488 2,435 1,451 1,650 
Brine salt??___§_§__§________________ 1,773 1,603 1,713 1,537 1,540 
Other salt!?______________________ 4,189 4,317 4,270 3,969 3,970 
United States including Puerto Rico (sold or used 
by producers): 
kalt oe ere 11,806 11,871 13,503 9,941 513,348 
Other salt: 
United Stateeess 28,545 27,036 24,391 24,632 525,877 
Puerto Ricof___________________ 27 8 16 32 30 
Venezuela... . 268 e275 375 r €398 400 
Vietnam _________________________ 480 445 720 980 880 
Yemen (Aden)®______________________ 90 80 80 80 80 
Yemen (Sanaa) ae 70 60 60 1155 160 


See footnotes at end of table. 


774 MINERALS YEARBOOK, 1984 


Table 15.—Salt: World production, by country! —Continued 


(Thousand short tons) 
Country? 1980 1981 1982 1983P 1984* 
Yugoslavia: 
K salt. 186 212 219 
Marine salt. 24 40 42 468 8419 
Salt from br inne 206 209 211 
Total n 7186,156 "189,198 179,923 ^ 175,563 185,132 


*Estimated. Preliminary. "Revised. NA Not available. 
iTable includes data available through June 11, 1985. 
lt is produced in many other countries, but quantities are relatively insignificant and reliable production data are 
not available. 
Data represent sales. 
*Year ending June 30 of that stated. 
*Reported figure. 
"Less than 1/2 unit. 
7Brine salt production as reported by the Burmese Government was as follows, in short tons: 1980—88,958; 1981— 
92,368; 1982—81,462; 1983— 110,000 (estimated); and 1984—110,000 (estimated). | 
5Revised to zero. 
Year beginning Mar. 21 of that stated. 
10Fiscal year ending Mar. 31 of that stated. 
11Data for 1980 represent refined salt and subsequent years represent crude. 
Data captioned “Brine salt“ for the United Kingdom are the quantities of salt obtained from the evaporation of 


brines; that captioned “Other salt" are the salt content of brines used for purposes other than production of salt by | 
evaporation. 


Sand and Gravel 


By Lawrence L. Davis! and Valentin V. Tepordei!: 


A total of 774 million short tons of con- 
struction sand and gravel valued at $2.2 
billion, f.o.b. plant, was produced in the 
United States in 1984. This tonnage is the 
highest production reported since 1979, and 
20% below the record high production of 
1978, but 30% higher than that of 1982, 
when the last full annual survey was con- 
ducted. 

Production of industrial sand and gravel 
in 1984 totaled 29.4 million tons valued 


at $377 million, f.o.b. plant, an increase of 
10% over the total of 1983, and 12% below 
the record high production of 1979. 

Exports of construction sand and gravel 
in 1984 increased 42% to 1.8 million tons 
valued at $10.3 million, while imports in- 
creased 23% to 151,000 tons valued at $1.6 
million. Apparent consumption of construc- 
tion sand and gravel in 1984 was 771 million 
tons. 


Table 1.—Salient U.S. sand and gravel statistics! 
(Thousand short tons and thousand dollars) 


1980 1981 1982 1983 1984 
Sold or used: 
Construction sand and gravel: 
Quantity - - - —- ---- -------------——- 763,100 €690,000 594,000 €655,100 773,900 
Valje- t nan a oe owe oy $1,996,000 °$1,928,000 $1,674,000 °$1,935,000 $2,244,000 
PR 
Quantity ARTT 28,711 29,250 26,350 26,080 28,680 
ü Mus )J C $286,500 $326,300 $316,900 $329,500 $370,370 
ravel: 
AGW ee ee S 865 728 1,024 537 705 
alüB. s nuoc vx AR $6,458 $5,997 $6,846 $5,667 $6,844 
Total industrial:? 
i AERE 29, 29,980 21,400 26,620 29,380 
alue 1-2 8 $293,100 $332,300 $323,800 $335,200 $377,200 
Exports: 
Sree CE 8 : 2,451 2,397 1,946 2,350 3,038 
Cil T ae eee $40,660 $36,736 $34,397 $32,487 $37,981 
Imports for consumption: 
quantity "EET 541 337 275 181 177 
"ip qoM $2,118 $2,608 $4,002 $2,666 $2,529 


*Estimated. 
1Puerto Rico excluded from all sand and gravel statistics. 


?Data may not add to totals shown because of independent rounding. 


Exports of industrial sand increased 14% 
to 1.2 million tons valued at $27.7 million, 
while imports decreased 55% to 26,000 tons 
valued at $926,000. Apparent consumption 
of industrial sand and gravel was 28.2 
million tons. 

Domestic Data Coverage.—Domestic pro- 
duction data for construction and industrial 
sand and gravel are developed by the Bu- 


reau of Mines from voluntary surveys of 
U.S. producers. Beginning with 1981, full 
surveys of construction sand and gravel 
producers are conducted for even-numbered 
years only. For odd-numbered years, pre- 
liminary surveys are conducted that collect 
production information on a sample basis 
that is used to generate only annual prelim- 
inary estimates at the State level. Industri- 
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al sand and gravel producers are surveyed 
every year. Of the 7,534 construction sand 
and gravel operations surveyed, 4,848, or 
64%, responded. Their combined production 
represented 75% of the U.S. total shown in 
the tables. Of the 191 industrial sand and 
gravel operations surveyed, 160, or 84%, 
reported to the Bureau of Mines. Of these, 
155 operations were active and 5 idle. Their 
total production was 27.4 million tons or 
93% of the U.S. total industrial sand and 
gravel produced. The nonrespondents' pro- 
duction was estimated using preliminary 
production reports, adjusted prior years' 
production, and/or employment data. Of 
the reporting operations, 22 did not indicate 
a breakdown by end uses. Their total pro- 
duction of 1.9 million tons, as well as that of 
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22 estimated operations, was included in 
other unspecified uses. In 1984, 14 industri- 
al sand and gravel operations were idle. 
Legislation and Government Pro- 
grams.—In March, the U.S. Congress ap- 
proved a 6-month Interstate Cost Estimate 
(ICE) legislation that gives the U.S. Depart- 
ment of Transportation authority to dis- 
burse to the States construction funds col- 
lected into the Federal Highway Trust 
Fund. The action was 6 months late and 
released only one-half of the funds already 
available in the trust fund. Most of these 
funds are being used for highway construc- 
tion and repair work, and therefore their 
late release impacted to some extent on the 
demand for construction sand and gravel. 


CONSTRUCTION SAND AND GRAVEL 


DOMESTIC PRODUCTION 


U.S. production of construction sand and 
gravel increased 30% in 1984 compared 
with that in 1982. Of the four major geo- 
graphical areas, the West again led the 
Nation in production with 277 million tons 
or 36% of the U.S. total, followed by the 
North Central with 208 million tons or 27% 
of the total, and the South with 199 million 
tons or 26%. Production increased 29% in 
the Northeast, 19% in the North Central 
and the South, and 14% in the West. 

At the regional level, the Pacific again led 
the Nation with 170 million tons or 2296 of 
the U.S. total. Next was the East North 
Central with 128 million tons or 17% of the 
total, followed by the Mountain with 107 
million tons or 14% of the total. 

Based on 1980 census data on population, 
1984 U.S. per capita construction sand and 
gravel production was 3.4 tons. On a region- 
al basis, per capita production was 6.4 tons 
in the West, followed by the North Central 
with 3.5 tons, the South with 2.6 tons, and 
the Northeast with 1.8 tons. 

Construction sand and gravel was pro- 
duced in every State, and the 10 leading 
States were, in descending order of tonnage, 
California, Texas, Michigan, Ohio, Alaska, 
Arizona, Colorado, Illinois, New York, and 
Washington. Their combined production 
represented 51% of the national total. 

Production in 1984, compared with that of 
1982, increased in every State except Alas- 
ka, Delaware, and Hawaii. The largest in- 
creases in the top 10 producing States were 
75% in Michigan, 59% in Arizona, 54% in 
Washington, 51% in Colorado, and 50% in 


New York. The two States with the largest 
production, California and Texas, had in- 
creases of 26% and 37%, respectively. 

A total of 4,331 companies produced con- 
struction sand and gravel at 5,929 oper- 
ations. Operations larger than 200,000 tons 
per year produced 65% of the total U.S. 
tonnage while representing only 17% of the 
total number of operations. The trend 
toward larger operations with a higher 
degree of mechanization and automation 
continued. 

The top 10 producers of construction sand 
and gravel were, in descending order of 
tonnage, Koppers Co. Inc., Lone Star Indus- 
tries Inc., CalMat Corp., American Aggre- 
gates Corp., Dravo Corp., Texas Industries 
Inc, Tanner Co., Owl Rock Products Co., 
General Development Corp., and A. Tei- 
chert & Son. Combined production of the 
164 operations owned by the top 10 produc- 
ers was 13% of the national total. 

Lone Star sold its sand and gravel facili- 
ties at Steilacoom, WA, and at Maury Is- 
land, in Puget Sound, to Reidel Internation- 
al Inc., a Portland, OR, firm. The facilities 
were renamed Pioneer Construction Mate- 
rials Co. by Reidel. 

Conrock Co., the Nation’s third largest 
construction sand and gravel producer in 
1982, merged with California Portland Ce- 
ment Co. in 1984. The new company name is 
CalMat Corp. 


CONSUMPTION AND USES 


Sand and gravel production reported by 
producers to the Bureau of Mines is actual- 
ly material that is “sold or used" by the 
companies and is defined as such. Stock- 


SAND AND GRAVEL 


piled production is not reported until it is 
sold or consumed. Therefore, the sold or 
used tonnage represents the amount pro- 
duced for domestic consumption and export. 

Of the 774 million tons produced, 25% 
was used as concrete aggregate (including 
concrete sand) for buildings, highways, 
dams, and airports; 14% in road base and 
coverings; 9% as asphaltic concrete aggre- 
gates and other bituminous mixtures; 7% as 
construction fill; 1% each in concrete prod- 
ucts (such as blocks, bricks, pipe, decora- 
tive, etc., and in plaster and gunite sands; 
and the remainder for railroad ballast, 
snow and ice control, roofing granules, and 
other unspecified uses. 

Most of the sand and gravel for concrete 
aggregates and concrete products combined 
was used in the South, 41%, and the West, 
31%, regions with high levels of construc- 
tion activity. Most of the sand and gravel 
for asphaltic concrete aggregates and road 
base and coverings combined was used in 
the West, 42%, and the North Central, 34%. 


PRICES 


Prices in this chapter are f.o.b. plant, 
usually the first point of sale or captive use. 
This value does not include transportation 
from the plant or yard to the consumer. It 
does, however, include all costs of mining, 
processing, and in-plant transportation. 

Compared with that of 1982, the 1984 
average unit price increased 3% to $2.90 per 
ton, with the largest increases in concrete 
products and fill, 12% each; snow and ice 
control, 10%; plaster and gunite sands, 9%; 
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and concrete aggregates, 8%. Average unit 
prices for railroad ballast and road base and 
coverings decreased slightly. 


TRANSPORTATION 


Eighty-nine percent of the construction 
sand and gravel produced was transported 
from the plant to the consumer by truck, 
8% was used at the plant site, and the 
remainder was shipped by rail or waterway. 
Because most producers either did not keep 
records or did not report shipping distances 
or cost per ton per mile, no transportation 
cost data were available. 


FOREIGN TRADE 


Exports.—Exports of construction sand 
increased 3096 to 1.2 million tons. Canada 
was the major destination, receiving 83% of 
the total, while Mexico received 15%. Ex- 
ports of construction gravel increased 72% 
to 635,000 tons, 97% of which went to 
Canada. 

Imports.—Imports of construction sand 
and gravel increased 23% to 151,000 tons, 
80% of which came from Canada. 


TECHNOLOGY 


An optical system that measures particle 
size distribution of material on a moving 
conveyor belt was tested by Flatiron Sand 
and Gravel Co. As a result of the tests, the 
company was planning to install the system 
at its Arapahoe plant near Boulder, CO. 
The system allows the amount of sand and 
gravel entering the circuit on the plant feed 
conveyor to be regulated quickly and 
automatically.? 


Table 2.—Construction sand and gravel sold or used in the United States, by geographic 


region 
1983 1984 
Q e P Value? P N P Val P 
Geographic regio uantity ercent ue ercent (thou- ercent alue ercent 
R ENT (thousand of (thou- of sand of (thou- of 
short tons) total sands) total short total sands) total 
tons) 
Northeast: 
New England _____~_ 28,200 4 $86,900 4 39,694 5 $113,590 5 
Middle Atlantic 41,300 6 140,500 7 49,985 6 177,028 8 
North Central: 
East North Central 99,900 15 262,000 14 127,643 17 336,715 15 
N North Central 75,500 12 181,600 9 80,307 10 183,146 8 
uth: 
South Atlantic... 49,400 8 148,000 8 63,609 8 187,397 8 
East South Central 31,200 5 89,800 5 36,697 5 99,225 4 
- West South Central 87,100 13 291,500 15 98,748 13  .304,493 14 
est 
Mountain 79,100 12 240,600 12 107,332 14 314,833 14 
Pacific 163,440 25 494,200 26 169,861 22 527,528 24 
Total! | ! 655,100 100 1,935,000 100 113,900 100 2,244,000 100 
*Estimated. 


1Data may not add to totals shown because of independent rounding. 
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Krebs Engineers introduced a wet sizing 
machine, the C-H Whirl Sizer, that report- 
edly gives a sharper size separation than do 
conventional hydrosizers. The machine uses 
a gentle swirl action that provides time to 
separate particles close to the cut size. 

Concrete recycling continued to increase 
according to an article that reviewed recy- 
cling activity.“ Aggregate produced from 
recycled concrete is a suitable substitute for 
virgin sand and gravel for many construc- 
tion uses and is economically advantageous 
in areas lacking nearby resources and in 
urban areas where rubble disposal is expen- 
sive. Widespread use of recycled concrete in 
the future would reduce demand for virgin 
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materials. 

A Michigan producer installed an airlift 
dredge, the first of its type in North Ameri- 
ca, and realized increased productivity and 
reduced power consumption compared with 
the ladderhead dredge previously used. 

The National Sand and Gravel Associa- 
tion, the American Society of Landscape 
Architects, and the National Stone Associa- 
tion cosponsored the Ninth Annual Land- 
scape Architecture Student Competition. 
First place in the sand and gravel category 
was awarded to students from Kansas State 
University for their beautification and rec- 
lamation plan for Martin Marietta Corp.’s 
Kentucky Avenue Mine in Indianapolis.* 


Table 3.— Construction sand and gravel sold or used in the United States, by State 
(Thousand short tons and thousand dollars) 


1983* 1984 
State 
Quantity Value Quantity Value 

ie ⁵ðLu 8,600 23,500 10,348 26,188 

„ ß ae UR E S 45,200 97,200 30,861 ; 
EPI ² ² ff. A eA E 23,200 75,000 30,439 101,959 

III 4c os c suum A amc te ae, 6, 19,600 8,334 7 

hö ³ðV- d uu EL E 91,000 308,700 102,420 360,427 
h ðVWũèd y 21.200 81.600 024 87,324 
Connecticut — ĩ]jð?1ꝛĩðꝭdſ ⁰yd y ee al tn 5,000 17,900 6,718 22,817 
Delaware. onra s at ut c y 1,400 3,200 1,003 2,195 
Florida ———————— . e tau ít. 14,900 31,500 21,032 48,494 
14 MA RENE NER RON 888 3,800 9,400 5,347 13,623 
I ĩ ·ͤ MA a E Na ety 8 440 1,000 436 2,031 

.. es he a x s 3,000 9,800 4,125 13, 
Ill een ee ⁵ ⁰⁰v 8 21,100 58,400 25,969 72,477 
Indiana - ſͥ ³ ͥAaͥ y 88 14, 400 37, 900 16,071 44,144 
JJJ%Cõͥõͥõͤĩ¹imAmAu.ĩ?:jĩ—um d 8 11,800 32,800 13,882 31,021 
SUR CNET a Ale aN ( 8 12,400 26,600 11,796 26,358 
Kentucky —. / OA a 5,500 13,000 7,839 18,252 
LOUIMIADBA.. te se a A 14,200 46,600 17,040 ,664 
MS el E a el gga CNC LA LU a Ee D E 4,800 12,100 7,885 19,228 
land i runde ]ͤ;ͤ ĩo-³ eee a 88 10,600 37,800 14,234 46,671 
Massachusetts 10,400 36,200 14,168 42,139 
Henn us v are i MU E EM ; 52,300 36,071 76,540 
Minn 8 24, 600 „000 22,612 49,087 
hA i PNE 11,000 34,600 12,205 34,955 
BOOED EENE sy ac ra ð LLL Le 88 7,700 17,700 7,967 19,364 
Montani 2 ad dd ht toe ae eoi 5,000 10,200 7,776 21,269 
N (-—— Sic ii a dd te el 10,100 25,000 11,839 27,791 
Nevada at Sa y a N e 7,500 16,200 8,202 20,505 
New Hampshire! 4, 12,100 5,637 16,054 
N oe ee ee ee ee eua 10,800 34,300 9,545 31,878 
New Mexico — — oe ³o»ĩ—WWĩ m ,000 20,000 8,363 22,989 
New York — ß cs et 18,700 54,200 ,968 ,866 
Noth ³ 8 600 16,900 6.312 18,159 
North Dakota ______~________ 22222222-2 3,800 15,000 6,426 11,351 
)77.Ü˙·¹Ü¹t¹—U?0;rk;u;: ⁰ d yy C M eR 21,200 84,600 31,748 104,709 
Oklahoma ³˙ͤnmnn.t!::::: ð . a 7,500 17, 300 10,9 ,582 
Orkon 4.00: Reis UM. tuse 86 11,000 37,000 12,116 37,117 
Pennsylvania --—-—--------------------—-—-————- 11,800 52,000 14,472 64,285 
Reef ³ð⁰i. ð K ĩͤ a eo c 1, 000 2,400 1,483 5,282 
South Carolina ----------------------—----———— 5,200 15,000 5,845 17,097 
South Dakotü ß ß cua es etre 5,100 11,500 5,186 12,168 
Ill Hc aoe 6,100 18,700 6,304 19,830 
OK lr EMMERICH eh Mee ROM 58,500 208,000 62,389 199,461 
UY ah ee ok a Kk vy yt Re asl teh 9,800 19,800 15,217 ,501 
Vermont ⁵ ue eR modera 8 3,000 6,200 3,802 8,071 
JJ ³ UV... ne MA. ee 1,200 30,800 8,860 31,859 
Washington: ue moe i es o Pe ss 15,800 50,300 23,369 61,070 
West digi iin imas emen 700 3,400 976 3,198 
Wisconsin 2 o i hy ML EL CE. 14,200 ,800 17,785 245 
Wolf 8 400 8,000 4,586 13,372 
7711 ³ꝛ¹ w! ⅛ K eiie 655,100 1,935,000 113,900 2,244,000 

*Estimated. 


1Data may not add to totals shown because of independent rounding. 
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Table 4.—Construction sand and gravel production in the United States 
in 1984, by size of operation 


Number of Percent Quantity Percent 


Size range operations of total 52 8 of total 

Less than 25,00o0o0o0o0o 2222222 1,933 32.6 20,077 2.6 
25,000 to 49, or MENGE CEU Tea tls og a el eine ane 912 15.4 33,137 4.3 
50.000 to dd dg 1.129 19.0 80,267 10.4 
100,000 to 199,999 );ͤ PHENOM MEER 963 16.2 134,622 17.4 
200,000 to 299,99gggßsz zz 390 6.6 93,689 12.1 
300, 000 to 399,99g9?9 e „“ñ 183 3.1 62,409 8.1 
400, 000 to 499,990h0y 9922222 110 1.9 48,917 6.3 
500, 000 to 599, Dr MEN RM ao M RECO DIC 82 1.4 44,421 5.7 
600, 000 to 699, 999 A ee MN ADDERE 54 9 34,555 4.5 
700, 000 to 799,999gh9 , md— 7mm 4„˙ 44 7 32, 674 4.2 
800,000 to 899,99‚ nh 30 5 25,319 3.3 
900,000 to 999,999 __—------------------------—-—- 21 5 25,456 3.3 
1,000,000t01,499,9999 dv 43 7 52, 201 6.7 
1,500,000 to 1,999,999  .....--------------- 14 2 23,351 3.0 
2,000,000 to 2. 499, 999 ese D cae E 7 A 14,857 1.9 
2,500,000 and over 8 2 47,923 6.2 

% ³⁰o.w¹ ³ -K ML LEGE 5,929 100.0 1773, 900 100.0 


Data do not add to total shown because of independent rounding. 


Table 5.— Number of construction sand and gravel active operations! and processing 
plants in the United States in 1984, by geographic region 


Mining operations on land 


Geographic region Stationary No plants Dredging 8 
Stationary Portable and Or operations operations 
portable unspecified 

Northeast: 

New England _________ 121 218 9 61 4 473 

Middle Atlantic________ 338 180 15 95 17 645 
North Central: 

East North Central 337 479 55 124 65 1,060 

West North Central 185 660 24 84 174 1,127 
South: 

South Atlantic 143 58 4 109 86 400 

East South Centraal 81 87 5 20 69 262 
u West South Central 196 151 12 63 82 504 

est: 
Mountain 237 520 35 52 17 861 
Pacifi eee 278 219 26 53 21 597 
"Total ca aga et 1,916 2,632 185 661 535 5,929 


1An undetermined number of operations leased from the Bureau of Land Management in Alaska are counted as one 
operation. 


Table 6.—Construction sand and gravel sold or used in the United States in 1984, by 


major use 

Use anum Value Value 

Bh PAION =) (thousands) per ton 
Concrete aggregate neues concrete sand) 196,914 $678,617 $3.45 
Plaster and gunite saandss „ 8,688 33,487 3.85 
Concrete products (blocks, bricks, pipe, decorative, etc.)) 10,950 40,066 3.66 
Asphaltic concrete aggregates and other bituminous mixtures 68,632 218,758 3.19 
Road base and coveringnsggssʒ 111,604 287,521 2.58 
Road stabilization (cement) _______________________ 1,41 3,282 2.32 
Road stabilization (lime)___ ꝛ 1,291 2,445 1.89 
Pie es n a a dco LA C mt ( A a 51,554 104,619 2.03 
Snow and ice control 5,620 14,317 2.55 
Railroad ballast -—_ - ---------------------——--—— 1,299 4,044 3.11 
Roofing granules -——------------------———-———-— 400 1,833 4.58 
01 2 é ² fp .. ————— HP v 8,988 28,246 3.14 
Abb ö ³⁰oð¹wdſſſſſã mec ceo 306,524 826,721 2.70 
Total! or average 773, 900 2, 244, 000 2.90 


Data may not add to totals shown because of independent rounding. 
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Table 7.—Construction sand and gravel sold or used in 


(Thousand short tons 
Asphaltic concrete 
Concrete ate Concrete products, 
(including. Flaster and — (blocks, bricks, pipe, aggregates and 
Geographic region concrete sand) gunite sands decorative, etc.) 0 
Quan- Quan- Quan- Quan- 
tity Value tity Value tity Value tity Value 
Northeast: 
New England 6,196 24,469 130 614 578 1,900 2,682 8,473 
Middle Atlantic 11,863 49,791 182 3,335 1,012 3,839 4,694 19,512 
North Central: 
East North Central!!! 22,096 66,474 663 2,044 1,745 5,007 13,790 38,164 
E Mi North Central... 12,644 38,379 433 1,412 934 2,603 6,383 14,200 
uth: , 
South Atlantic 28,328 85,916 1,288 3,417 3,604 15,483 5,519 17,672 
East South Central 11,438 33,460 195 194 502 1,630 3,334 11,667 
= West South Central! 41,729 152, 406 1,002 3,632 480 1,659 2,968 10,805 
est: 
Mountain __________ _ 21,763 80,196 973 4,990 822 3,194 13,626 40,704 
Pacific. ____________ 40,857 147,527 3,221 13,248 1,272 4,750 15,638 57,561 
Total? |... 196,914 678,617 8,688 33,487 10,950 40,066 68,632 218,758 


W Withheld to avoid disclosing company proprietary data; included in Total.“ 
1Includes road and other stablization (cement and lime). 
Data may not add to totals shown because of independent rounding. 
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the United States in 1984, by geographic region and major use 
and thousand dollars) 
Road base and ; Snow and ; 
coverings! Fill e coniro] Railroad ballast Other uses Total? 
: Quan- Quan- Quan- Quan Quan- - 
tity Value tity Value tity Value tity Value tity Value tity Value 
6,488 14,552 3,421 6,981 1,422 3,642 35 164 18,742 52,796 39,694 113,590 
5,731 17,039 3,087 1,451 1,607 4,406 Re e 21,260 71,654 49,985 177,028 
24,202 58,151 9,719 18,627 994 2,128 62 290 54,373 145,830 127,643 336,715 
17,941 33, 704 4,166 7,149 551 1,389 257 694 36,998 83,615 80,307 183, 146 
4,032 11,265 5,633 10,240 W W Et ae W W 63,609 187,397 
4,486 10,143 416 596 W W in DES W W 36, 697 225 
4,635 13,180 6.205 10,034 irm xm S —— 41,729 112,776 98,148 304,493 
24,751 64,164 7,183 13,341 450 1,365 222 418 37,542 106,461 107,332 314, 833 
22,043 71,047 11,774 30,200 536 1,240 722 2,478 73,797 199,477 169,861 527,528 
114,307 293,247 51,554 104,619 5,020 14,317 1,299 4,044 315,912 856,800 773,900 2,244,000 


782 


State 


Delaware 


Indiana eee 


NevaddPMæaza 
New Hampshire 
New Jersey y 
New Mexico 
New Vork 


North Dakota _________~_ 
Ohio —— ee eae 


Pennsylvania 
Rhode Island ___________ 
South Carolina 
South Dakota_ 


meee i — — 


Washingtoͤn 


Wisconsin 


Total? ne enter 


W Withheld to avoid disclosing company 
column, and by use in Undistributed' line. 
Includes road and other stabilization (cement and lime). 
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Table 8.—Construction sand and gravel sold or used in 


Concrete ate 
(including 
concrete sand) 


4,447 12,362 
169 928 
6,090 22,507 
4,215 13,743 
33,872 126, 088 
7,148 30,913 
131 3,082 
12,159 30,389 
3,09 8,415 
991 3,599 
3,546 9,931 
2,988 9,135 
2,410 7,948 
2,680 6,424 
2,514 5,642 
8,632 34,289 
552 2,112 
4,446 13,942 
3,401 13,705 
6,417 20,548 
3,529 10,807 
3,334 11,840 
2,208 7,635 
571 2,183 
1,115 2,935 
1,378 3,951 
942 3,543 
3,774 13,721 
1,915 6,344 
3,849 15,041 
1,941 6,235 
95 325 
5,651 17,810 
3,415 10,146 
1,738 5,773 
4,240 21.029 
232 713 
2, 89 7 8,732 
557 2,305 
1,143 3,616 
20,461 94,228 
2,881 1,359 
338 1,314 
3,035 15,682 
5,059 14,563 
744 2.447 
3,494 9,050 
790 3,340 
196,884 678,369 
3 250 
196,914 678,617 


. 


Not applicable. 


Plaster and 
gunite sands 
Quan- 

tity Value 
W W 
7 55 
643 3,613 

126 30 
2,879 12,442 
45 277 
12 82 
W W 
271 1,056 
262 669 
28 152 
206 594 
77 384 
W W 
W W 
W W 
W W 
36 115 
W W 
172 463 
136 526 
4 12 
71 223 
W W 
88 190 
43 138 
W W 
274 1,008 
101 248 
150 586 
326 584 
159 509 
263 537 
W W 
358 1,741 
W W 
290 531 
W W 
185 763 
564 2,673 
70 177 
(3) W 
W W 
329 696 
50 95 
39 376 
8,270 31,816 
418 1,674 
8,688 33,487 


2Data may not add to totals shown because of independent rounding. 


Less than 1/2 unit. 


Concrete products, 
(blocks, bricks, pipe, 


decorative, etc.) 


tity Value 
232 697 
467 1,649 
W W 
1,018 3,823 
29 104 
W 
137 367 
W W 
354 956 
467 1,506 
73 257 
100 330 
W W 
W W 
W W 
959 2,879 
133 566 
334 809 
510 1,369 
53 178 
127 364 
W W 
122 282 
249 1,183 
W 
e 791 
468 1,362 
185 66 
410 1,286 
16 
W 
322 1,687 
707 2,353 
W 
209 719 
218 1,016 
27 8 
W 
1,483 8,944 
144 499 
179 451 
W W 
10,011 37,440 
937 2,630 
10,950 40,066 


(Thousand short tons 
Asphaltic concrete 
ates and 
other bituminous 
mixtures 
tity Value 
585 1,279 
375 1,717 
3,179 11,737 
164 
11,881 44, 470 
3,053 8,159 
332 1,150 
904 1,844 
55 118 
W 
478 1,597 
3,345 11,684 
1,1 4,039 
511 1,303 
1,139 2,546 
539 1,459 
390 1,756 
607 2,350 
1,734 5,845 
739 2, 558 
4,801 8,589 
3,582 1,292 
1,186 3,623 
311 770 
1,936 6,517 
390 1,279 
1,375 2,774 
523 1,336 
1,559 6,144 
1,862 2,765 
1,692 6,372 
1,069 3,668 
16 31 
3,149 10,903 
443 828 
950 3,133 
1.443 6,997 
W W 
1,168 4,137 
374 979 
1,024 5,307 
1,971 7,831 
1,546 4,916 
330 616 
423 1,501 
2,226 7,012 
165 560 
1,307 2,048 
697 2,178 
68276 217,067 
356 1,691 
68,632 218,758 


data, included by State with “Other and undistributed uses" 
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the United States in 1984, by State and major use 
and thousand dollars) 
. Other and 
Road base and i Snow and Railroad eae 2 
coverings! 2: ice control ballast need Total 
Quan- Quan Quan Quan Quan Quan- 
tity Value tity Value tity Value tity Value tity Value tity Value 
1,558 3,559 227 267 W W em T 3,301 8,024 10,348 26,188 
418 1,670 1,611 5,351 W W W W 28278 57,161 30,861 ; 
5,241 14,557 2,598 5,921 38 180 eyes _. 12,182 41,796 30,489 101,959 
678 1,189 W W es ae um EN 3,151 8,170 8,934 23, 786 
15,758 52,440 6,318 17,932 200 334 83 331 30,410 102,569 102,420 360,427 
7,037 18,523 1,613 2,613 199 687 53 162 8,820 25,770 28,024 87,324 
493 1,769 543 1,393 325 1,001 2 4 4,251 14,233 6,718 22,817 
W W W aan i M E 1,003 2,195 1,003 2,195 
W W 2,348 2,912 22, — S MY 5,343 12,293 21,082 48,494 
56 71 331 478 aces nm S NA 1,413 3,506 5,347 13, 623 
W W E og E aie e ET EE 431 2,031 436 2,031 
2,157 5,180 236 510 W W m e 834 2,471 4,725 13,509 
4,023 11,359 2,800 5,805 W W W W 11694 32,148 25,969 72,477 
1,079 3,188 1,131 2,446 208 566 9 46 8,925 23,434 16,071 44,744 
3,958 7,593 725 1,488 98 310 W W 6,046 18,128 13,8822 37,027 
2,510 4,534 1,106 1,687 122 345 W W 4,139 10,492 11,796 26,358 
214 654 W e e sabe Pye 4,571 10,497 7,889 18,252 
505 1,533 583 692 ve scm m mn 6,930 16,395 17,040 54,664 
2,580 4, 446 637 1.422 357 836 (3) W 3,152 8,062 7,885 19, 228 
2,100 4,590 1.696 4.761 10 40 s Se 3,252 14,498 14,234 46, 671 
1,769 4, 205 1.748 3,359 434 1.134 W 5,944 16,611 14,168 42, 139 
11,940 26, 122 1,362 2,261 368 540 32 109 10,646 17,009 36,071 76, 540 
4975 8.982 1,752 2,976 248 522 44 163 1,885 16,451 22,612 49,087 
1,166 2,652 76 87 bore ae tee Et 6,387 16,563 12,205 34,955 
235 543 56 171 34 90 iu zm 4,875 9,569 7,967 19, 364 
1,989 4,940 452 803 65 99 43 131 2,770 6,597 7,776 21,269 
2,454 6,277 259 454 22 64 us A" 7,388 16,311 11,889 27,791 
1,550 3,618 291 755 78 229 —— zt 3,239 7,858 8,202 20,505 
893 2,740 171 357 87 196 Sack = 3,020 7,881 5,637 16,054 
337 1,004 409 1,187 71 298 ss m: 2,900 1,126 9,545 31,878 
2,785 1,318 425 138 T s whos -— 1,715 4,974 8,963 22, 389 
3,921 10,195 2,088 4,220 1.321 3,217 (3) (3) 12,479 39,872 25,968 80,866 
851 2,297 W W » 1,939 4,707 6,312 18,159 
1,175 1,594 67 145 6 21 195 489 4,872 8,746 6,426 11,351 
2,581 8,669 3,299 6,341 156 415 — _. 16,844 58,715 31,748 104,709 
449 1,009 1,589 2,546 "n en s DM 4,808 11,475 10,984 26,582 
2,354 7,319 503 1,099 40 121 - =e 7,191 19,673 12,776 37,117 
1,473 5,839 539 2,044 215 891 es it 5,881 24,057 14,472 64,285 
58 316 14 118 101 227 ae ps 1,018 3,908 1,483 5,282 
"- i: 418 526 DN ne Ean mt 365 817 5,845 17,097 
2,634 4,182 200 227 21 37 3 3 1,998 4,434 5,786 12, 168 
1,548 3, 278 24 51 on EN me EA 2,172 6,096 6,304 19,830 
8,002 9,449 3,831 6,424 ee Em ne __ 27,337 77,832 62,389 199,461 
2,888 6,809 1.431 1.759 37 58 nr bs 6,337 13,289 15,217 4,507 
694 1,075 248 332 117 248 W W 2,015 4,485 3,802 8,071 
723 3, 556 327 664 W W 8 T 2,868 1,013 8,860 37,359 
3,499 9,568 3,41 5,819 233 501 634 2,125 7,905 | 20,288 23,369 61.070 
30 83 W W W De EN 37 110 976 3,198 
4,580 8,812 1,128 1,774 177 351 17 122 6,853 14,642 17,785 38,245 
1,154 3,221 138 242 10 25 W W 1,758 3,991 4,586 13,372 
114,022 292,527 50,749 103,157 5,398 13,643 1,115 3,685 319,147 866.263 773,900 2,244,000 
285 120 1,462 221 616 181 36 XX XX XX XX 
114,307 293,247 51,554 104,619 5,620 14,317 1,299 4,044 XX XX 713,900 2,244,000 
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Table 9.—Number of construction sand and gravel active operations! and processing 
plants in the United States in 1984, by State 


Mining operations on land Total 
0 
State Stationary No plants : active 
Stationary Portable and or operations operations 
portable unspecified 
Alabama ______________ 22 16 2 10 38 83 
Alaska __-_____________ 9 19 2 3 1 34 
Arizona 48 71 7 7 1 134 
Arkansas 23 24 1 12 8 68 
California |... 154 94 15 11 12 286 
Colorado 35 148 13 14 9 219 
Connecticut 19 47 2 5 1 74 
Delaware 2 4 m 2 1 9 
Florida 2 16 E 3 23 44 
Georgia 8 1 1 9 31 50 
HawaiLmLui 1 3 =~ 1 Ne 5 
Ida˖ooo 25 34 1 7 2 69 
Illinois - 34 35 16 67 19 171 
Indiana 42 66 7 12 132 
IS%§ö»Üu 8 45 69 10 28 22 174 
PRONE MT atte 8 17 50 3 21 65 156 
Kentuckyyhÿ h 8 4 1 ier 14 27 
Louisiana 15 41 oe 8 31 95 
ii Lo 8 17 96 2 24 3 142 
land 20 19 2 38 4 83 
Massachusetts 47 65 2 11 rus 125 
Michigan 55 204 14 17 15 305 
Minnesota _____________ 43 213 3 11 3 213 
Mississippi - - - - - ----—-—-——- 21 59 1 T 10 98 
Ur ERE 0 ERES 8 58 — 1 24 91 
Montana.. 19 73 1 6 — 99 
Nebraska 13 112 2 5 59 191 
Ne vad 12 43 2 4 1 62 
New Hampshire 11 33 2 men m 46 
New Jersey ___________- 20 34 2 7 5 68 
New Mexico 28 72 3 2 2 107 
New Vork 233 120 10 77 6 446 
North Carolina 60 1 TM 34 12 107 
North Dakota 8 104 2 a "s 114 
Ohio_________________ 161 30 5 17 19 232 
Oklahoma 64 7 2 23 27 123 
Oregon. 67 18 1 7 4 97 
Pennsylvania 85 26 3 11 6 131 
Rhode Island. ___ _______~__ 12 2 E "M M 14 
South Carolina 19 5 e 12 8 44 
South Dakota ___________ 51 54 4 18 1 128 
Tennessee 30 8 1 3 12 54 
Texas  —————— ĩ 94 19 9 20 16 218 
Utih euch odi 33 52 7 8 100 
Vermont!!! 15 35 1 21 es 12 
Virginia 31 12 se 11 5 59 
Washington 47 85 8 31 4 175 
West Virginia 1 X 1 i 2 4 
Wisconsin 45 144 15 16 m 220 
Wyoming 37 27 1 4 2 71 
Tr ²˙AAA S'S 1,916 2,632 185 661 535 5, 929 


1 An undetermined number of operations leased from the Bureau of Land Management in Alaska are counted as one 


operation. 
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Table 10.— Transportation of construction sand and gravel in 
the United States in 1984 to site of first sale or use 


( tity Percent 
Method of shipment (thousand 
. short tons) of total 
Truck tn. el LA LL - “ ꝗꝙ yy 688,739 89.0 
Hal aee ᷑ ßꝓð5ͥ-- . ³Ü¹ A... b0ͥ· e 3, 5 
%%% H ite re sere 8 16,800 2.2 
Not ship t ⁵ n eu Le E 60,477 1.8 
Unspoiled cel eL eo uela ß ydyd t.. ß eee laa 8,863 
J ͥ a a Si is i e rtu E T Cu LC E se ee fe t 1773, 900 100.0 


Data do not add to total shown because of independent rounding. 


Table 11.—U.S. exports of construction sand and gravel, by country 
(Thousand short tons and thousand dollars) 


Construction sand Gravel 
Country : F.a.s. ; F.a.s.- 
Quantity value! Quantity aluet 
1983 
Bahr... ³ A (3) 10 21 114 
CADAdA  — muc p us x 112 2,234 328 1,225 
Mexico’. jcc. ² ³ m 88 162 461 (3) 8 
ea dd HOT eee eae 160 71,915 20 1463 
//;b Add f y 934 4,620 369 1,810 
1984 
Bahamas. a ces noma Ru Ue 8 (3) 16 
r eos edat Lu EE E 1,006 3,215 616 1,635 
% 0V—V—WjV) é Add ͥͥ ʒ 181 1,534 
rrr.kkö¶õk˖vr 8 23 3.342 17 560 
7öÜ dd ⁵ĩð2—³³ 8 1.210 8.094 635 2.231 
r Revised. 
zi Valos id material at U.S. port of export; based on transaction price, including all charges incurred in placing material 
ongside ship. | 
3Less than 1/2 unit. 


Table 12.—U.S. imports for consumption of construction sand and gravel, by country 
(Thousand short tons and thousand dollars) | 


1983 1984 
Country 
i.f : 
Quantity bi Quantity bu 
Bahamai ocu ⁵ ⁵²ũi] dU e ¾ m b mt E 9 2 14 110 
Canada nomma diee dL Du c E LE 104 652 121 1,100 
OUI, o ocu naues ee ⅛ - ͥ els EM EI cL 8 10 363 1 393 
ö )) ³ AAA E EL ee 123 1,047 151 1,603 


*Value of material at U.S. port of entry; based on purchase price and includes all charges (except U.S. import duties) in 
bringing material from foreign country to alongside carrier. 
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INDUSTRIAL SAND AND GRAVEL 


DOMESTIC PRODUCTION 


The total output of industrial sand and 
gravel increased 10% to 29.4 million tons. 
The North Central region continued to lead 
the Nation with 41% of the US. total, 
followed by the South with 35%, the North- 
east and West with 12% each. Compared 
with that of 1983, the output of industrial 
sand and gravel increased 19% in the 
South, 8% in the North Central, 7% in the 
Northeast, and 2% in the West. 

Based on the 1980 census data on popula- 
tion, U.S. per capita industrial sand and 
gravel production was 0.13 ton. Per capita 
production by region was 0.20 ton in the 
North Central, followed by the South with 
0.14 ton, the West with 0.08 ton, and the 
Northeast with 0.07 ton. 

The five leading States in the production 
of industrial sand and gravel in 1984 were, 
in descending order of. volume, Illinois, 
Michigan, New Jersey, California, and Tex- 
as. Their combined production represented 
49% of the national total. Production in- 
creased significantly in New Jersey, 14%, 
and Texas, 13%, and decreased 4% in Mich- 


igan. 

In 1984, 105 producers of industrial sand 
and gravel with 177 active operations were 
canvassed by the Bureau of Mines. About 
75% of the industrial sand and gravel 
produced came from 52 operations, each 
with an annual production of more than 
200,000 tons. The 10 leading producers of 
industrial sand and gravel were, in descend- 
ing order of tonnage, Unimin Corp., Penn- 
sylvania Glass Sand Corp., Ottawa Silica 
Co., Jesse S. Morie & Son Inc., Manley Bros. 
of Indiana Inc., Owens-Illinois Inc., Oglebay 
Norton Co., Standard Sand & Silica Co., Wed- 
ron Silica Co., and Construction Aggregates 
Corp. Their combined production, from 55 
operations, represented 66% of the U.S. 
total. 

Effective August 1, Martin Marietta 
agreed to lease, with option to purchase, its 
last industrial sand operation in Wedron, 
IL, to Wedron Silica, a new corporation 
formed by a group of Martin Marietta 
employees and Best Sand Corp. of Chardon, 
OH. This totally removed Martin Marietta 


from the industrial sand business. The Wed- 


ron operation produces mostly glass sand, 
foundry sand, and hydraulic fracturing 
sand. 

Pennsylvania Glass Sand of Berkeley 
Springs, WV, announced plans to expand 
production of ground silica at four of its 
operations, at Columbia, SC; Berkeley 


Springs, WV; Pacific, MT; and Mill Creek, 
OK. The expansion plans include installa- 
tion of new automated production and qual- 
ity control equipment, and automated 
packaging and shipping facilities.’ 

California Silica Products Co., a subsid- 
iary of Oglebay Norton of Cleveland, OH, 
purchased the Mission Viejo silica sand 
operation south of Los Angeles, CA, from 
Owens-Ilinois. This operation produces 
mainly glassmaking sand.* 

Georgia Kaolin Co. of Elizabeth, NJ, and 
Yuba Natural Resources Inc. of Marysville, 
CA, formed a joint venture to produce silica 
flour in California. The new company, Yuba 
Silica Inc. in Marysville, CA, will start 
producing in the first half of 1985. | 


CONSUMPTION AND USES 


Sand and gravel production reported by 
producers to the Bureau of Mines is actual- 
ly material sold or used by the companies. 
Stockpiled material is not reported until it 
is consumed. 

Of the 28.7 million tons of industrial sand 
sold or used, 40% was consumed as glass- 
making sand, and 25% as foundry sand. 
Other important uses were hydraulic 
fracturing sand and abrasive sand, each 
with 7%. Because some companies did not 
report a breakdown by end use, their total 
production as well as the estimates for 
nonrespondents were included in “Other 
uses," which represent about 1396 of the 
U.S. total. On a regional level, most of the 
glassmaking sand was produced in the 
South, 40%; followed by North Central, 
28%; and West, 18%. Most of the foundry 
sand was produced in the North Central, 
73%, and South, 16%. Of the smaller by 
volume but important uses, most of the 
hydraulic fracturing sand was produced in 
the North Central, 61%, and in the South, 
37%, while most of the abrasive sand was 
produced in the South, 48%. 


PRICES 


The average value, f.o.b. plant, of U.S. 
industrial sand and gravel increased 2% to 
$12.84 per ton. Average unit values for 
industrial sand and industrial gravel were 
$12.92 and $9.71 per ton, respectively. Na- 
tionally, industrial sand used as silica flour 
had the highest value per ton, $75.22, fol- 
lowed by silica sand used in ceramics, 
$26.87, scouring cleansers, $23.44, and fiber- 
glass ground, $22.20. 
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TRANSPORTATION 


Of the total industrial sand and gravel 
produced, 73% was transported by truck 
from the plant to the site of first point of 
sale or use, 25% was transported by rail, 1% 
by waterway, and 1% was used at site. 
Because most of the producers had no re- 
cords of and did not report shipping dis- 
tances or cost per ton per mile, no trans- 
portation cost data were available. 


FOREIGN TRADE 


Exports.—Exports of industrial sand in- 
creased 14% to 1.2 million tons valued at 
$27.7 million. Of this, 88% went to Canada, 
and 6% went to Mexico. 

Imports.—Imports of industrial sand 
decreased 4496 to 25,528 tons valued at 
$926,094. Of this, 31% came from the Baha- 
mas, 23% from Australia, and 19% each 
from Antigua and Canada. 


TECHNOLOGY 


Starting in 1975, the Bureau of Mines 
entered into a series of cooperative research 
agreements with several companies, mem- 
bers of the National Industrial Sand Associ- 
ation, to improve dust control procedures 
and reduce personal exposure to respirable 
dust in the industrial sand bagging oper- 
ations. The study has been completed and 
demonstrates that proper modification of 
the fluidized packing equipment reduces 
the level of dust by up to 83%. Special 
ventilation procedures, improvements in 
bag design, as well as addition of moisture, 
foam, or steam to the dried product reduced 
the dust content in the baghouse by up to 
90%. The results of this study have been 
termed a significant advancement in the 
present state-of-the-art bag filling proce- 
dures in silica sand operations. 

A new state-of-the-art plant operated by 
Vulcan Materials Co. of Birmingham, AL, 
was in its first full year of operation pro- 
ducing high-quality hydraulic fracturing 
sand from Hickory Sandstone near Voca, 
TX. The plant was a joint venture of Vul- 
can's Aggregates Div. and its Chemicals 
Div. The entire processing plant is highly 
automated with a computerized interactive 
quality control system being used to moni- 
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tor and optimize each step of the process. 

A new flat glass manufacturing process, 
perfected independently by several major 
glassmakers, produces a glass-and-metal 
composite that reduces significantly the 
amount of heat released through conven- 
tional glass panels. The new low-emis- 
sivity" glass contains a transparent layer of 
metal oxide particles that are embedded 
within the glass at high temperature. De- 
spite the fact that the composite glass costs 
three times as much as plain glass and will 
add about 15% to the cost of the double- 
panel windows, it is expected to find wide 
use in the construction industry." 

Since the 1950's, the glass container in- 
dustry in general and beer and soft drink 
bottle manufacturers in particular have 
been working on new solutions to reduce 
the weight of their products, in order to 
compete with aluminum and plastic con- 
tainer manufacturers. Progress has been 
made through the use of the dual surface 
treatment coating manufacturing tech- 
nique, the use of plastic label wraps on glass 
bottles, and more recently the computerized 
bottle design analysis techniques. The tech- 
nology to produce a super-lightweight con- 
tainer is available today, and the container 
of the future will be made from homoge- 
neous, thermally well-conditioned glass 
manufactured on computer-controlled glass- 
forming machines. 


1Physical scientist, Division of Industrial Minerals. 

?Rock Products. Particle Size Measured by Optical 
System. V. 87, No. 7, July 1984, pp. 28-29. 

Hedley, P. The C-H Sizer: A Breakthrough in Wet 
Sizing? Pit & Quarry, v. 77, No. 4, Oct. 1984, pp. 86-88. 

Robertson, J. L. Update on Recycling. Rock Prod., v. 87, 
No. 6, June 1984, pp. 25-27. 

5Herod, S. Michigan Producer Using Airlift Dredge To 
Meet Objectives. Pit & Quarry, v. 76, No. 8, Feb. 1984, pp. 
28-39. 

SPit & Quarry. V. 77, No. 2, Aug. 1984, p. 13. 

7Industrial Minerals(London). PGS Silica Reaches 1m. 
Tonnes. No. 203, Aug. 1984, p. 16. 

$— —— . Oglebay Norton Buys Silica Operation. No. 205, 
Oct. 1984, p. 15. 

9Volkwein, J. C., and R. D. Gaynor. Dust Control in Bag- 
Filling Operations. BuMines IC 9005, 1985, 21 pp. 

10Kuennen, T. Vulcan's New Frac Sand Plant. Rock 
Prod., v. 87, No. 11, Nov. 1984, pp. 35-38. 

5 R. Business Week, No. 2894, May 13, 1985, p. 
140F. 

1280 uthwick, R. D. A Super-Lightweight Container is 
Feasible. Glass Ind., v. 66, No. 7, June 1985, pp. 14-17. 
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Table 13.—Industrial sand and gravel sold or used in the United States, by geographic 


region 
1983 1984 
Geographic region 5 Percent Value Percent . Percent Value 
ahort of (thou- of short f (thou- 
tons) total sands) total tons) total sands) 
Northeast: 
New England. . ..... 148 1 $3,250 1 186 1 $3,781 
Middle Atlantic 3,265 12 44,251 13 3,459 12 43,725 
North Central: 
East North Central | _ _ 9,601 36 96,840 29 10,260 35 119,035 
T Min North Central 1,488 6 22,683 1,663 5 25,983 
uth: 
South Atlantic... 4,115 15 55,328 16 5,348 18 65,126 
East South Central 969 4 9,583 3 1,128 4 10,939 
M West South Central 3,649 14 51,906 15 3,881 13 52,655 
est: 
Mountain. nns 868 3 12,258 4 819 3 11,595 
Pacific _________~- 2,515 9 39,107 12 2,638 9 44,377 
Total? __-_______ 26,620 100 335,200 100 29,380 100 377,200 


1Data may not add to totals shown because of independent rounding. 


Table 14.—Industrial sand and gravel sold or used in the United States, by State 


(Thousand short tons and thousand dollars) 


1983 1984 
State : 
Quantity Value Quantity Value 
Alabama —— ß ee ee ce e 418 3,256 442 3,600 
Jö ee Ael See eee ees, E W W W 
Arkansas — e ³⁰¹w—!ůA—I—m—ͤ—n 386 4,796 459 6,207 
iel! e LL nc get dt ete 2,150 34,066 2,281 39,176 
Colorado uunc ĩð ĩ E T e Ee 212 3,233 149 ,213 
Connecticuimlttk! kh „- W W W W 
F ³o¹mim ( onset neat tyes oh oe Sy ͤ . EE 329 3,447 1, 533 9,815 
Georgia ß LL I et de EE t 539 7,298 478 6,795 
0ĩ³˙¹iũ ͥ ae Pt UU ee y a W W W W 
Ilinois 5n mem ut Ede IM LL AE 4,060 42,871 4,100 52,197 
(( ⁰˙ꝛAA ͥ ⁰• cuc W W 194 : 
ANSAN a co ee I a cr re Ue Re DEAD 199 2,184 W 
F“... e a a a 10 124 W 
l ³o¹w. 291 4,252 266 3,757 
TT a ne eS C us W W 
Massachusetts -.— ---------Ż-----—---—-—-—--—————— W W 
Meni. ecd LO 8 3,545 21,511 3,400 33,060 
WMI é 685 12.932 W W 
MISSISSIDDL ccs 8 W W W W 
lr ⁵ð- Lu ee ts 600 1,541 614 8,129 
Nen ee eb eut ie E LL D LEE oe W W W W 
NP ð ³ AAA 8 4 W W W 
7J)%%%//%)ͥͥõͤõĩõĩ—ĩ?é ( ˙ ⁊ͤ v v Pe Ye W W 489 W 
Nh ³·¹⁰ ⁰ AAA d eL LE et 2,386 31,819 2,112 32,287 
New YOTE oco nen ele ³ ³ a ee ere etie W 20 260 
North Carolina 1,066 11,689 1,158 12,864 
J/G˖.ĩ1 mm a ee 86 1.226 17,848 1,506 20,829 
Oklahoma e eren ³ð m ra das trees 1,184 13,221 W 
OERO MOORE a Aa arte TOMUS W W pun m 
Pennsylvaniinin ass W W W W 
Rhode Island: ——- Lc leu —-üſ Oe Es W W 
South Carolina aaa — 842 13,169 882 14,889 
Tennessee 483 5,455 650 6,903 
Tetas te sos SLE need sec ð v y a e tuo 1,788 29,637 2,028 29,282 
16!!! EPIS 24 11 W 
MIFRIDIB: . . tA as ena W W W W 
Washington ccc dome mue iSc iem eee 331 4,581 356 5,201 
West Virgiña e ⁵ ²˙˙àAA Tr. ͤ . et W W W W 
Wh yd esce C itu 621 7,208 1,060 11,821 
M cee ete erue vt 86 3,232 47,010 4,587 76, 
Tota noa ce ca to ] ꝛA¹ t x MAT eI. 26,620 335,200 29,380 377,200 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


1Data may not add to totals shown because of independent rounding. 
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Table 15.—Industrial sand and gravel production in the United States in 
1984, by size of operation 


Percent Quantity Percent 
Size range TIO : of (thousand of 
pe total short tons) total 

Less than 25, 0 hr 41 23.2 365 1.2 
28000 0 % % 0 % /%ndd 8 28 15.8 1.030 3.5 
h; y d et es es eres 27 15.2 1.931 6.6 
100,000 to 199,.999ghe9t?2?ʒ et 29 16.4 4,084 13.9 
200, 000 to 299,9ũ9ͥꝶ 9992”. ð „ 16 9.0 3,746 12.8 
300,000 to 399,999 Le 15 8.5 5,375 18.3 
400, 000 to 499,9 dd „ 9 5.1 4,096 13.9 
500,000 to 599,999 - 1 ð-ſ ⁰y es cic: ep ER 2 1.1 1,186 4.0 
600,000 to 699,999 _.______________________ ee 3 1.7 2,017 6.9 
700,000 and over ß a ne Se eh Sal ae 7 4.0 5,551 18.9 
//. uec nci aoc 8 177 100.0 129,380 100.0 


Data do not add to total shown because of independent rounding. 


Table 16.—Number of industrial sand and gravel operations and processing plants in the 
United States in 1984, by geographic region 


Mining operations on land 


Dredging Total 


Geographic region Stationary No plants operations active 


Stationary Portable and or e 
portable unspecified 

Northeast: 

New England _________ 5 4 n ia zs 1 5 

Middle Atlantic 10 EN EN 1 8 19 
North Central: 

East North Central__________ PERE 36 1 4 "T 2 43 

West North Centraal 9 cae EP e 1 10 
South: 

South Atlantik 19 T 1 5 9 34 

East South Centraal... 10 1 "- 1 5 17 

West South Centraal 17 RN 1 1 5 24 
West: 

Mountain __________________ 7 I "S 2 1 11 

Pacific k m l6, e 9 1 ae 2 2 14 

OT OU a cenis ae os ot ey x. 121 4 -6 12 34 177 
Table 17.—Transportation of industrial sand and gravel in 
the United States in 1984 to site of first sale or use 
Quantity 
Method of shipment (thousand P ed 
short tons) 8 

CJ] ⁰˙¹“XmXdnmd&n&n1ttt.t.ww!:!ỹ!/ ⁵ð ß ĩ . VAM: Mh SS E 21,490 73 
c te Ny st oy nce a gt Ay Eon ee yA 7,416 25 
Water ways J ⁵³ðiͥdſſdy0àJdyͥfͤ⁷ù q 8 319 1 
ff / lu ce ii urere é 157 1 

)/!GͥũT00G0TͥED d ⁵oꝛ¹ͤ¹ dd 29,380 100 


Pata do not add to total shown because of independent rounding. 
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Table 19.—U.S. exports of industrial sand, by country 
(Thousand short tons and thousand dollars) 


1983 1984 
Country ! a.s. g A. s. 
Quantity us K Quantity d 
North America: 
amas- o non oru a as hh LM EL A tUm 11 115 
CJ«’ y y T pe 918 12,566 1,045 13,587 
Costa RICA oes CE M AE Laer tee 11 17 1 
Dominican Republic |... n 1 171 3 231 
J ain he A ah ieee a ae E 58 2,167 70 2,245 
Panama ademas ͥ ͥͥͥ0ô⁰¹ꝛ¹¹ ]˙ e eee ee 11 280 5 152 
õõ ]³⁰ðUA A..... ys y 8 3 366 1 390 
Ifjüüöĩ§öĩÜ—Lß.iði;ðð mm Le es 1,007 15,842 1,138 16,871 
South America: 
Argentina ² ] ů 4202 Gow oe ee ewe ee ee 8 (3) 39 4 238 
a ea ̃ x ::: . 3 2 229 6 693 
Venezuela ... Bo ee ee (3) 53 1 171 
;ö§Ä˙O f ³ a es ty es eh ee 1 177 1 309 
))))! nuc en ëůBÄ! Le S EE 3 499 11 1,410 
Europe: 
Germany, Federal Republic oůuhl( ——m· 5 1,084 5 1,381 
/ ³Ä U n a a es 8 1 87 1 153 
Netherlands ________~_____________________ 6 3,442 3 1,573 
NOFWAÜV. d DC ee eae 2 168 1 86 
United Kingdom -------------------------—— 5 408 6 441 
DIDBE a or om aud f c 8 4 510 4 140 
1õÄÜ— ib˙6üũ ³»¹ OP or es, aen 22 5,698 20 4,373 
Asia: 
Indonesia __—--------------------—-——-——-———- 1 155 2 253 
JJ/˙]˙¹ ³ Z 3 1,150 4 1,149 
Singapore ah hs eee 8 2 706 4 883 
r c te A A eg er 2 474 2 466 
Tota ...... edu iE 8 2, 485 11 2,752 
Middle East and Africa: 

/// ³VG—!᷑ꝛꝙvꝙyꝗñ⁵ 3 8 8 n 3 565 
Sadie -----------------—--—-——- (3) 177 1 73 
United Arab Emirates 2 245 2 612 
/! d ³⅛V6wwss ð v ͤ- LEE UAE ic ue 3 677 3 496 

fr a a 5 1,099 9 1,806 
%%% as e he es, 8 1 435 3 444 
Grand total? ___________________________ 1,047 26,057 1,193 27,656 


zi bios = material at U. S. port of export; based on transaction price, including all charges incurred in placing material 
ongside ship. 

?Data may not add to totals shown because of independent rounding. 

SLess than 1/2 unit. 


Table 20.—U.S. imports for consumption of industrial sand, by country 
(Thousand short tons and thousand dollars) 


1983 1984 
Country Cif. C.i.f. 
Quantity value! Quantity valust 
III % ů m n Lee Sr e US we: 5 83 
PRAMS ET a a EEE ⁰ſr a a a 45 1,235 6 167 
Bahamas ³·¹¹ Sedis e: en o eiat eU cru 10 36 8 15 
)) rads ef lla a 1 52 5 155 
Gl hr Re ⁰⁰ydt NE 1 7296 2 506 
jp M —— ERE 258 1,619 26 926 
"Revised. 


! Value of material at U.S. port of entry; based on purchase price and includes all charges (except U.S. import duties) in 
bringing material from foreign country to alongside carrier. 
?Data do not add to total shown because of independent rounding. 
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Silicon 


By Gerald F. Murphy: 


Demand for silicon ferroalloys and silicon 
metal in 1984 increased significantly com- 
pared with that of 1983, the result of contin- 
ued recovery by the iron and steel, alumi- 
num, and chemical industries. Overall pro- 
duction and shipments of silicon ferroalloys 
were up by about one-third but those of 


silicon metal increased by only one-sixth. 


Imports declined and domestic producers 
gained a larger share of the domestic mar- 
ket. However, the high value of the dollar 
against other currencies put further strain 
on domestic producers, making it more 
difficult for them to compete in the world 
market. Exports increased dramatically but 
were still small compared with imports. 
Owing to stronger demand by major con- 


suming industries for silicon materials, 
prices for most silicon products began to 
firm in 1984. 

Domestic Data Coverage.—Domestic pro- 
duction data for the silicon commodity are 
developed by the Bureau of Mines by means 
of monthly and annual voluntary domestic 
surveys. Typical of these surveys is the 
monthly ‘Silicon Alloys" survey. Of the 20 
canvassed operations to which a survey 
collection request was made, 19 responded, 
representing about 90% of the total produc- 
tion shown in table 1. Production for the 
remaining nonrespondent was estimated us- 
ing reported prior year production levels 
adjusted by trends in employment and oth- 
er guidelines. 


Table 1.—Production, shipments, and stocks of silvery pig iron, ferrosilicon, 
and silicon metal in the United States in 1984 


(Short tons, gross weight, unless otherwise specified) 


Silicon content Producers ris Net Producers 
Alloy (percent) Stocks as of pro- ship- Stocks as of 
31, ducti ts Dec. 31 
Range Typical 1983 seen ed 1984 
Silvery pig iron 5-24 18 W W W 
Ferrosilicon (including briquets) _______ 25-55 48 59,792 344,311 305,409 60,579 
2 OE PRL ĩ 8 56-95 76 22,701 129,029 120,667 29,157 
Silicon metal (excluding semiconductor 
Cow o cog) atts o les 96-99 98 11,778 144,005 139,393 10,432 
Miscellaneous silicon alloys (excluding 
silicomanganese) ______________~- 32-65 pin: 11,861 18,110 11,991 14,300 


W Withheld to avoid disclosing company proprietary data. 


Legislation and Government  Pro- 
grams.—In 1984, there were a number of 
significant Government actions relative to 
ferrosilicon and other ferroalloys. The U.S. 
Department of Commerce published the 
final results of its administrative review 
under the Tariff Act of 1930, of the counter- 
vailing duty order on ferroalloys imported 
into the United States from Spain during 
1982. Commerce instructed the U.S. Cus- 


toms Service to assess countervailing duties 
on imports of ferrosilicon and several other 
ferroalloys. On January 24, the Internation- 
al Trade Commission (ITC) found that im- 
ports of Soviet origin 5096 ferrosilicon dur- 
ing the second half of 1983 did not signifi- 
cantly harm the domestic ferroalloy indus- 
try. The ITC had been requested, by the 
U.S. Trade Representative, to conduct an 
investigation under Section 406 of the 
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Trade Act of 1974 to determine whether the 
Soviet ferrosilicon imports had caused mar- 
ket disruptions. Commerce released a state- 
ment on May 10 announcing that the Presi- 
dent had determined that imports of fer- 
roalloys do not threaten the national securi- 
ty. The Ferroalloys Association had peti- 
tioned the Government in August 1981 for 
import relief under the National Security 
Clause (Sec. 232) of the Trade Act of 1962. 
Higher U.S. import duties for seven fer- 
roalloy classes, including ferrosilicon and 
silicon metal, were deleted from the Omni- 
bus Trade Bill on October 5, 1984, by House- 
Senate conferees. An amendment (No. 4291) 
to the Senate version of the bill (S. 3398) 
that would have imposed a minimum “fair 
price" or "breakpoint" was struck out. The 
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U.S. Department of Defense (DOD) plans to 
use some 1985 Defense Production Act Title 
III funds to support the domestic production 
capability of high-purity silicon. There is 
reportedly no domestic capacity for produc- 
ing high-purity silicon for military appli- 
cations, and the Pentagon presently pur- 
chases it from a West German producer. 
The decision reflects à new emphasis by 
DOD on use of title III funds. In its first 
allocation of such funding since the 1950's, 
DOD is also planning to guarantee purchase 
levels of several other materials and prod- 
ucts considered critical to domestic defense, 
rather than follow its previous approach of 
creating domestic capacity through direct 
investments in industries. 


DOMESTIC PRODUCTION 


Production of silicon materials followed 
the general improvement in economic activ- 
ity. Particularly large increases were made 
for silicon ferroalloys. 

Overall production of silicon ferroalloys 
increased by about one-half, compared with 
that of 1983, reaching the highest level 
since 1981. Production of 25% to 55% ferro- 
silicon was up by about one-half, while that 
of 56% to 95% ferrosilicon was up by three- 
fifths. Miscellaneous silicon alloys were up 
by about one-half. The miscellaneous silicon 
alloys are special purpose alloys mainly 
composed of ferrosilicon but with other 
elements added. Magnesium ferrosilicon ac- 
counts for the major portion of this catego- 
ry. Other silicon alloys include calcium 
silicon, silicon-manganese-zirconium, and 
proprietary inoculants. Production of sili- 
con metal increased by about one-sixth, 
compared with that of 1983, and except for 
1979, attained the highest level ever. 

Norway's Elkem A/S, one of the world's 
largest ferroalloy producers, increased its 
share in Elkem Metals Co., Pittsburgh, PA, 
from 49% to 67%. The Globe Metallurgical 
Div. of Interlake Inc., a major producer of 
ferrosilicon and silicon metal, was sold for 


about $37 million to Pickands Mather & Co., 
Cleveland, OH, a subsidiary of Moore 
McCormack Resources Inc., Stamford, CT. 
The acquisition included both of Globe's 
plants, one in Selma, AL, and the other in 
Beverly, OH. Ohio Ferro-Alloys Corp. (OFA) 
ceased production of ferrosilicon at its 
Philo, OH, plant in September and silicon 
metal production at its Powhatan Point, 
OH, plant in October. Low-priced imports 
and high energy and labor costs were 
among the reasons cited for these actions. 
OFA continued to produce silicon metal at 
its third plant in Montgomery, AL. The 
Hanna Mining Co. attempted to obtain a 
low power rate through mid-1990 from the 
Bonneville Power Administration (BPA). If 
Hanna is not successful in obtaining a 
longer term power contract from BPA, fu- 
ture operations at its Riddle, OR, facility 
are uncertain. Hanna produces ferrosilicon 
at the Riddle plant for use in the production 
of ferronickel. 

Estimated ferrous scrap consumption by 
the domestic silicon ferroalloys industry 
was 310,000 tons in 1984, compared with 
220,000 tons in 1983 and 210,000 tons in 
1982. 
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Table 2.—Producers of silicon alloys and/or silicon metal in the United States in 1984 


Producer Plant location Product 
Aluminum Co. of America, Northwest Alloys Ine dy. A1 FeSi and Si. 
Dow Corning Corp _______________________________ Springfield, f i. 
Elkem Metals Co ` - - - --- -----------------------—- lloy, WW FeSi and Si. 
EE EEN EA ꝗ² ↄ Ashtabula, OH - ---- FeSi. 
Foote Mineral Co., Ferroalloys Div -------------------—-- Graham, WW 1 
/////öõößv[k D yx Keokuk, IA |... Silvery pig iron. 
Hanna Mining Co.: 
Hanna Nickel Smelting Co ________________________ Riddle. Rx FeSi. 
lie yy 8 Wenatchee, K FeSi and Si. 
International Minerals & Chemical Corp., Industry Group, TAC 
ehh ³ Bridgeport, Alu FeSi. 
jj TR TEE imball, MADE Do. 
Moore McCormack Resources Inc., Globe Metallurgical Ine RS le V FeSi and Si. 
ul. tin ss ea cni tM LT E ma, Alu i. 
Ohio Ferro-Alloys CorrrP Pk Montgomery, Al. FeSi and Si. 
Lee i E eget pee ]⁰ð¹ð˙—C,;ẽöẽ = y E c MC. Philo, OH ________ Do. 
Do o cdam ³Ü·V¾˙ Lc AD ͥ d y Powhatan Point, OH . Si. 
Reynolds Metals ko Sheffield, Al Do. 
SKW Alloys fne‚e 888 Calvert City, KX FeSi. 
|| rd Niagara Falls, NX Do. 
CONSUMPTION AND USES 


Demand for silicon ferroalloys and silicon 
metal increased by about one-fifth and one- 
tenth, respectively, compared with that of 
1983. The increase in demand for silicon 
ferroalloys was attributed to a continued 
recovery by the steel and ferrous foundry 
industries, while that of silicon metal was 
mainly the result of increased demand by 
the aluminum and chemical industries. 
Cast iron shipments, exclusive of ingot 
molds, as reported by the Bureau of the 
Census, rose from 8.0 million net tons in 
1983 to about 9.6 million net tons in 1984, 
an increase of about 20%. 

The largest demand in 1984 was for the 
50% ferrosilicon grade and silicon metal, 
followed, on the basis of silicon content, by 
the 75% ferrosilicon grade, silicon carbide, 
and miscellaneous silicon alloys. The 
decreasing order of end uses for silicon 
materials was steel, cast iron, silicones and 
silanes, and nonferrous alloys, with about 
80% of consumption being accounted for by 
ferrous applications. Cast iron production 
consumed the greatest amounts of silicon 
carbide, miscellaneous silicon alloys, and 
silvery pig iron, while steelmaking was the 
biggest user of 75% and 85% ferrosilicon. 
Iron foundries and steel plants together 
accounted for 93% of 50% ferrosilicon us- 
age; 90% of silicon metal went into silicones 
and silanes and nonferrous alloys. 

Increases in consumption paralleled in- 
creases in major markets for silicon alloys 
and metal. Iron foundries and the steel 
industry experienced production increases 
of about one-sixth and one-tenth, respective- 
ly. The aluminum industry, which uses 
silicon metal to make wrought and cast 


products, showed a production increase of 
about one-sixth. The increase was in large 
part caused by increases in the transporta- 
tion and housing industries. Consumption 
of silicon metal for silicones and silanes also 
increased in 1984 by about 15% compared 
with that of 1983. 

Silicon metal produced by tonnage meth- 
ods is used as raw material for the manufac- 
ture of the relatively small quantity of 
ultra-high-purity polycrystalline silicon for 
semiconductors, photovoltaic cells (solar 
cells), and other highly specialized applica- 
tions. The Bureau of Mines does not collect 
data on these specialty grades of silicon, 
which have a high unit value. In 1984, 
domestic production of polycrystalline sili- 
con was estimated at 1,800 tons. 

Union Carbide Corp. started up the first 
of 48 reactors at its new polycrystalline 
silicon plant at Moses Lake, WA. All 48 
reactors are scheduled to be in use by May 
1985. Plant output is expected to be about 
1,300 tons per year. The facility now gets its 
silica from West Virginia but soon will be 
supplied by Hanna, Wenatchee, WA. The 
company reportedly already planned to ex- 
pand the new plant from one and one-half 
to twice its existing size. Union Carbide also 
announced plans to build a second $200 
million polycrystalline silicon plant with an 
output of about 3,300 tons per year, the site 
of which was to be determined. Shin-Etsu 
Itandotai Co. Ltd., Japan, reached an agree- 
ment in principle to acquire 25% of Hem- 
lock Semiconductor Corp., Hemlock, MI, a 
subsidiary of Dow Corning Corp. Hemlock 
plans to build a new polycrystalline silicon 
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plant with a capacity of about 2,700 to 3,900 
tons per year. The proposed facility report- 
edly will supply 25% of production to Shin- 
Etsu beginning in 1986. In 1984, Dow Corn- 
ing reportedly was negotiating with Mon- 
santo Co. in Missouri to bring that firm into 
a joint polycrystalline silicon production 
program. 

Monsanto, Shin-Etsu, and Wacker Chemi 
GmbH reportedly were negotiating an 
agreement under which Wacker would con- 
struct a polycrystalline silicon plant in 
Portland, OR. The United States and Japa- 
nese firms would supply part of the requir- 
ed funds. | | 

Allied Corp. awarded a contract to Chem- 
Pro Corp. to construct an oximino silanes 
plant at Marcus Hook, NJ. Allied initially 
plans to offer methyl tris silane, vinyl tris 
silane, and methyl vinyl bis silane. These 
products are used in room-temperature vul- 
canizing silicone sealant as cross linkers 
and chain extenders enabling the formula- 
tion of a neutral, low-odor sealant with a 
variety of properties. Dow Corning and 
Lucky Development Co. Ltd., Republic of 
Korea, have formed a joint venture to 
produce and sell silicone products in that 
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country. The new company, Lucky-DC Sili- 
cone, began to make industrial silicone 
products early in the year. | 

Spire Corp., Bedford, MA, received a $3 
million contract from the U.S. Department 
of Energy's (DOE) Solar Energy Research 
Institute to develop photovoltaic cells (solar 
cells) with a high conversion efficiency. The 
goal is to make multijunction amorphous 
silicon alloy solar cells with a conversion 
efficiency of at least 18% by 1988. 

Stauffer Chemical Corp. planned to build 
a new ethyl silicate plant at its Weston, MI, 
facility. The plant will be based on Stauf- 
fers new process that synthesizes. ethyl 
silicate from silicon and ethyl alcohol. The . 
costlier, conventional ethyl silicate process 
uses silicon tetrachloride as a starter and 
makes large amounts of unwanted byprod- 
uct. 

Overall, consumer stocks showed a slight 
decline of about 2%. Stocks of 25% to 55% 
ferrosilicon and miscellaneous silicon alloys 
dropped by about one-sixth and three- 
tenths, respectively, while those of 71% to 
80% ferrosilicon and silicon metal increased 


by a little less than one-tenth and Ze about 


one-half, R 


Table 3. Consumption, by major end use, and stocks of silicon alloys and metal 
in the United States in 1984 


(Short tons, gross weight, unless otherwise specified) 


Silicon content Silvery 
(percent) pig iron 
End use 
Range 5-24 25-55 
Typical 18 48 
Steel: 
Carbon ($) 53,736 
Stainless and Basa 8 31,260 
Full alloy (*) 23,378 
High-strength low-alloy . _ (*) 5,646 
Electric p e ($) 
p ina a a m 1,462 
Unspecified- _ 138 6,501 
Total nte 138 121,983 
Cast iron 9,243 123, 102 
Superalloys - ss | (5) 246 
Alloys (excluding alloy steels 
and superalloys)_ -- 174 3,089 
Silicones and silanes c T 
Miscellaneous and unspecified 12 14,823 
Total ocu mes 9,567 263,743 
Percent of 1988 69 122 
Total silicon content“ 1,722 126,596 
Consumers’ stocks, 
Dec. 31____.___- 1,121 11,461 


iis. “lene 26d] 
TE ilicon aneous Silicon 
Ferrosilicon' metal silicon carbide’ 
alloys? | 
56-70 11-80 81-95 96-99 TN 63-70 
65 76 85 98 48 64 
(4) 19,316 ($) ($) 2,221 25 
($) 26,349 (4) ($) ($) 
($) 7,133 777 ($) 1,024 ($) 
- 1,454 (*) ($) ($) ($) 
($) ($) Ae — ($) "n 
uM 1,073 tue __ 2 B 
3,356 22,792 1,159 1,248 420 227 
3,356 78,117 1.936 1.248 3,665 2 
838 24,727 378 (5) 27,005 32,219 
E (5) (5) 65 an __ 
EN 99 3 41,564 95 2 
So e 61,262 sit A 
67 51 610, 214 1 e 
4,194 103,010 2,368 114,353 30,766 32,413 
85 114 168 115 112 154 
2,726 18,281 2,012 112,066 14,768 20,782 
245 7,917 196 5,612 1,830 1,480 


1Includes briquets. 


2Primarily magnesium-ferrosilicon büt also includes other silicon alloys. Average silicon content estimated: as 48%, 


based on 1984 production survey. 


3Does not include silicon carbide for abrasive or refractory uses. 
‘Included with "Steel: Unspecified.“ 
*Included with Miscellaneous and unspecified.” 
Includes an estimated 10,000 tons consumed for unspecified chemicals. 


"Estimated based on typical percent content. 
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PRICES 


. Owing to stronger demand by the steel 
and ferrous foundry industries for ferrosili- 
con and by the aluminum and chemical 
industries for silicon metal, posted prices 
for domestic silicon materials began to firm 
in 1984. For example, on a cents per pound 
of contained silicon basis, the average price 
per year for domestic material increased 
from 42.1 in 1983 to 42.9 in 1984 for 50% 
ferrosilicon, from 42.7 to 44.3 for 75% ferro- 
silicon, and from 57.2 to 62.9 for silicon 
metal containing 1% maximum iron. 
Imports of silicon ferroalloys and silicon 
metal also showed a firming trend in 1984 
but were still priced significantly lower 


than equivalent domestically produced ma- 
terials. For example, the average price per 
year for the 50% grade of ferrosilicon went 
from 36.1 in 1983 to 40.7 in 1984, from 36.0 
to 41.3 for the 75% grade of ferrosilicon, and 
from 53.1 to 59.8 for silicon metal with up to 
1% iron. 

The posted price of certain domestically 
produced silicon materials did not change. 
These included calcium silicon, all grades of 
magnesium ferrosilicon, and a number of 
proprietary materials. 

Because of increased demand for silicon 
materials, discounting was not as evident as 
in the years 1981-83. 


FOREIGN TRADE 


. Exports of ferrosilicon were the highest in 
quantity since 1975 and were the highest 
ever in terms of value. The largest amounts 
were exported to Canada and Japan, 19,597 
and 4,290 tons, respectively, which together 
accounted for about 80% of both total quan- 
tity and value. Exports went to 29 countries. 
Silicon metal exports showed a substantial 
increase, about three-fifths higher compar- 
ed with those of 1983. Principal recipients 
were Japan, 1,764 tons; Mexico, 1,629 tons; 
Canada, 515 tons; and Malaysia, 154 tons, 
which combined accounted for about 90% of 
total quantity and 80% of total value. Ex- 
ports of silicon metal went to 34 countries. 

Compared with those of 1983, ferrosili- 


con and silicon metal imports each decreas- 


ed by about 10% in quantity on a gross 
weight basis but increased 8% and 6%, 
respectively, in value. Imports of regular- 
grade 75% ferrosilicon (60% to 80% silicon) 
were the most significant on a quantity 
basis, amounting to about two-thirds of 
total ferrosilicon imports. Norway and 
Venezuela each shipped slightly more than 
one-fourth of the total in this range, while 
Brazil and Canada with about one-fifth and 
one-tenth of the total, respectively, were the 
next largest sources. Imports in this range 
from Canada, France, and Iceland declined 
notably compared with those of 1983. The 
next largest import class was regular-grade 
50% ferrosilicon (30% to 60% silicon), 
which amounted to a little more than one- 
fifth of ferrosilicon imports. The three main 
sources within that class were the U.S.S.R., 
Brazil, and Canada. Total imports of silicon 
metal decreased by about one-tenth in 
terms of gross weight, compared with those 
of 1983. Canada, France, Yugoslavia, and 
Brazil were the dominant sources of com- 


mercial-purity silicon metal. The Feder- 
al Republic of Germany and Italy supplied 
four-fifths of the imported high-purity 
semiconductor-grade silicon, which is in- 
cluded in the over 99.796 silicon import 
class. 

Imports of silicon materials, on a gross 
weight basis, represented a smaller share of 
the domestic market, declining from a little 
more than one-fourth in 1983 to about one- 
fifth in 1984. 

The marked increase in exports and mod- 
erate decline in imports did not change the 
U.S. position as a net importer of ferrosili- 
con. Net imports amounted to 114,000 tons 
and a trade deficit of about $52 million. 

The high value of the dollar, with respect 
to other currencies, continued to make the 
United States one of the most attractive 
markets for exporters throughout the 
world. The strong dollar also made it more 
difficult for U.S. producers to compete in 
the world market. 


Table 4.—U.S. exports of ferrosilicon and 
silicon metal 


Quantity Value 
Year (short (thou- 
tons) sands) 
FERROSILICON 
o 8 n o noun. Deu Tur 27,488 $18,572 
ORY EE 15,768 12,136 
I 2222-2-2- 14,932 11,996 
I eset oa cS aco 713,338 10,712 
e 29,364 21,135 
SILICON METAL 
e busca d mee 14,372 65,478 
„ tun tts 8,673 51,001 
NOB Ft e t rro 8 2411 34,335 
1983 2. Ls vex EE 2,767 47,826 
·ͤ ahh Lee 4,420 88,543 
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Table 5.—U.S. imports for consumption of ferrosilicon and silicon metal, 


See footnotes at end of table. 


by grade and country 
1983 1984 
Quantity Quantity 
Grade and country (short tons) N (short tons) Ke 
ou- ou- 
Gross Silicon sands) Gross Silicon sands) 
weight content weight content 
Ferrosilicon: 
Over 8% but not over 30% silicon: 
Canada c-r ee ee oe 29 $11 42 6 $3 
United Kingdom a nes T 5 1 10 
Totals emunt een ee AL 29 6 11 46 7 13 
Over 30% but not over 60% silicon, with over 
2% magnesium: 

111111!!ͤÜu Be tee cat as 3,911 1,817 3,091 5,564 2,530 2,845 
Canada. n La imde eee 2,395 1,141 840 351 178 151 
France iru cauce ee ls 587 276 401 964 446 662 
Germany, Federal Republic of 62 33 93 256 143 321 
TI w 19 9 12 273 122 201 
rf. ii 14 6 24 182 82 311 
Norway soi ss cA ore 4,512 2,087 3,412 3,244 1,488 2,688 
Spain eee eee re ie = — Dz 7 41 
Veneweases 2,075 1,003 436 a eh PE 

Total! Sete ace ELI IL 13,575 6,372 8,308 10,912 5,030 7,252 
Over 30% but not over 60% silicon, not 
elsewhere classified: 

PHYM D 5x Oe ane atu ad rede cs s 1,652 810 879 7,160 3,473 2,428 
h.. é 8,684 4,168 2,499 1,221 3,627 2,113 
Hire Ee 1,433 820 1,491 2,703 1,578 2,694 
Germany, Federal Republic off 286 150 357 868 480 948 
Wa oa eee ͤ y y ee — NN a 76 41 72 
Japan ETE 2 Li a E = 18 8 31 
Mexico 22.05 2250520220. 254624 1,048 539 249 a a zu 
Netherlands EN us EE 18 11 16 
NOÉWBV UL es ↄ — im M 1,090 437 408 
S ³ Ne ie nU S B 939 589 1,019 

[m odena ee el a LL. 16,647 7,749 2,804 11,514 5,424 3,151 
Venezuela 4,358 2,214 988 3 ius ane 

I!! ees 34,108 16,449 9,267 31,607 15,668 12,880 
Over 60% but not over 80% silicon, with over 
3% calcium: 
CöÜß· A A etc 2,852 1,921 1,951 4,436 2,802. 3,841 
France en · A A aE 929 566 1,033 1,118 691 1,209 
Germany, Federal Republic of 1,562 965 1,770 1,054 678 999 
Italy s as ce, pr 8 265 167 268 146 104 148 
Mexico- uuum Les c e ox PM ENE 44 26 10 
United Kingdom ------------—- 63 39 72 C: = 
!! ee E ed 5,671 3,658 5,094 6,798 4,301 6,207 
Over 60% but not over 80% silicon, not 
elsewhere classified: 
Argentne 222 2,179 1,663 984 1,743 1,319 759 
Belgium Luxembourg E ah Le 17 13 53 
!!öĩõĩ“ͤ ³ m ae pees eet te 22,021 16,510 9,599 17,793 13,311 9,209 
Canada one tes 19,733 14,905 11,154 8,652 6,564 5,096 
Chile c io noeh ise Be aal TR Ja aes 1,068 822 598 
France i 2 cepts cps rcs 3,741 2,874 1,957 575 440 492 
Germany, Federal Republic E 913 381 887 968 727 1,401 
Iceland ---—---------------—- 8,264 6,537 3,064 2,582 1,937 1,259 
Israel eter cL c d es TN t 4,327 3,245 1,919 
Ann. AA Su ee 18 14 13 ioe m ae 
Mexiſoooo 1,863 1,323 802 " » 
NOPWAV Loic cr ce E recie ELM. 21,021 20,384 11,447 23,110 17,746 11,619 
Poland. x ct ota ns Ss A EE oe 799 589 372 
Portugál ·»ꝛi»»«rðʒðñ LM NE 2c 4,021 3,056 2,099 
South Africa, Republic of |... zu T Sues 1,382 1,079 796 
Sweden -—-------------——-— 323 243 129 111 83 111 
Venezuela 18,918 13,555 4,058 25,377 19,074 10,046 
e RR 1,446 1,122 658 TS Y ut E es 
Total! x: cnl oiii J 106,041 19,512 44,152 93,125 70,005 45,829 
Over 80% but not over 90% silicon: 
Belgium- Luxembourg mu =e E 16 69 59 
Brazil o. ios A i ee eem pe 2G ON 220 187 158 
Sans 88 20 15 13 55 45 19 
Fiese eee s "S aet 38 32 23 
Norway... „ mes 2: E 441 383 203 
spp Meme LE 8 DS == 231 206 156 
Total? | =~ = = 222 Lll 20 15 13 1,063 923 619 
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Table 5.—U.S. imports for consumption of ferrosilicon and silicon metal, 
by grade and country —Continued 


1983 1984 
Quantity Quantity 
Grade and country (short tons) Value (short tons) Value 
————— (thou-  —————————— (thou- 
Gross Silicon sands) Gross Silicon sands) 
weight content weight content 
Ferrosilicon —Continued 
Over 90% but not over 96% silicon: 
Belgium- Luxembourg neu — ae "X 38 36 $33 
Gangddſgsg 8 2) 2 (2) 20 20 11 
I;;Ä;Ü ³ůmͥl A se Be Em e 41 38 32 
South Africa, Republic of |... a - NS 2 (2) 2 
. ³· AA cep E EE 2 2 (2) 100 94 76 
Total ferrosilicon! _______- -L 159,443 106,012 $67,445 143,651 96,027 72,874 
Silicon metal: 
Over 96% but not over 99% silicon: 
Argentina __________________ 494 314 Es "S 
r vaa Sy bei eo Lus 3,110 3,598 3,101 3,425 
France uo TT 48 49 114 106 
Portugal ----------------—-- "ES "m 22 15 
South Africa, Republic of __ ______ ^ 22 ae 244 247 
f AE e I E " TN NA docs 105 NA 71 
Sweden 553 512 an S 
Switzerland "S T 31 29 
United Kingdom |... .. 1 2 ae m 
Yugoslavia__________________ 2,728 2,132 3,130 3,219 
Total” tenens 1,535 NA 6,665 6,153 NA 1,113 
Over 99% but not over 99.7% silicon: 
Argentina - 1,023 1,014 908 1,203 1,181 1,322 
Belgium Luxembourg 2) 2 1 115 107 103 
Il ique urea t oA ei od ey 5,926 5,582 5,691 2,665 2,640 2,192 
Canada `- -2-2-2222 7,990 7,864 8,698 5,123 5,076 6,196 
China oe oĩ AAA ĩð ae, 682 676 558 441 434 411 
Denmark re a es (2) 2 1 
Fran ee 1.027 1.020 1.066 3,988 3,956 4,354 
Germany, Federal Republic of ^ = n (3) (2) 1 
Haly oee aaea ĩðͤ K E "M EA ze 337 335 347 
Norwyù/ 602 596 444 660 655 693 
, canc Rus Res m dane a 887 880 930 
South Africa, Republic off 1,462 1,450 1,445 1,745 1,729 1,840 
S ·⁰¹ - nea i a or Fe uum 252 250 259 
Yugoslavia__________________ 1,241 1,215 886 172 166 113 
Total oo nasse a 19,953 19,418 19,699 17,588 17,408 19,361 
Over 99.7% silicon: 
Australian 2) 61 DN m 
Austre 1 3 2E - 
Belgium- Luxembourg 33 1.214 A^ 
Canada ____________________ NA m 49 121 
China- € em ut ee 28 889 35 398 
Denmark SS napa 22 320 21 502 
Finland. he ses ee Stee. "X ue 2) 6 
FFC (Ä es A eer tim s 1 255 22 370 
German Democratic Republic |... 7 158 (?) 2 
Germany, Federal Republicof | . . 445 15,801 618 21,608 
Hong Kong ERR "n NA — 5 NA 289 
jCõͤ ³Ü—iꝗ5 ³Ü˙˙¹ẽ²-mmK ĩͤ REA ME Ze (3) 3 
Italy ox uu tee 8é 79 3,608 93 3,547 
Japan oe hte ek m ree aah 62 3,077 34 1,952 
Korea, Republicof ____________. (?) 22 (3) 6 
Malaysia ___________________ ne on (2) 9 
Poland eem Rs mem 2 (2) "n c 
Sweden . ... .. 2 8 4 31 
Switzerland _________________ (2) 6 2) 57 
Taiwans isl 5 157 od a 
United Kingdom ______________ 1 78 sa ET 
St) Eam - 685 NA 25,659 880 NA 28,907 
Total silicon metal!l!ůẽ̃ 28,173 XX 52,026 25,221 XX 55,381 


NA Not available. XX Not applicable. 


!Data may not add to totals shown because of independent rounding. 
2Less than 1/2 unit. 
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WORLD REVIEW 


World demand for silicon ferroalloys and 
silicon metal increased moderately com- 
pared with those levels of 1983, owing to 
increased production by world steel produc- 
ers and the aluminum and chemical indus- 
tries, the major consumers of ferrosilicon 
and silicon metal. Overcapacity and over- 
supply continue to be the principal prob- 
lems facing the world ferroalloy industry. A 
major gain in ferrosilicon capacity in Brazil 
was offset by reductions in the United 
States and Japan. Other countries that 
have recently installed new silicon ferroal- 
loy or silicon metal capacity, or plan to do 
so, are Egypt and Iceland. The world ferro- 
silicon industry is closely tied to the for- 
tunes of the steel industry, which is still a 
long way from full recovery following the 
recent, severe recession. Demand for silicon 
metal is dependent on the aluminum and 
chemical industries. 

The European Economic Community 
(EEC) initiated an investigation of silicon 
carbide dumping in response to a complaint 
by the European Council of Chemical Man- 
ufacturers’ Federations (Cefic) The coun- 
tries involved were China, Czechoslovakia, 
Norway, Poland, Spain, the U.S.S.R., and 
Yugoslavia. Cefic claimed that these export- 
ers have taken 41% of the EEC’s $100 
million market. 

By accepting the International Monetary 
Fund's (IMF) conditions of strict monetary 
policy, curtailed government spending, and 
fewer imports, many developing countries 
were able to restructure their large debts in 
1984. However, these countries have not yet 
begun to reduce their debts. The largest 
debtor countries, such as Brazil and Mexico, 
made substantial economic progress during 
the year, enjoying large trade surpluses. 
Debtor countries and their lending institu- 
tions began to work out realistic long-term 
schedules for repaying huge loans. Argenti- 
na, which initially had objected strenuously 
to the IMF's strict conditions in connection 
with its debt restructuring, eventually ac- 
cepted the IMF's austerity program. 

Brazil.—Alcan Alumínio do Brasil S.A., a 
subsidiary of Alcan Alumínio da America 
Latina Ltda., held talks with parties con- 
cerned with the sale of its ferroalloy plant 
in the State of Minas Gerais. Alcan put the 
plant up for sale to raise funds to cover the 
cost of expanding its aluminum facility. 
Also, Alcan's special power contract with 
the Brazilian Government was due to ex- 


pire, and the new power rates were ex- 
pected to increase. The plant consists of two 
ferrosilicon furnaces with a total transform- 
er capacity of 21,300 kilovolt amperes 
(kVeA) and six silicomanganese furnaces 
with a total transformer capacity of 16,300 
kVeA.? Brazil’s state-owned Cia. Vale do 
Rio Doce (CVRD) and Eletrometalur S.A. 
Indástria e Comércio, a major ferroalloy 
producer, have formed a new ferrosilicon 
company, Eletrovale, to transform the Pi- 
carro iron ore minesite into a ferroalloy 
plant, with a production capacity of about 
27,000 tons per year of 75% ferrosilicon 
with low calcium content. The minesite, 
which is expected to be exhausted in early 
1985, was chosen for the new facility to take 
advantage of existing infrastructure. Own- 
ership was divided on a 60% to 40% basis 
between the Brazilian companies and Ja- 
pan’s Kawasaki Steel Corp. and Mitsubishi 
Corp. The plant will either be equipped with 
two Brazilian 15,000-kV *A electric furnaces 
or one 35,000-kV*A furnace procured from 
Elkem A/S, Norway, or Mannesmann De- 
mag Hiittentechnik,the Federal Republic of 
Germany. About 40% of the annual produc- 
tion is expected to go to the Japanese steel 
producers. Italmagnesio S.A. Indústria e 
Comércio brought a new 24,000-kVeA fur- 
nace on-line in November at its Braganca 
plant in Minas Gerais for production of 
ferrosilicon or silicon metal. The furnace is 
reportedly capable of producing 13,000 tons 
of silicon metal per year. The company also 
planned to install three additional furnaces 
by the end of 1986, which would produce 
ferrosilicon or silicon metal. 

Italmagnesio reached a basic long-range 
agreement with C. Itoh & Co. Ltd. to act as 
its Japanese sales agent. In return, C. Itoh 
is to make available a large amount of funds 
to Italmagnesio. Cia. de Ferroligas Minas 
Gerais brought a second ferrosilicon fur- 
nace, with a capacity of 1,100 tons per 
month, on-stream at its plant in Pirapora 
early in the year. The company planned to 
bring another furnace on-line in October. 

Canada.—Elkem Metals Canada Inc., 
owned 90% by Elkem A/S and 10% by the 
Jebsen Group of Norway, purchased Union 
Carbide Canada Ltd.'s silicon and manga- 
nese operations in Quebec, effective July 25. 
This acquisition completes the takeover, 
begun in 1981, of Union Carbide's ferroalloy 
operations in North America and Norway. 
The transaction included plants at Beau- 
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harnois and Chicoutimi, Quebec. The Beau- 
harnois plant has been idle since May 1982.* 

France.—The dispute between  state- 
owned Pechiney and Compagnie Miniére de 
l'Ogooue S.A. (Comilog) concerning the own- 
ership of Bozel Electrometallurgie, a calci- 
um silicon producer and a subsidiary of 
Nobel Bozel, was resolved in October with 
Comilog's decision not to appeal the French 
Commercial Tribunal's award of the compa- 
ny to Pechiney. Nobel Bozel had previously 
promised to sell Bozel Electrometallurgie to 
Comilog.* Pechiney announced that it was 
studying the possibility of starting ferrosili- 
con production at its St. Beron plant when 
it ceased medium-carbon ferromanganese 
production at that facility in 1985. Pechiney 
also reduced its share of Hidro Nitro Es- 
panolas S.A., a ferrosilicon and silicon met- 
al producer, from 49% to 45%.¢ 

Air Liquide commissioned a high-purity 
silane gas plant at Chalon-sur-Saóne in 
eastern France. The company's first silane 
plant came on-stream in 1983 in Japan 
through its subsidiary Teisan KK.’ 

Rhóne-Poulenc S.A. entered into a joint 
venture with Siltec Corp., United States, to 
produce silicon wafers and ingots in France 
for the West European semiconductor mar- 
ket. Silicon wafers are used by the semicon- 
ductor industry to manufacture integrated 
circuits. The new $30 million venture is 
expected to start up in mid-1985 and super- 
sedes a previous agreement, which was 
terminated in April. 

Germany, Federal Republic of.—Dyna- 
mit Nobel AG, and Cabot Corp., United 
States, agreed to set up a joint venture 
company, Cabot-Nobel GmbH, for the pro- 
duction of highly dispersed fumed silica. 
The new facility, to be constructed at 
Rheinfelden, is expected to be in operation 
in early 1987 and will produce about 8,000 
tons per year of fumed silica using Cabot 
technology. The raw material will be sili- 
con tetrachloride produced at Rheinfelden. 
Fumed silica is used as a reinforcing, thick- 
ening, thixotropic, and flow control agent in 
various applications. 

Iceland.—Sumitomo Corp., a Japanese 
trader, signed an agreement with the Ice- 
landic Government and Elkem to buy 15% 
of Icelandic Alloys Ltd. The Japanese com- 
pany bought 15% of Elkem’s share. The 
Icelandic Government's and Elkem's share 
of Icelandic Alloys now amount to 55% and 
30%, respectively. Sumitomo will receive a 
long-term supply of ferrosilicon, amounting 
to about 22,000 tons per year, beginning in 
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the third quarter of 1984. The Grundartangi 
facility, completed in 1980, is equipped with 
two 35,000-kVeA electric furnaces with a 
combined capacity of about 61,000 tons per 
year.* 

The Icelandic Parliament approved plans 
for a new 27,000-ton-per-year silicon metal 
plant at Reydarfjordur. Icelandic Metal 
PLC, which had been given a Government 
mandate to proceed with the project, began 
a search for foreign and domestic partners 
to share the cost of the facility. 

India.—Power shortages continue to be 
the principal problem of the Indian bulk 
ferroalloy industry. Exports of ferrosilicon 
have been banned since July 1984 owing to 


acute power shortages in the States of 


Karnataka and Orissa where ferrosilicon 
capacity is concentrated. Ferrosilicon pro- 
ducers have been most concerned with the 
continuous underutilization of capacity, 
even though confronted with high costs of 
energy and raw materials. The plant load 
factor of power stations in India was re- 
ported to be only 47.5% in 1983.° 

A National Silicon Facility was set up in 
1984 by the Indian Government to assure 
availability of high-purity silicon for the 
manufacture of photovoltaic cells (solar 
cells) and electronic devices. The National . 
Silicon Facility was expected to construct a 
polysilicon metal plant with a capacity of 
about 200 tons per year at the Indian Petro- 
Chemicals complex near Baroda in Gujarat. 

Japan.—In June, the Japan Ferroalloy 
Association’s ferrosilicon producing mem- 
bers withdrew their dumping complaint 
against Brazil, France, and Norway. The 
complaint, which was filed with the Finance 
Ministry in March, charged Norway and 
France with dumping their ferrosilicon into 
Japan and Brazil with unfair competition 
through subsidizing their ferrosilicon ex- 
ports to Japan. Combined imports from the 
three countries were expected to amount to 
about 153,000 tons. Japan’s Ministry of 
International Trade and Industry (MITD 
had received assurances from the Govern- 
ments of the countries involved that there 
had been no dumping and that exports of 
ferrosilicon had been in accordance with the 
General Agreement on Tariffs and Trade 
(GATT) regulations. Also, equally impor- 
tant in the decision to drop the dumping 
suit was that the price of ferrosilicon im- 
ported into Japan had reached a level 
approximately equal to that of Japanese- 
produced material. MITI formed a new 
commission in March that, similar to the 
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ITC, will have powers to exclusively handle 
complaints of dumping and unfair competi- 
tion filed by Japanese industries against 
foreign imports. 

In January, the Japanese Government's 
Tariff Council recommended that the 5.3% 
GATT-based import duty and the 1296 non- 
GATT duty imposed on imports of silicon 
metal should be abolished effective April 1. 
The duty, introduced to protect Japanese 
producers from cheap imports, became re- 
dundant when the last Japanese producer 
of silicon metal ceased production in De- 
cember 1982. 

The Japanese ferroalloy industry has 
steadily declined since 1979. Ferrosilicon 
has been hardest hit followed by ferrochro- 
mium and ferromanganese. A basic factor 
in the decline is rapidly rising energy and 
power costs, which are making it prohibi- 
tive to produce energy-intensive metals. 
Coincidentally, ferroalloy imports have 
soared, further exacerbating the problems 
of Japanese producers. 

Tokuyama Chemical Co. Ltd. began pro- 
duction of polycrystalline silicon in 1984. 
Initial capacity at the Tokuyama plant will 
be 200 tons per year, but the company 
planned to increase production to approx- 
imately 1,000 tons per year by October 1985. 
Shin-Etsu Chemical Corp. completed its 
newest polycrystalline silicon plant near 
yearend and expected to begin operations in 
January 1985. Japan's demand for poly- 
crystalline silicon in 1984 was expected to 
be about 2,200 to 2,700 tons, with approxi- 
mately 1,000 tons imported, mainly from 
the United States and Western Europe. 

Kanegafuchi Chemical Industry, Osaka, 
was expected to become the first Japanese 
chemical company to mass produce solar 
cells. Production was expected to begin as 
early as 1985. The company has developed 
the technology to produce two types of 
photoelectric cells by chemical vapor depo- 
sition on either a glass or stainless steel 
substrate. Both types feature p-type amor- 
phous silicon carbide on i- and n-type amor- 
phous silicon layers." 

Norway.—Norwegian ferroalloys produc- 
ers reportedly operated at near capacity. 
Hydroelectric power is cheap in Norway but 
is limited in supply. Although the country 
has plenty of hydroelectric potential re- 
maining to be developed, expansion of the 
available power base has been restricted by 
environmental pressures. A Government 
report on energy development was to be 
considered by the Norwegian Parliament 
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late in the year. Several major ferroalloy 
producers would likely expand capacity if 
they were able to acquire additional power 
rights. Norway is the world’s largest export- 
er of ferrosilicon and silicon metal, and the 
world’s second largest exporter of ferroman- 
ganese and silicomanganese. 

Tinfos Jernverk A/S restarted silicon 
metal production at its Notodden plant in 
December. The company’s initial startup in 
midyear was unsuccessful owing to techni- 
cal difficulties. The transfer of silicoman- 
ganese capacity to the Oye Smelteverk in 
Kvinesdal resulted in spare capacity in 
Notodden, which could be used for silicon 
metal production.!? 

Spain.—The Spanish ferroalloy industry 
completed its restructuring plan for ferro- 
silicon and ferromanganese producers in 
the latter part of the year. Overall capacity 
was cut back 50% in return for concession- 
ary power rates by the Government. Pro- 
duction of the various alloys has been divid- 
ed among the producers. Under the ration- 
alization plan, the Government designates 
which companies are allowed to export and 
sets production levels. The ferroalloy indus- 
trys main purpose now is to supply that 
country’s steel industry, with only Hidro 
Nitro Espafiolas S.A. able to export a signif- 
icant amount of its production, about 50%. 
Because of Government restrictions on pro- 
duction, only about 17,000 tons of ferrosili- 
con was expected to be exported. Once 
Spain obtains full membership in the EEC, 
certain export incentives and Spain’s pro- 
tective high import tariffs will be phased 
out. 

United Kingdom.—The British Govern- 
ment announced in November that it had 
decided to dismantle its strategic stockpile. 
The British Department of Trade and In- 
dustry said that the stockpile materials will 
be disposed of over a period of years. The 
principal contents of the United Kingdom 
stockpile were reported to be manganese 
and chromium materials." 

BOC Special Gases began production 
early in the year at Europe’s first silane 
plant in Crawley, Sussex. The plant’s capac- 
ity reportedly is sufficient to be able to meet 
projected European demand for the next 5 
years. Previously, world production was 
limited to the United States and Japan." 

Epichem’s new silane gas plant in Brom- 
borough was expected to begin full produc- 
tion in the first half of 1984. The plant 
reportedly will be able to produce a full 
range of silanes of highest research stand- 
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ards. Silane is a key raw material used in 
the production of silicon semiconductors for 
the microelectronics industry. Monsanto 
Co., United States, announced in May that 
it planned to build a silicon wafer plant in 
the United Kingdom. The plant is expected 
to produce about $20 million per year of 
silicon wafers. 

Venezuela.—C.V.G. Ferrosilicio de Ven- 
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in one of its two 52,000-kVeA furnaces at 
the end of April. The explosion resulted in 
one fatality, with injuries to others. The 
plant's other furnace was shut down for 
scheduled repairs. Both furnaces were re- 
ported to be operating at 80% of capacity by 
the end of August. FESILVEN exports the 
majority of its production and expected to 
begin shipments to the United States and 


ezuela C.A. (FESILVEN) lost its entire fer- Europe in September.“ 
rosilicon production owing to an explosion 
TECHNOLOGY 


High-technology ceramics are the subject 
of intensive research in the United States, 
Japan, and to a somewhat lesser degree in 
Europe and Australia. Advanced ceramics 
such as silicon carbide, silicon nitride, and 
sialon (a material of silicon, aluminum, 
oxygen, and nitrogen) are being studied for 
their applications in the electronics indus- 
try and in metal substitution. These materi- 
als have excellent mechanical properties 
under heavy stress, exceptional resistance 
to high temperatures and corrosive environ- 
ments, and outstanding electrical and opti- 
cal properties. Because high-technology ce- 
ramics have high heat, wear, and corrosion 
resistance, they are used in cutting tools, 
burner nozzles, and heat exchangers. How- 
ever, most ceramics have had their use 
greatly restricted in structural applications 
because of their brittleness, which can re- 
sult in catastrophic failure. Advanced ce- 
ramics also are costly and difficult to make. 
If the cost and reliability of ceramic parts 
were improved fairly quickly, their markets 
would be expected to grow at a rapid rate. 

One of the prime incentives for research 
and development of high-technology ceram- 
ics is the potentially huge market for these 
materials in automobile and other engines. 
Introduction of important ceramic compo- 
nents in engines such as piston heads and 
turbochargers, and the increased use of 
heat- and wear-resistant ceramic parts such 
as bearings in other than automotive appli- 
cations would result in a large demand for 
those materials. Automobile engines could 
be substantially improved if critical parts 
could be made of advanced ceramic materi- 
als. A lightweight ceramic turbocharger 
rotor accelerates more rapidly than a heav- 
ier metallic rotor because it has less iner- 
tia. However, the.greatest automotive use of 
high-technology ceramics is expected to be 
in gas turbine engines and in adiabatic 
diesel engines. Conventional diesel engines 


are cooled because of the metals they use 
otherwise could not withstand the engine's 
high operating temperatures. | 

DOE currently supports two demonstra- 
tion projects to develop ceramic-containing 
gas turbine engines for automobiles. One 
project, conducted by the Allison Turbine 
Operations and the Pontiac Div. of General 
Motors Corp., uses silicon carbide in the 
high-temperature areas, such as the power 
turbine and gasifier. The other project, a 
joint effort by Garrett Corp. and the Ford 
Motor Co., uses either silicon carbide or 
silicon nitride in the turbine and other 
high-temperature areas.“ 

The National Aeronautics and Space Ad- 
ministration's Lewis Research Center is 
conducting in-house research and is involv- 
ed in management of outside research rela- 
tive to the development and application of 
structural ceramics for advanced heat en- 
gines. The in-house program is directed at a 
more basic understanding of the effect of 
processing variables on the properties of 
silicon carbide and silicon nitride. The Los 
Alamos National Laboratory has reported 
synthesizing ultrafine and ultrapure ceram- 
ic powders such as beta silicon carbide and 
silicon nitride using a radio frequency 
plasma system. According to Industrial Ma- 
terials Technology Inc., hot isostatic press- 
ing will be the technique used to manufac- 
ture ceramic parts such as silicon nitride, 
silicon carbide, and sialon for the automo- 
bile gas turbine. Research and development 
conducted by SKF Industries Inc. has found 
that properly manufactured silicon nitride 
bearings have fatigue lives comparable to 
those of the best steel bearings. The low 
density of silicon nitride rolling elements is 
beneficial owing to the reduction in centrif- 
ugal loading in high-speed  bearings.'* 
Martin-Marietta Corp. planned to double 
the size of its central research and devel- 
opment laboratory facilities to support ex- 
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panded research in the field of advanced 
ceramics, among others. In addition to cor- 
rosion and wear-resistant coatings, the facil- 
ity is investigating ways to handle uniform 
submicrometer ceramic particles whose 
ability to pack densely may lead to the 
production of  high-reliability ceramic 
structures.!? 

IIT Research Institute, in Illinois, plan- 
ned to conduct a study program of struc- 
tural ceramics. The program will investi- 
gate the technical and economic suitability 
of ceramic material and processing options 
for various types of high-performance ap- 
plications, including piston and turbine 
engines. 

W. R. Grace & Co. acquired Metaramics 
Inc., in California, in 1984. Metaramics 
manufactures ceramic packages for the 
semiconductor industry and ceramic- to- 
metal seals and headers for the electronic 
and aerospace industries.“ Pechiney, 
France, reached an agreement with La- 
farges Refractaires to buy that company's 
Ceramiques Techniques Demarquest Div. 
The division, which produces high-per- 
formance ceramics of silicon nitride, among 
others, is developing new applications for 
the automotive and aeronautics indus- 
tries.?? Metal-fiber composites are currently 
attracting attention by researchers because 
they exhibit high strength combined with 
low density. Aluminum reinforced with sili- 
con carbide fibers is exceptionally strong, 
stiff, and light. Silicon nitride fibers made 
from silanes are being evaluated as rein- 
forcing agents in materials used in gas 
turbine engines. Compared with fibers, sili- 
con carbide whiskers, which are thinner 
and shorter than fibers, produce composites 
with greater fracture toughness, stiffness, 
and tensile strength. These metal matrix 
composites are expected to have applica- 
tions in industries such as the aerospace 
industry where properties of light weight, 
high strength, and stiffness are prime con- 
siderations. 

Rockwell International's Science Center 
has developed a high-strength, lightweight 
aluminum-silicon carbide composite with 
superplastic properties. Fine grain alumi- 
num alloy 7475 is combined with gilicon 
carbide whiskers and particulates. The com- 
posite is expected to have applications as a 
replacement for materials used in aero- 
space, ship, and missile structures. Cost 
savings of up to 33% and weight savings of 
32% are projected.?: 

DOE supports research aimed at reducing 


MINERALS YEARBOOK, 1984 


the cost of photovoltaic power. The princi- 
pal problem facing photovoltaic cell manu- 
facturers is the high cost of single-crystal 
silicon, the material from which most solar 
cells are made. Solar-grade silicon is pro- 
duced by advanced Siemens (trichlorosil- 
ane) methods, a costly process. Research is 
in progress to develop alternate lower cost 
processes for production of polycrystalline 
silicon. | 

Photovoltaic cells are not yet economical 
enough to compete with conventional power 
sources in the bulk power market. Single- 
crystal cells continue to dominate the indus- 
try. Despite substantial improvements re- 
cently achieved with the advanced Siemens 
processes, the need for a material consider- 
ably cheaper than single-crystal silicon is 
still a most important issue. Significant 
improvement in conversion efficiency is al- 
so mandatory before photovoltaic cells can 
become a viable source of electricity. Cur- 
rently, research is being directed at the 
development of multijunction amorphous 
silicon cells, silicon concentrator cells, and 
other types of amorphous thin-film technol- 
ogy, which may meet the cost and efficiency 
thresholds needed for bulk power genera- 
tion.“ 

Application of plasma technology (the 
direct- current (dc) electric arc furnace) has 
progressed beyond the pilot plant stage. The 
plasma process is being investigated for 
application in the production of silicon fer- 
roalloys and silicon metal. There is at least 
one dc electric arc furnace in full produc- 
tion in the Republic of South Africa using 
this innovative technology to produce high- 
carbon ferrochromium from ore. Other 
countries are also assessing plasma technol- 
ogy. À plasma is generated by ohmic heat- 
ing of a neutral or chemically reactive gas 
by means of an electrical discharge (arc) 
struck between two electrodes. There are 
two different modes by which the arc may 
be formed and heat transferred to the 
charge: (1) transferred-arc mode, in which 
the material being processed is one of the 
electrodes, and (2) nontransferred arc mode, 
in which both electrodes are confined in a 
single device, from which the plasma is 
blown into a reactor by passing a flow of gas 
through the device. The most important 
feature of the plasma furnace is that it can 
process ore fines directly, without prior 
briqueting or pelletizing, a costly process 
normally required for conventional sub- 
merged arc electric furnaces. Other advan- 
tages claimed for the dc arc plasma fur- 
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nace include use of low-cost coal in place of 
more expensive coke, less noise pollution, 
and lower electrode consumption. 

The Idaho National Engineering Labora- 
tory is conducting research for the Bureau 
of Mines on metal-gas reactions in thermal 
plasmas. The objective of this ongoing re- 
search program is to obtain a better under- 
standing of physical and chemical phenome- 
na in the thermal plasmas.?5 


! Physical scientist, Division of Ferrous Metals. 

?The Tex Report. V. 16, No. 3825, Oct. 30, 1984, p. 18. 

sMining Journal. V. 303, No. 7780, Sept. 28, 1984, p. 223. 

*Iron Age. V. 227, No. 20, Oct. 15, 1984, p. 21. 

5Metal Bulletin (London). No. 6933, Oct. 30, 1984, p. 21. 

6 — ——. No. 6946, Dec. 14, 1984, p. 15. 

7European Chemical News. V. 42, No. 1129, Apr. 30, 
1984, p. 10. 

®Metal Bulletin (London). No. 6924, Sept. 28, 1984, p. 17. 

Metal Bulletin Monthly. No. 167, Nov. 1984, pp. 21-23. 

10Metal Bulletin (London). No. 6943, Dec. 4, 1984, p. 14. 
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13 — ——. No. 6938, Nov. 16, 1984, p. 17. 
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Silver 


By Robert G. Reese, Jr. 


Domestic mine production of silver re- 
mained about the same in 1984 as in 1983 
despite a general falling silver price. Explo- 
ration for new precigus metals deposits 
continued both domestically and in foreign 
countries because the silver price, even 
though declining, remained relatively high 
when compared with historical silver prices 
and with other base metal prices in 1984. 
World mine production of silver increased, 
reflecting the continued need by some coun- 
tries to earn foreign exchange for debt 
servicing, and because currency deval- 
uation in terms of the U.S. dollar moderat- 


ed the impact of the falling silver price. 

Despite a robust U.S. economic growth 
rate, silver consumption for industrial uses 
declined, especially for jewelry and sterling- 
ware, with some analysts attributing the 
lower consumption in these end uses to the 
changing styles and tastes of the U.S. con- 
sumer. 

Domestic Data  Coverage.—Domestic 
mine production data for silver are devel- 
oped by the Bureau of Mines from four 
separate voluntary surveys of U.S. oper- 
ations. Typical of these surveys was the 
lode-mine production survey of gold, silver, 


Table 1.—Salient silver statistics 


1980 1981 1982 1983 1984 
United States: 
Mine production thousand troy ounces. _ 32,329 40,683 40,248 43,415 44,440 
Jö 0 8 thousands - $667,278 $427,922 $319,975 $496,671 $361,773 
Percentage derived from: 
Precious metals ore s! 51 54 68 76 80 
Base-metal ores _______________----_-~_ 49 46 32 24 20 
JV ³˙ a oe ee (1) (1) * (4) ( 
Refinery production: 
Domestic and foreign ores and concentrates 
thousand troy ounces. . 39,353 47,007 44,170 50,450 49,019 
k ie (old crap hp // do... 53,131 39,067 27,171 25,549 24,070 
ports: 
Fin. ⁵ĩðäĩ% do.... 57,206 15,131 12,876 13,658 10,340 
OURS Roa a ee ee ee do- 23, 645 12,772 12,594 18,294 14,108 
Imports for consumption: 
fined — o esu M Ale A ora do- 64,859 15,921 96,917 161,199 93,546 
ö oe nosse do. ___ 13,936 18,194 20,541 18,692 21,420 
Stocks, Dec. 31 
IndUslry 2 8 do... 17,255 20,875 20,467 711,536 21,173 
Futures exchanges do... 120,798 96,511 106,182 151,232 137,631 
Consumption: l 
Industry and the arts do 124,694 116670 118,840 7116464 114,841 
Cõinage — ite Bae ne etat c do... 179 1,846 2,128 2,665 
Price, average per troy ouncſen _ $20.63 $10.52 $1.95 $11.44 $8.14 
= Tp oyoent / ⁰çZy0½¾! ĩ 2,400 3.600 2, 900 2, 400 2,600 
orld: 
Mine production thousand troy ounces... 342,804 "359,571 381,533 392,268 398, 554 
Consumption: | 
Industry and the artes do... 354,500 336,800 348.700 348, 000 371, 000 
e ß do— 13,700 9, 000 12, 800 18, 600 8, 300 
*Estimated. Preliminary. Revised. 
1Less than 1/2 unit. 
Handy & Harman. 


Mine Safety and Health Administration. 


Market economy countries only. Source: Handy & Harman. 
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copper, lead, and zinc. Of the 180 lode silver 
operations to which a survey form was sent, 
64% responded, representing 93% of the 
total U.S. mine production figures shown in 
tables 1, 2, 3, 5, 6, and 7. Production for the 
remaining 65 firms was estimated using 
prior reported production levels adjusted 
for economic trends and other sources, such 
as company annual reports, news or journal 
articles, or State agency reports. 

Legislation and Government  Pro- 
grams.—Public Law 98-525, Department of 
Defense Authorization Act, 1985, signed by 
the President on October 19, 1984, terminat- 
ed all previous authority to dispose of mate- 
rial in the National Defense Stockpile effec- 
tive September 30, 1984. Section 902 of the 
law authorized the disposal of 10 million 
troy ounces of silver from the stockpile 
effective October 1, 1984. Actual disposal of 
silver under the authority of this law was 
deferred until the President submitted to 
Congress the report required by Public Law 
97-114, The Defense Appropriation Act of 
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1982. Contained in Public Law 97-114 was a 
requirement for the President to redeter- 
mine whether the silver in the stockpile is 
excess to U.S. defense needs, and to submit 
to Congress a report containing an analysis 
of defense requirements, an analysis of 
disposal methods for any excess silver, and 
a recommended method of disposal. The 
report had not been submitted to Congress 
by yearend 1984. 

The U.S. Department of the Treasury 
continued sales of gold and silver coins 
commemorating the 1984 Summer Olym- 
pics held in Los Angeles, CA. Preliminary 
data indicated that 2.6 million ounces of 
silver was used to manufacture 3.4 million 
Olympic silver coin during 1984. Treasury 
reported that sales of the gold and silver 
coins had generated nearly $68 million in 
profits by yearend, which were divided be- 
tween the U.S. Olympic Committee and the 
Los Angeles Olympic Organizing Commit- 
tee. 


DOMESTIC PRODUCTION 


Silver production was reported at 143 
mines, including 12 placer operations. Sil- 
ver was produced from precious metals ores 
at 88 mines, while 43 mines produced silver 
as a byproduct of the processing of copper, 
lead, and zinc ores. The 25 largest mines 
accounted for 90% of total domestic mine 
output. In 1984, 13 mines each produced 
more than 1 million ounces of silver, which 
when aggregated, equaled 74% of the total 
domestic production. 

In general, 1984 was a year of mixed 
activity in the precious metals mining in- 
dustry. Relatively high gold and silver 
prices, compared with other base metal 
prices and with gold and silver prices before 
1980, continued to encourage companies to 
explore for precious metals deposits, pri- 
marily in the Western States of California, 
Idaho, and Nevada. Development work at 
several silver projects was completed, and 
these new mines began production during 
the year. However, a number of mines 
producing byproduct silver closed in the 
second half of the year as a result of de- 
clining precious metals prices and contin- 
ued low copper and lead prices. 

Alaska.—Noranda Mining Inc. submitted 
a revised environmental impact statement 
to the U.S. Forest Service after requesting 
that over 17,000 acres near its main silver- 
lead-zinc ore deposit at Greens Creek be 


excluded from the Admiralty Island Nation- 
al Monument. The 1980 Alaska National 
Interest Lands Conservation Act required 
that all exploration work within the monu- 
ment be completed and any resulting mine 
claims be patented by yearend 1985. Remov- 
al of the 17,000 acres from the monument 
would eliminate the time deadline for explo- 
ration of the area and enable Noranda to 
explore the land in conjunction with its 
underground mining operations. 

Cominco Ltd. awarded a contract near 
midyear to Dames and Moore Inc. for the 
geotechnical investigation and design of the 
tailings and water dams for the proposed 
Red Dog lead-zinc-silver mine. Cominco also 
awarded contracts for drilling at the project 
to Interstate Exploration Inc. and Nana- 
Coates Drilling Co. Cominco and its partner, 
NANA Development Corp., applied for a 
right-of-way across the Cape Krusenstern 
National Monument to connect the Red Dog 
deposit with a proposed port on the Chukchi 
Sea. Approval of the proposed right-of-way 
had not been obtained by yearend. 

An informal survey of Alaskan silver 
producers by the Alaska State Division of 
Geological and Geophysical Surveys indicat- 
ed that over 20,000 ounces of silver was 
produced in Alaska during the year, com- 
pared with less than 3,000 ounces reported 
to the Bureau of Mines on a voluntary basis 
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by producers. 

Arizona.—The Bagdad Mine, a copper- 
molybdenum-silver-gold property owned by 
Amoco Minerals Co., was closed early in the 
year and reopened in November after oper- 
ations at the mine were restructured. Op- 
erating costs were reduced through develop- 
ment of a new mining plan to reduce over- 
burden removal, by negotiating new smelt- 
ing contracts, and by obtaining a power rate 
concession from the Arizona Public Service 
Co. About 350 workers were recalled in late 
October, and the mine was operating at 
capacity by yearend. 

ASARCO Incorporated closed its Sacaton 
copper-silver-gold and Silver Bell copper- 
silver mines during 1984. The Sacaton Mine 
was closed near midyear reportedly because 
reserves minable by open pit methods were 
exhausted. The Silver Bell Mine was closed 
in mid-August because of low copper prices, 
according to company officials. 

Current employees at Phelps Dodge 
Corp.’s Arizona operations, many of which 
produce byproduct silver, voted during the 
fourth quarter to decertify the United Steel- 
workers of America union as their bargain- 
ing agent. Members of the union had been 
on strike at the facilities for over a year and 
were declared ineligible to vote on the 
decertification issue. 

Anamax Mining Co. officials began hiring 
replacements in September for workers who 
had been on strike at the company’s Twin 
Buttes Mine for over a year. The company 
reportedly gave the striking workers the 
opportunity to be rehired at the copper- 
silver-molybdenum operation under the 
company’s new economics package, which 
included wage and benefit reductions. 

Colorado.—Hecla Mining Co. halted min- 
ing and milling operations at the Sherman 
lead-silver mine on September 14 because of 
low silver and lead prices. Near the end of 
December, Hecla reached an agreement 
with Leadville Corp. allowing Leadville to 
purchase Hecla’s 50-year operating lease of 
the mine for $1.5 million. The mine remain- 
ed closed through yearend. Silver produc- 
tion at the mine was reported at 530,000 
ounces for the year. 

Standard Metals Corp., owners of the 
Sunnyside Mine, filed for reorganization 
under chapter 11 of the Federal Bankruptcy 
Code on March 5. The filing was reportedly 
caused by losses in the company’s pipelay- 
ing and lead smelting subsidiaries. Produc- 
tion of gold and silver at the mine continued 
throughout the year. 
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Idaho.—Silver production began at a 
number of mines in the State during the 
year. The Blackstone Mine, an open pit 
operation owned by Circa Inc., began pro- 
duction near the end of February. Initial 
production averaged nearly 200 ounces of 
silver per day. The Canyon Silver Mine, 
closed since 1973, returned to production in 
May. The property was leased from Canyon 
Silver Mines Inc. in late 1982. Production 
through yearend 1984 averaged 500 short 
tons of silver-lead-zinc ore per month. Gold- 
sil Resources Ltd. began heap leaching at its 
Diamond Hill Mine in late August. The 


Estes Mountain Mine, owned by U.S. Anti- 


mony Corp., began production during Octo- 
ber at a rate of 50 tons of ore per day. The 
Star-Morning Mining Co. obtained a lease 
in June to reopen and mine a section of the 
Star Mine. The mill at the mine was reha- 
bilitated and underground work begun by 
yearend. 

Workers at the Galena Mine, operated by 
Asarco, voted in January to extend their 
existing labor contract with the company 
for an additional 3 years. The new contract 
did not provide for a wage increase; howev- 
er, cost-of-living adjustments were retained. 
Asarco reported that 4.2 million ounces of 
silver was produced at the Galena Mine. 
Workers at the Lucky Friday Mine agreed 
to a new labor contract in April. The agree- 
ment between employees and Hecla estab- 
lished a two-tiered wage system at the mine, 
with workers hired after March 31, 1984, 
receiving the lower wages. Silver produc- 
tion at the Lucky Friday Mine was 4.8 
million ounces.? 

Mining operations at the Clayton Mine, 
owned by Clayton Silver Mines Inc., resum- 
ed in early 1984 after the company installed 
a larger capacity pumping system. The 
silver-lead-zinc mine was closed in late 
October 1983 by an earthquake, which stim- 
ulated an increased waterflow into the 
mine, flooding the lower levels. 

A suit by Continental Materials Co. 
against Superior Oil Co. and Earth Re- 
sources Co. over the profit distribution from 
the DeLamar gold-silver mine was partially 
settled by an out-of-court agreement in 
March. Continental and its subsidiary, Con- 
tinental Quicksilver Inc., owned a 7.5% net 
profit interest in the mine. Superior agreed 
to pay Continental for the amounts claimed 
through September 1983, and to make quar- 
terly payments of the percentage of profits 
Superior owed the company. Continental 
reached an out-of-court settlement with 
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Earth Resources in mid-September. Conti- 
nental agreed to sell a 3.9% net profit 
interest in the mine to Earth Resources for 
$2.1 million. NERCO Inc. bought Earth 
Resources' controlling operating interest in 
the mine in October. 


Hecla sold its interest in the Sunshine 


Mine to the Sunshine Mining Co. as part of 
the agreement between Hecla and Sun- 
shine, which allowed Hecla to acquire 
Ranchers Exploration & Development Corp. 
Acquisition of Hecla's 25% share increased 
Sunshine's interest in the mine to 75%. In 
1984, Sunshine celebrated the centennial 
anniversary of mining at the Sunshine 
Mine. Silver production was reported at 4.8 
million ounces.* 

Asarco reported that 2.5 million ounces of 
silver was produced at the Coeur Mine.“ 
Bunker Limited Partnership announced 
that the silver concentrates produced at the 
Crescent Mine were being shipped overseas 
for processing and that production at the 
mine had increased owing to improved effi- 
ciency. Shaft development at Callahan Min- 
ing Corp.'s Caladay project continued. 

Montana.—Asarco submitted a plan of 
operation to the U.S. Forest Service and the 
Montana Department of State Lands near 
midyear, as the first step in obtaining the 
necessary permits to develop the Rock 
Creek project. The Rock Creek deposit, 
which contains silver-copper ore, is primari- 
ly in the Cabinet Mountains Wilderness 
Area and was compared by the company 
geologically with the deposit at the Troy 
Mine. The plan of operations proposed that 
all mining be done using underground 
methods similar to those used at the Troy 
Mine and that all major surface facilities be 
outside the wilderness area. Asarco estimat- 
ed that the permitting process could take 
at least 2 more years, and when fully 
operational, the mine would employ 375 
workers. 

Asarco reported that 3.0 million ounces of 
silver was produced at the Troy Mine in 
1984. Heap leaching at the Zortman Mine 
produced 61,200 ounces of silver and 31,500 
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ounces of gold during the year.’ 
Nevada.—Silver production began at a 
number of new mines during the year. 
Rayrock Mines Inc. opened the Dee Mine, a 
gold operation with some byproduct silver, 
on October 18. The mine is an open pit 
operation at which both heap leaching and 
carbon-in-pulp processes are used for ore 
treatment. Duval Corp. began shipments of 
gold-silver bullion from its Fortitude Mine 
in December. Standard Slag Co. began pro- 
duction at the Lewis Mine in Humboldt 
County in August. Standard’s gold-silver 


heap leach operation was unique because 


for the first time partial financing for devel- 
opment of a mine was obtained through the 
use of State-authorized Industrial Develop- 
ment Bonds. 

Homestake Mining Co. acquired a 25% 
interest in the Round Mountain Mine 
through its merger with Felmont Oil Co. 
The mine's capacity was increased from 11 
million tons of overburden and gold-silver 
ore to 17 million tons through the addition 
of larger size loading and haulage equip- 
ment during the year. NERCO purchased 
the 50% nonoperating interest of Agnew 
Enterprises Inc. in the Taylor Mine during 
the year. The Taylor Mine was closed on 
December 31 because of low silver prices, 
according to the company. Silver production 
at Sunshine's Sixteen-to-One Mine was re- 
ported to be 837,000 ounces.: 

Other States.—Workers struck the by- 
product silver mines in the Missouri Lead 
Belt near midyear. During the strike period, 
supervisors and nonstriking workers main- 
tained some production from the mines. 
Agreements to end the strikes were negoti- 
ated in December. Hecla obtained control of 
the Escalante Mine in Utah through its 
acquisition of Ranchers Exploration & De- 
velopment. The Escalante Mine produced 
2.2 million ounces of silver.? The Deer Trail 
Mine in Washington was closed in early 
September because of low silver prices. 
Hecla reported that the Knob Hill Mine in 
Washington produced 80,967 ounces of sil- 
ver during the year. 


CONSUMPTION AND USES 


U.S. industrial consumption of silver de- 
clined in 1984 to its lowest level since 1963, 
when consumption was estimated at 110 
million ounces by the U.S. Bureau of the 
Mint. The decline in consumption was led 
by lower silver usage in jewelry and ster- 
lingware, which some analysts attributed to 


the changing tastes of U.S. consumers. Con- 
tinued low U.S. inflation rates and the 
possibility of higher monetary returns from 
other investments may also have been fac- 
tors in the decline of jewelry and sterling- 
ware consumption. Silver consumption for 
contacts and conductors also declined. The 
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lower consumption in this end use was 
probably due in part to the declining de- 
mand for some prestige electronic products, 
such as personal computers. 
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U.S. silver consumption for photographic 
materials recovered significantly reflecting 
the recovery in the U.S. economy. 


STOCKS 


Refiner, fabricator, and dealer stocks de- 
clined during the first half of 1984 to 16.3 
million ounces from 17.7 million ounces at 
yearend 1983. During the second half, in- 
dustrial stocks increased to 21.1 million 
ounces. The fluctuations in industrial stock 
levels were due in part to movement in the 
silver price and continued high U.S. inter- 
est rates, which affected the cost of holding 
silver stocks. 

Silver depository stocks held by Commod- 
ity Exchange Inc. (COMEX) decreased to 
118.6 million ounces by the end of May from 
127.4 million ounces at yearend 1983, then 


increased to 120.9 million ounces at the end 
of June before declining to 114.5 million 
ounces at the end of October. COMEX 
stocks increased during the remainder of 
the year, but remained lower than at year- 
end 1983. The depository stocks held by the 
Chicago Board of Trade (CBT) continued to 
increase in early 1984, reaching 25.5 million 
ounces by the end of January. CBT stocks 
remained near this level through May, then 
from June through December gradually 
declined, finishing the year much lower 
than at yearend 1983. 


PRICES 


Other than for a slight rally during Feb- 
ruary and early March, the silver price 
continued the downward trend begun in 
mid-1983. Analysts attributed the weakness 
in the silver price during January to factors 
such as the strength of the U.S. dollar in 
terms of foreign currency exchange rates, a 
continued low U.S. inflation rate, and rela- 
tively high U.S. interest rates. Increased 
Mideast tension from an escalation of the 
Iran-Iraq war, forecasts of a rising U.S. 
inflation rate and larger Government budg- 
et deficits, and a slight weakening of the 
dollar were believed to have been the fac- 
tors causing the silver price to rise during 
February. From March through December, 
the silver price drifted lower as the U.S. 
dollar continued to increase in value in 
relation to other currencies, and U.S. inter- 
est rates remained relatively high. The 
strong dollar created negative pressure on 
silver and other commodity prices by mak- 
ing U.S. goods and services more expensive 
to foreign buyers, thereby reducing the 
demand for U.S. products. The relatively 
high U.S. interest rates made interest- 
bearing investments more attractive by pro- 
viding the investor with a definite mone- 
tary return at a time of low daily price 
volatility for silver. U.S. interest rates also 
discouraged investment in silver by making 
the cost of borrowing money for purchases 
relatively high. The rate of decline in the 
silver price increased during November and 


December according to analysts because of 
reduced inflation expectations owing to rap- 
idly falling world oil prices. 

The silver price followed the same pat- 
tern on the London Metal Exchange as in 
the United States. The price began the year 
at $8.96 per ounce and declined during the 
first half of January before rising to its 
peak for the year of $10.11 on March 5. 
During the remainder of 1984, the price 
gradually declined, reaching the low for the 
year of $6.22 on December 20: The yearend 
price was $6.29, while the average for the 
year was $8.14 per ounce. 

Futures contracts representing 33.7 bil- 
lion ounces of silver were traded on COM- 
EX, an increase of 1.6 billion ounces over 
the volume traded in 1983. After receiving 
permission from the Commodity Futures 
Trading Commission, COMEX began trad- 
ing options on its silver futures contract 
during October. Each option entitled the 
holder to either buy or sell one COMEX 
futures contract representing 5,000 ounces 
of silver at a given price for a certain period 
of time. The silver trading volume at the 
CBT declined by nearly 900 million ounces 
to 1.9 billion ounces in 1984, in part because 
the CBT discontinued trading its 5,000- 
ounce silver contract. Silver futures trading 
on the Mid-America Commodity Exchange 
represented 32 million ounces in 1984, a 
significant decrease from the 127 million 
ounces traded in 1983. 
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FOREIGN TRADE 


The strong U.S. dollar was probably the 
primary factor in the decline of U.S. silver 
exports in 1984. In 1983, the United King- 
dom was the largest recipient country of 
U.S. silver exports; however, in 1984, the 
British pound was among the market econo- 
my countries' currencies that declined most 
relative to the U.S. dollar, and exports of 
silver to the United Kingdom fell by nearly 
80% from that of 1983. Silver exports to 
countries such as Canada and Japan, whose 
currencies depreciated by smaller amounts 
than most countries, in terms of the U.S. 
dollar, remained near the same levels as in 
1983. 

U.S. imports of silver for consumption 
declined, in part because of the weakness in 
industrial consumption of silver, and be- 
cause of lower demand for the metal as an 
investment by individuals. The most signifi- 


cant decrease was in imports of refined 
bullion from the United Kingdom, which 
fell by more than 62 million ounces. Imports 
of refined bullion from Canada, Mexico, and 
Peru, the major source countries, increased 
by 1.3 million ounces, 8.8 million ounces, 
and 100,000 ounces, respectively. 

Imports for consumption of doré and pre- 
cipitates more than doubled. The most sig- 
nificant increases in shipments of doré and 
precipitates were recorded by Chile, 885,000 
ounces; Canada, 723,000 ounces; the Domin- 
ican Republic, 667,000 ounces; Guatemala, 
656,000 ounces; Mexico, 487,000 ounces; and 
Peru, 343,000 ounces. 

The United States was a net importer of 
silver. Net import reliance calculated as a 
percentage of apparent consumption was 
approximately 59%. 
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World mine production of silver increased 
slightly, in part because of the continued 
need by many developing countries to earn 
foreign exchange for debt repayment, and 
because foreign currency devaluations in 
terms of the U.S. dollar moderated the 
impact of the falling silver price on corpo- 
rate earnings. Exploration for precious met- 
als deposits continued to be very active, 
especially in Australia and Canada. Proj- 
ects to reduce unit costs of production were 
either completed or initiated by many pro- 
ducers during the year. However, as in the 
United States, a number of byproduct silver 
mines temporarily closed for part of the 
year to reduce inventories or because of low 
prices for other coproduct metals such as 
copper and lead. 

Reported estimates of the total consump- 
tion of silver by market economy countries 
totaled 379.3 million ounces, an increase of 
11.2 million ounces over the revised figures 
for 1983.1 Of the 379.3 million ounces con- 
sumed, 371 million ounces was used in 
industrial applications, an increase of 21.5 
million ounces over the 1983 level. The 
remaining 8.3 million ounces was used for 
coinage. Privately held bullion stocks in- 
creased by 52.1 million ounces during the 
year. 

The total silver required for industry, 
coinage, and bullion stocks by all market 
economy countries, including the United 


States, exceeded their primary production 
by 116.2 million ounces. The shortfall was 
met with silver obtained from the following 
sources: old scrap, 75.1 million ounces; out- 
flow from stocks held in India, 32.1 million 
ounces; demonetized coin, 4 million ounces; 
and withdrawals from Government stocks, 
5 million ounces. 

Australia.—Aberfoyle Ltd. reported that 
nearly 219,000 tons of ore was produced at 
the Que River Mine in Tasmania.'? The 
output was only slightly lower than the 
240,000 tons produced in 1983 despite an 11- 
week strike in 1984 over the miners' con- 
tract wages. Ore grades at the zinc-lead- 
silver-gold mine were 14.9% zinc, 8.6% lead, 
8.2 ounces of silver per ton, and 0.1 ounce of 
gold per ton. 

MIM Holdings Ltd. reported that it was 
able to maintain production for its various 
commodities despite a 16% reduction in its 
work force. The company instituted restric- 
tions on new hiring and the replacement of 
employees who resigned, and offered an 
early retirement package to those workers 
over 55 years old as a means of reducing 
production costs. At the Mount Isa Mine in 
Queensland, a record high 4.5 million tons 
of ore was treated during the fiscal year 
ended June 30, 1984. Refined silver produc- 
tion at Mount Isa was nearly 12.1 million 
ounces during fiscal year 1984, an increase 
of nearly 1.2 million ounces over that of 
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fiscal year 1983. At the Teutonic Bore Mine, 
in which MIM has a 40% interest, 426,000 
ounces of silver in concentrate was produc- 
ed during fiscal year 1984. 

Production at the North Mine in New 
South Wales was 418,000 tons of ore grading 
6.2 ounces of silver per ton for the fiscal 
year July 1, 1983, to June 30, 1984, ac- 
cording to North Broken Hill Holdings 
Ltd.’s annual report. The production for 
fiscal year 1984 was 79,000 tons less than 
that of fiscal year 1983 and was attributed 
to a strike at the mine during April and 
May during which 34 days of production 
were lost. The strike was settled on May 18, 
1984, by a new labor agreement that al- 
lowed the company to reduce the number of 
workers assigned to a drilling machine, to 
stope on weekends, and to make more 
efficient use of maintenance and mill per- 
sonnel in exchange for increased pension 
benefits, a 2-hour reduction in surface work- 
ing hours to 38 per week, and increased 
earnings for workers. In January 1984, 
tailings dump retreatment operations be- 
gan at the mine. For fiscal year 1984, the 
mill at the North Mine processed 416,000 
tons of ore and produced 2.1 million ounces 
of silver in lead and low-grade concentrate. 

In June, North Broken Hill announced an 
offer to acquire the remaining stock of EZ 
Industries Ltd. that it did not already own. 
By the close of the takeover offer on Sep- 
tember 7, North Broken Hill held 95.57% 
of EZ’s issued capital. EZ reported that 
784,000 tons of ore grading 6.9 ounces of 
silver per ton was produced at the Elura 
Mine in New South Wales during its first 
full year of operation (July 1, 1983, to June 
30, 1984). The mill at the Elura Mine pro- 
duced over 49,000 tons of silver-lead concen- 
trates with an average silver content of 
nearly 46 ounces per ton in fiscal year 1984. 

Phelps Dodge reached an agreement in 
September to sell its one-third interest in 
the Woodlawn Mine to CRA Ltd. of Austra- 
lia, a coowner of the mine. Placer Develop- 
ment Ltd. reduced its interest in Kidston 
Gold Mines Ltd. to 70% from 80%. Kidston 
developed the Kidston Mine in Queensland. 
Placer must reduce its interest in Kidston 
by an additional 15% by March 1986 to 
comply with Australia's foreign investment 
guidelines. 

At the Mount Lyell Mine in Tasmania, 
nearly 2 million tons of ore was milled and 
more than 1.7 million ounces of silver in 
concentrate was produced during 1984. 

Canada.—Asarco closed the Buchans 
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Mine in October following the exhaustion of 
the mine's ore reserves. The lead-zinc-silver 
mine in Newfoundland had been closed in 
December 1981 but was reopened in mid- 
1983. Approximately 180 employees were 
affected by the closure. Asarco reported 
that 244,000 ounces of silver in concentrate 
was produced from the milling of 102,000 
tons of ore during the year.!* 

Cominco reported that a record high 
amount of ore was mined at the Sullivan 
Mine in British Columbia. Of the 2.7 million 
tons of ore milled during the year, 60% of 
the material was mined using mobile rub- 
ber-tired mining equipment, reflecting the 
results of the recent mechanization project 
at the mine. Other factors in achieving the 
record high production were the use of 
large-diameter blasthole drilling and blast- 
ing techniques, and improvements to the 
crushing and conveying systems. The aver- 
age grade of the ore milled was 1.7 ounces of 
silver per ton. 

On September 20, 1984, Cominco an- 
nounced that it would reduce its holdings in 
Pine Point Mines Ltd. by selling 800,000 
shares of Pine Point's stock. The sale was 
completed in January 1985, and Cominco's 
interest in the company was reduced from 
69% to 51%. Cominco reported that produc- 
tivity was increased significantly at the 
Pine Point Mine in the Northwest Territo- 
ries through the use of larger shovels and 
trucks. Operations at the concentrator were 
suspended for 11 days at the end of Decem- 
ber to reduce inventories. 

Operations at Cominco’s Polaris Mine in 
the Northwest Territories were suspended 
for 1 month in mid-December because of low 
metal prices. 

At the Trail, British Columbia, smelter- 
refinery complex, Cominco reported that 
10,609,200 ounces of refined silver was re- 
covered from company-produced and pur- 
chased concentrate. is In 1983, 10,235,000 
ounces of refined silver was produced at 
Trail. 

The Silvana Mine, owned by Dickenson 
Mines Ltd., returned to production on Sep- 
tember 6, 1984. The mine had been closed in 
mid-December 1983 because of low silver 
prices and an unsuccessful exploration pro- 
gram. Exploration was successful in locat- 
ing and outlining a new ore zone in early 
1984. During the 4 months of operation, 
8,137 tons of ore was milled and 170,000 
ounces of silver was produced at the mine.“ 

Newmont Mining Corp. reported that 
206,898 ounces of silver was produced from 
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the treatment of 7,183,000 tons of ore at the 
Similkameen Mine in British Columbia.“ A 
new labor agreement effective through 1987 
with slightly lower wage rates was negotiat- 
ed for the mine during the year. Silver 
production at the Fox and Ruttan Mines, in 
which Newmont has a 34.7% interest, was 
reported as 143,684 ounces and 214,942 
ounces, respectively. 

Noranda reported that 12,207,000 ounces 
of silver was produced at its operations.!* 
The largest producing mines were the No. 
12 Mine of Brunswick Mining and Smelting 
Corp. Ltd. (6.6 million ounces) in which 
Noranda has a 64% interest; the Lyon (1.9 
million ounces) and Geco Mines (1.4 million 
ounces), 100% owned by Noranda; and the 
Mattabi Mine (1.2 million ounces), 60% 
owned by Noranda. At Noranda's CCR re- 
finery, 24.2 million ounces of refined silver 
was produced, an increase of 1.8 million 
ounces compared with 1983 output. 

Northgate Exploration Ltd. reached an 
agreement with workers at its Copper Rand 
and Portage Mines in Quebec. The agree- 
ment did not provide for an increase in 
basic wages, but included a partial cost-of- 
living adjustment. The tonnage of ore 
mined at the Copper Rand Mine declined 
because of the company's emphasis on 
grade control as a means of enhancing gold 
production. Construction of a new cyani- 
dation plant adjacent to the Copper Rand 
mill was begun during the year in order to 
eventually increase the gold recovery of the 
operation. Reported silver production was 
Copper Rand Mine, 90,119 ounces, and Por- 
tage Mine, 41,796 ounces.'? 

Equity Silver Mines Ltd., a subsidiary of 
Placer, of Canada, produced 4,624,000 
ounces of silver in concentrate during the 
year, 334,000 ounces less than in 1983. The 
lower production was attributed in part to a 
metallurgical change in the type of ore 
mined, which resulted in a lower silver 
recovery. À new scavenger circuit at the 
Equity Mine is expected to increase the 
recovery of precious metals and partially 
offset the effects of the change in ore com- 
position. Leaching operations at the mine 
were stopped in April 1984 because of lower 
impurities in the ore and a correspond- 
ing greater market acceptance of the 
unleached concentrates. The leaching facili- 
ties were being maintained on a standby 
basis at yearend. 

United Keno Hill Mines Ltd. reported 
that company operations milled 72,400 tons 
of ore and produced 1,233,400 ounces of 
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silver. Underground production was from 
the Ruby Mine (5,300 tons) and the Husky 
S. W. Mine (3,900 tons). Surface production 
was from the Calumet 1-15 pit, Calumet 4-11 
pit, and the Hector Fault pit. The Elsa Mine 
remained closed throughout 1984. 

Westmin Resources Ltd. reported a lower 
mill throughput because of a 3-month dis- 
pute between management and labor. The 
mill processed 224,700 tons of ore grading 
3.08 ounces of silver per ton. In 1983, mill 
throughput was 273,787 tons of ore grading 
9.53 ounces of silver per ton. In 1984, ap- 
proximately 72% of the ore processed was 
produced at the Lynx Mine, with the re- 
mainder produced at the Myra Mine. Pro- 
ductivity improvements made at the Lynx 
Mine during the year included the phasing 
in of bulk mining methods to replace the 
more costly cut-and-fill methods used in 
some areas of the mine and upgrading the 
mine’s transportation system. 

Mexico.—Meéxico, Desarrollo Industrial 

Minero S.A. (MEDIMSA) increased the total 
mill capacity at the San Martin Mine to 
7,500 tons per day, through the installation 
of a new 4,850-ton-per-day concentrator. 
MEDIMSA also began a project during the 
year to expand the existing 1,400-ton-per- 
day mining and milling capacity of the 
Charcas Mine to 3,800 tons per day. ME- 
DIMSA reported that its eight major silver 
producing mines had a combined output of 
21.2 million ounces of silver, compared with 
17.1 million ounces in 1983. 
, For the second year in a row, the Real de 
Angeles Mine operated above its designed 
capacity. Minera Real de Angeles S.A. de 
C.V. reported that 4.8 million tons of ore 
was produced yielding 9.0 million ounces of 
silver in concentrate. In 1983, 3.7 million 
tons of ore was milled and 7.8 million 
ounces of silver in concentrate was produc- 
ed. The higher production in 1984 was due 
in part to higher mill throughput resulting 
from modifications to the flotation circuit. 
Silver recovery at the concentrator also 
improved slightly following the processing 
of the last of the stockpiled oxidized ore. 

AMAX Inc. reported that silver produc- 
tion at the Fresnillo-Zimapan operations 
was 10.3 million ounces in 1984 compared 
with 9.0 million ounces in 1983. The capaci- 
ty of the El Somberete Mine was increased 
to 6,800 tons of ore per day by Industria 
Minera México S.A. The mine is now capa- 
ble of producing 5.6 million ounces of silver 
per year according to the company. Lacana 
Mining Corp. reported that its 30%-owned 
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Torres mining complex in Guanajuato pro- 
duced over 4.2 million ounces of silver in 
1984, and that its 40%-owned Encantada 
Mining Group, in Coahuila, produced over 
1.8 million ounces of silver during the 
year.? In 1983, Torres produced 4.1 million 
ounces of silver, and Encantada, 1.8 million. 
Mexicana de Cobre S.A. received financing 
and loan guarantees from the U.S. Export- 
Import Bank to buy a $5.5 million conveyor 
system for the La Caridad Mine. 

The Government of Mexico began mar- 
keting a 1-troy-ounce silver bullion coin in 
the United States during the year. The 
coins were limited production issues dated 
1982, 1983, and 1984, and were legal Mexi- 
can tender. 

Peru.—A project undertaken by Cia. Min- 
era Arcata S.A. to expand the mill capacity 
of the Arcata Mine to 900 tons per day from 
600 tons per day was completed. The quanti- 
ty of ore treated increased 10.5% to 266,000 
tons, yielding nearly 3.3 million ounces of 
silver, 5% more than that of 1983. The 
Caylloma Mine, in which Arcata has about 
a 35% interest, produced over 2.3 million 
ounces of silver. 

Silver production at the Julcani Mine, 
operated by Cia. de Minas Buenaventura 
S.A., declined 300,000 ounces to 1.6 million 
ounces, in part because of labor problems. 
At the Orcopampa Mine, a project to in- 
crease mill capacity to 1,000 tons per day 
from 500 tons per day was begun during the 
year. Silver production at the Orcopampa 
Mine was 2.3 million ounces compared with 
2.2 million ounces in 1983. At the Uchuc- 
chacua Mine, silver production declined to 
2.6 million ounces from 2.9 million ounces 
in 1988, in part because of labor problems. 
A project to expand the capacity of the 
Uchucchacua concentrator to 30,000 tons 
per month from 21,000 tons per month was 
begun during the year. 

At Empresa Minera del Centro del Perü 
(Centromin Perú), silver production increas- 
ed to 13.2 million ounces compared with 
11.7 million ounces produced in 1983. The 
increased silver output was due primarily to 
increased production at the Cerro-San 
Expedito Mine, 1.1 million ounces compared 
with 100,000 ounces in 1983, and at the 
Cerro-Paragsha Mine, 3.2 million ounces 
compared with 2.7 million ounces in 1983. 
At Centromín Perá's La Oroya complex, 
production of refined silver increased de- 
spite labor problems and a terrorist attack. 
The metallurgical complex, which treats 
concentrates from both Centromín Perú 
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and other companies, produced 23.6 million 
ounces of refined silver, a 1.9-million-ounce 
increase over that of 1983. 

Southern Peru Copper Corp. (SPCC) re- 
ported that 2.5 million ounces of silver was 
produced at the Toquepala and Cuajone 
Mines. Silver production at the two mines 
was significantly greater than the 2.1 mil- 
lion ounces produced in 1983, primarily 
because of fewer labor problems in 1984. 
During the year, over 19 million tons of ore 
from the Cuajone Mine was treated to 
produce 1.4 million ounces of silver. At the 
Toquepala Mine, treatment of 15.4 million 
tons of ore yielded 1.1 million ounces of 
silver. SPCC completed construction of an 
anode slime processing plant near its Ilo 
copper refinery in November. The plant was 
expected to recover 1.4 million ounces of 
silver per year. Through yearend, the plant 
produced over 73,000 ounces of silver. 

Other Countries.—Bougainville Copper 
Ltd. announced that a 13th ball mill would 
need to be installed at the Bougainville 
Mine in Papua New Guinea to partially 
offset declining ore grades. Production be- 
gan in mid-May at the OK Tedi Mine in 
Papua New Guinea. Operations at the mine 
were suspended several times during the 
year because of problems witb the cyani- 
dation process and the mine's tailings dam. 

Creditor banks of the Philippines’ Marin- 
duque Mining & Industrial Corp. foreclosed 
on the company in August to recover vari- 
ous loans. The assets of the company, in- 
cluding the Sipalay Mine, a copper-silver 
producer, were subsequently sold by auction 
in September to the creditor banks. 


Physical scientist, Division of Nonferrous Metals. 
? ASARCO Incorporated. 1984 Annual Report. 32 pp. 
3Hecla Mining Co. 1984 Annual Report. 32 pp. 
*Sunshine Mining Co. 1984 Annual Report. 36 pp. 
SWork cited in footnote 2. 
sWork cited in footnote 2. 
7Gold Reserve Corp. 1984 Annual Report. 16 pp. 
8Work cited in footnote 4. 
9Work cited in footnote 3. 
10Work cited in footnote 3. 
liHandy & Harman. The Silver Market, 1984. 68th 
Annual Report. 26 pp. 
1? Aberfoyle Ltd. 1984 Annual Report. 25 pp. 
55 Broken Hill Holdings Ltd. 1984 Annual Report. 
pp. | 
14Work cited in footnote 2. 
15Cominco Ltd. 1984 Annual Report. 36 pp. 
16The Dickenson Group. 1984 Annual Report. 33 pp. 
17Newmont Mining Corp. 1984 Annual Report. 56 pp. 
18Noranda Mines Ltd. 1984 Annual Report. 48 pp. 
19Northgate Exploration Ltd. 1984 Annual Report. 


32 pp. 
A placer Development Ltd. 1984 Annual Report. 40 pp. 
55 Keno Hill Mines Ltd. 1984 Annual Report. 
p. 
R acana Mining Corp. 1984 Annual Report. 29 pp. 
% US Peru Copper Corp. 1984 Annual Report. 
pp. 


818 MINERALS YEARBOOK, 1984 


Table 2.—Mine production of recoverable silver in the United States, by State 


(Troy ounces) 

State | 1980 1981 1982 1983 1984 
nnn. oe 8,954 2,312 2,080 4123 W 
Ai 6,267, 588 8.055, 231 6, 309, 327 4,491,532 4,093,036 
California ce ot eee 49,257 53,286 34,048 26,899 W 
Colorado. — ĩ²Ü”?ͥ5m ⁰ o Sere Meme epus ds e 2,987,058 3,008,994 1,934,312 2,145,616 2,199,888 
Idahó- 25 caus E 13,694,902 16,545,648 14, 830,351 17,684,278 18,869,186 
III/ eats y Ee W W W W W 
Mehr ⁵ k W W W Ev" Mw 
;;; ˙·¹um ³⁰ A 2, 357, 236 1,837,011 2,241,159 2,021,343 1,401,070 
Mets cams 2,023,893 2,988,810 6,168,711 5,107,963 5,652,847 
õöĩ;⁵ÜL[5—.Ʒi)] ð2 eee ee 939,997 3,039,480 3,142,263 5,163,724 6,411,032 
New Meese ; W 1, 632, 346 804,594 W W 
New York- -=-= 20,702 28,829 27,212 33,137 W 
%0GGGGöGö;ͤ;]Ü˙⁊ mts 8 841 7,487 a 856 W 
South Carolina n W a seat DPS 
South Dakota 51,257 55,792 26,241 62,314 50,036 
Tennessee W W W W | Ww 
Uuh oom re ee Be ee 2,203,289 2,882,671 4,342,333 4,566,610 OW 
Washingtonmwçwm”ôwç“w | W 67,390 W W W 

%% ͥ ͥ ⁰¹ð¹iĩ et ee 32,329,378 40,683,178 40,248,409 43,415,267 44.440.291 


W Withheld to avoid disclosing company proprietary data: included in Total.“ 


Table 3.— Mine production of recoverable silver in the United States, by month 


(Thousand troy ounces) 

Month 1980 1981 1982 1983 1984 
n, ß Eq eeiam 3,271 3,062 3,643 3,198 3,761 

Februar 3,365 3,404 3,283 3,148 3, 
PONS e A a ee cate ,280 3,408 4,039 3,873 4,188 
!!õĩ˙¹˙˙ ⁰⁰ͥ⁰⁰¼² el ie ue atten 3,335 3,314 3,733 3,778 4,013 
C e pp ̃ p A m , ,151 3,713 3,712 3,878 
JUnÉ —— e nr ure m ern ate od : 3,315 3,568 l 3,167 

July. testi Rn e Due e 1,993 3,571 3,090 3,685 3, 
Augis i eee uae RE re es 1,741 3,408 2,987 3,852 3,707 
September 1.776 3,503 3,014 3,659 3,234 
J... ³ THER 8 2,074 3,795 2,889 3,505 3,650 
November__________-~_______-_--_-- 2,144 3,354 3,241 3,511 3,312 
ll AA 3.181 3,392 3,048 3,570 3,483 
Toal -ooann y uci RE. 32,329 40,683 40,248 43,415 44,440 


Table 4.—Twenty-five leading silver-producing mines in the United States in 1984, 


in order of output 
Rank Mine County and State Operator Source of silver 
1 Sunshine Shoshone, ID Sunshine Mining o Silver ore. 
2 1 Friday ... PHONES LERRA Hecla Mining Coo Do. 
3 Troy. cac cae Lincoln, MT ASARCO Incorporated Do 
4 Galena Shoshone, ID ------ dU cur DU E ene n Do 
5 Candelaria Mineral, NV ______ NERCO Ila. Do 
6 EC Shoshone, ID... ASARCO Incorporated _ _ _ _ _ _ _ Do. 
T Escalante Iron, Uf Helca Mining Coo Do. 
8 DeL amar Owyhee, ID ______-_ NERCO Inca. Gold-silver ore. 
9 Utah Copper Salt Lake, Uf Kenne cott Copper ore. 
(Bingham). 
10 Taylor White Pine, W Silver King Mines Ine Silver ore. 
11 Black Pine Granite, MT |... Black Pine Mining Coo Do. 
R Bulldog Minera M. 3 pees ay ed Co cc ee dm Do. 
Tyrone rant, MMM e pe D Dodge Cord pper ore. 
14 Sierrita _._.__ .- Pima, AZ -------- Duval 2P FCC Do. 
15 Sixteen- to- One Esmeralda, NV Sunshine Mining Oo Silver ore. 
16 Morenci_ ~~ — ~~ — Greenlee, A Phelps Dodge Cord Copper ore. 
17 Crescent Shoshone, ID _ _ _ _ _ Bunker Limited Partnership Silver ore. 
18 Gooseberry |... Storey, Wx Asamera Minerals (U.S.) Inc Gold-silver ore. 
19 Buick 2.2 Iron, MO ______-_~_ AMAX Lead Co. of Missouri Lead ore. 
20 Eisenhower Pima, AZ _______~_ e erra: C0- —-. Copper ore. 
21 San Manuel .... Pinal, AZ .. Marma n F Do. 
22 = sii 5 Sierra, NM _______ St. Cloud [ning TG 5 CUT ore. 
23 | Ray Pinal, AZ rz Kennecott |... r ore. 
24 Baitle Mountain Lander, NW Duval Corp - - ------------ Gold ore. 


25 Magmont Iron, xu Cominco Ameren Incorporated Lead ore. 


See footnotes at end of table. 
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Table 5.—Silver produced in the United States, by State, type of mine, and 
class of ore 
Placer Lode 
z (troy Gold ore Gold-silver ore Silver ore 
Year and State scr Troy Troy Troy 
o Short Short Short 
silver) tons ounces tons ounces tons ounces 
of silver of silver of silver 
1980___-----------—- 467 5,510,745 749,785 872,019 1,953,874 2,064,191 13,699,057 
1 8 1,839 8,758,364 754,037 1,040,878 2, 263,535 4, 538, 322 19,095,412 
19822 58 2,012 13,087,462 852,500 1,213,247 2,169,495 5,422,706 23,577,319 
MOBS ah he 4,035 18,329,722 1,146,835 1,129,756 1,794,753 7, 488, 153 30,063,899 
1984: 
Alaska aa W "s di zi ld mm Lu 
rizona. Scl csl D W W W W 
California W W W W W E NS 
Colorado -..---.---—— os W W W W W W 
ON ee aes T EXEC REDE es W W W W 955,704 17,099,485 
Illinois TE as O T5 ans = i ud 
Missouri mS s E ud. 
Montana___________ TP 7,161,811 170,149 W 3,291,610 5,411,140 
Nevada____________ _. 11,982,839 592,854 761,755 988,446 3,0 13,036 „589,445 
New Mexico EM W 2,800 19,118 
New Vork iem Z- t uenis ies E "S Zo 
FCC z W W ec SUN -— "n 
South Dakota Ta 1,897,319 50,036 NUR. Ten ae toes 
Tennesse me "o p a —-— E whe ome 
PEFC — — W W W W W 
Washington "s W W Pu Lion e s 
Total 3,703 24, 581,032 1,383,227 1,587,850 2,890,407 7, 804, 144 31,328,954 
Percent of total silver (3) XX 3 XX XX 
| Lode 
Copper ore Lead ore Zinc ore 
Troy Troy Troy 
Short Short Short 
ounces ounces ounces 
tons of silver tons of silver tons of silver 
IS 2- 220,293,487 11,135,824 10,080,986 2,534,828 370,702 20,956 
1981 i A 281,939,595 13,952,838 8,524,045 1,839,198 561,970 28,863 
777 hah ever 190,713,274 9,420,220 9,407,482 2,244,737 713,228 27,212 
I989 --- are Ae 2171,614,767 27,344, 180 8,050,251 2,021,346 153,044 83,137 
1984: 
Alaska x T iu ese M" Las 
Arizona.. 126,305,079 3,727,075 W EE es 
Californian M CR ate a = ade 
Colorado es LS W W iiu TE 
Idao ixi ase W W 8 m 
Illinois 8 — "E M em ree 
Missouri . WX 5,234,116 1,401,070 ae zc 
Montana... .......- EAR us Nc SE uS e" 
Nevada -— m E wea APE . 
New Mexico W W "ME zie ae T 
New York __________ eles: -- dem e W W 
Uli doe ee ILE " zs Es E TES An 
South Dakotaa "ES m ave zit. ae n 
ennessee . . -----—-- i Lc RT "M W W 
J uf Rua W W "o ure W W 
Washington ________-_ s 8 e a im 8 
Total. n 2164,345,710 26 372,847 5,272,047 1,723,368 923,843 61,505 
Percent of total silver XX 1) 
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Table 5.—Silver produced in the United States, by State, type of mine, and 
class of ore—Continued 
Lode 
Copper-lead, lead-zinc, . Total 
copper - zinc, and Old tailings, etc. 
Year and State copper-lead-zinc ores 
ö | Tro Tro 
Short Trey Short y Short y 
ounces ounces ounces 
tons of silver tons of silver tons of silver 
1980. oe EET 8,256,562 2,112,419 61,623 3122.163 242,516,315 32,329,873 
198... 8,186,988 2,369,785 286,419 3377,666 308, 836,581 40,683,173 
/«§;—ÜVi³ðàs eem 2,125,147 919,329 433,446 34435,585 223, 115,992 40,248,409 
I.; LR EE (5) (5) . 856.550 71, 007,082 208,222,243 43,415,267 
1984: 
Alaska ____________ EXT a FE NE as W 
Arizona ^ 22 W W 126,436,767 4,093,036 
California... -— tu W W W W 
Colorado W W "NS m 880,966 2,199,888 
Idaooo "M Se W W 9,573,980 18,869,186 
Illinois e BAM W W W W 
Missourri2i2: iae "e SUA one 5,234,776 1,401,070 
Montanna. "- tm W W 11,060,754 5,652,847 
Nevadaaaaa "m 2a W W 22,836,171 6,411,032 
New Mexico =e ae — ial W W 
New York . i mS TOM a W W 
Oregon — M" = am W W 
South Dakota E 8 aues d 1,897,319 50,036 
Tennessee W W b E W W 
Utah _____________ es ME ics MM W W 
Washington .-------- eck ms m -— W W 
Tot (5) (5) 615,377,223 37726,280 219,891,849 44,440,291 
Percent of total silver XX (5) XX 2 XX 100 


W Withheld to avoid disclosing company proprietary data; included in "Total" XX Not applicable. 

!Less than 1/2 unit. 

Includes copper-zinc ores and silver recovered from copper-zinc ores in Tennessee to avoid disclosing company 
proprietary data. 

Includes silver recovered from tungsten ore in California and silver recovered from fluorspar ore in Illinois. 

“Includes silver recovered from molybdenum ore in Nevada. 

5In order to avoid disclosing company proprietary data, copper-zinc ores and silver recovered from copper-zinc ores in 
Tennessee are included in totals for copper ore, and lead-zinc ores and silver recovered from lead-zinc ores in Colorado are 
included in total “Old tailings, etc." 

Includes lead-zinc ores in Colorado to avoid disclosing company proprietary data. 

"Includes silver recovered from lead-zinc ores in Colorado to avoid disclosing company proprietary data, and includes 
silver recovered from molybdenum ore in Nevada. 


Table 6.—Silver produced in the United States by cyanidation! 


Leaching in vats, 


tanks, and closed 3 5 
containers? ? cope Qr CUMPS 

Year Silver Silver 
Ore treated recovered Ore treated recovered 

(short tons) (troy (short tons) (troy 

ounces) ounces) 

bol es EEE E E R ee ol a E EA AE EEE 3,874,576 1,819,604 3,390,069 818,205 
T98 MMOL ea ee ae seh ce Oh a gc at 4,434,835 2,579,957 7,413,219 2,047,709 
)))) eie e MUI E EU 7,575,476 4,713,226 12,295,182 1,884,326 
õõĩõĩ[ a RED SC ¼ RACE Ota? LRN 19,337,730 715,893,270 12, 687, 440 2,185,551 


i... ecce a cr AEN 10,764,741 6,552,063 15,780,594 2,907,574 


Revised. 

*May include small quantities recovered by leaching with thiourea, by bioextraction, and by proprietary processes. 
?Includes autoclaves. 

*May include small quantities recovered by gravity methods. 

*May include tailings and waste ore dumps. 
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Table 8.—U.S. refinery production of silver 


(Thousand troy ounces) 
Raw material | 1980 1981 1982 1983 1984 
Concentrates and ores: | | 
Domestic 36,171 44,481 43,825 50,281 48,892 
Foreign . teA 3,182 5 344 169 126 
Total 5 c e eere iE 39,358 47, 007 44,170 50,450 49,019 
Old Scrap. oom Eee 53,131 39,067 27,171 25,549 24,070 
New scrap- Gt eee ee ene 65,642 44,738 37,812 41,839 . 45,613 
| Grand total 158,127 130,812 109,153 117,888 118, 602 
Data may not add to totals shown because of independent rounding. 
Table 9.—U.S. consumption of silver, by end use 
(Thousand troy ounces) 
End use? 1980 1881 1982 1983 15984 
Electroplated ware 4,350 3,904 3,254 . 8154 . 3,542 
Sterlingware 8 9,082 4,401 6,579 1,022 3.638 
S ⁰⁰⁰ A 8 5, 893 5, 368 6,260 6,885 5,773 
Photographic materials 49, 825 51,025 51,769 151, 827 55,322 
Dental and medical supplies 2,212 1,709 1,688 1,532 1,569 
II ĩ³˙¹wOiAAA y ⁰ EE 672 581 970 970 970 
Brazing alloys and solderr s 8.508 7,718 1,384 5,837 5,889 
Electrical and electronic products: 
P.... Sl 5,976 3,803 4,167 72,800 . 2611 
Contacts and conductors |... 21,196 26,411 21,130 26,298 25, 633 
Bearings- - - - ͤ ð ² iT.. 649 297 228 170 260 
e c MEDICI ß 3,085 3,830 2,418 12, 424 2,448 
Coins, medallions, commemorative objects 4,693 2,622 1,832 2,979 2,564 
Miscellaneous 2,005 4,995 4,562 4,567 4,562 
Total net industrial consumption?d _ _ 124,694 116,670 118,840 116,464 114,841 
;öÜêðödv 72 179 1.846 2.128 2, 665 
Total consumption ___________---- 124,766 116,849 120,686 "118,592 117,506 
r Revised. 
End use as reported by converters of refined silver. 
2Includes silver-bearing copper, silver-bearing lead anodes, ceramics, paint, etc. 
Data may not add to totals shown because of independent rounding. 
Table 10.—Yearend stocks of silver in the United States 
(Thousand troy ounces) 
1980 1981 1982 1983 1984 
h ⁵ ĩ rr esta 17,255 20,875 20,467 717,536 21,173 
Futures exchanges____________________ 120,798 96,511 106,182 151,232 187,631 
Department of the Treasury 38,890 38,732 36,768 34,565 31,889 
Department of Defense 4,510 3,810 1,750 100 
National Defense Stockp ile 139,500 137,500 137,500 137,500 187,500 


"Revised. 


SILVER 823 
Table 11.— U.S. silver prices! 
Dollars per troy ounce) 

Period Low (date) High (date) Average 
p e M re D LE: 10.80 (May 22) 4800 (Jan. 21) 20.63 
J•öõͤĩĩ0Vë ³ĩé es ee 8 7.95 (Dec. 29) 16.45 (Jan. 6) 10.52 
I7;Äͥ lt fas clus ee 4.88 (June 21) 11.21 (Dec. 29) 7.95 
1ôöĩ6˙oãẽi y ð v uM LL 8.34 (Nov. 17) 14.74 (Feb. 16) 11.44 

1984: 
Janua cinas ̃ꝛ 7.90 Jan. 11) 8.58 Jan. 3) 8.18 
Februar v 8.70 (Feb. 13) 9.81 (Feb. 28) 9.18 
Poo scena e C e tid 9.34 (Mar. 23) 10.04 (Mar. 5) 9.65 
Cl E unen pei OO 8.990 (Apr. 30) 9.62 (Apr. 2) 9.22 
) 2222222525655 ¢ 2.352022 440% 8.63 (May 8) 9.26 (May 29) 8.97 
SUNG oe E LE E 8.33 (June 27) 9.44 (June 1) 8.74 
//·ß¹ A KUCHEN eee 6.90 (July 27) 830 (July 2) 1.42 
1111ÄÄ%Üeéê (mt ee 790 (Aug. 1) 7.92 (Aug. 15) 7.61 
Septemderrrrõnrnrrnrn 7.02 Sept. 17) 7.64 (Sept. 26) 7.26 
EEEE S ee ee 7.14 (Oct. 9) 7.66 (Oct. 3) 7.32 
Novembberſr!en!n _---- 7.02 (Nov. 30) 7.80 (Nov. 13) 7.49 
December ec - ------------------—- 6.26 (Dec. 20) 7.14 (Dec. 4) 6.69 
Average XX XX 8.14 

XX Not applicable. 


Handy & Harman daily quotation. 
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Table 14.—Silver: World mine production, by country! 


(Thousand troy ounces) 


Country? 1980 1981 1982 1983P 19849 

Alpera unu ostro ³⅛ðꝛ ⁰wr-;=;0; ᷑ ed a A EU 100 110 110 120 120 
Argéntina, ->o ee uer LE dnce: 2.357 2,518 2,084 2,500 2,500 
Australia -2222222222 3 24,654 23,906 29,156 33,849 32,000 
BUI ³o·ſͥ eene ]³¹ m e ee ed am ea a 6,099 6,394 5,472 6,025 4,920 
Brazil! «5 õõöĩ⁰* ³ð2:A ͤk- ; ð ns le 1784 765 760 743 800 
Bulgaria 2405-0 ³ðV ³ðV!;ĩ 88 930 930 930 930 930 
BÜFIDA . GC c LL LU ⁰⁰⁰ 587 450 526 558 4576 
e ß ee eee i coe 33,340 36,298 42,246 35,559 431,568 
l ↄ eu Lei 9,598 11,610 12,288 15,055 15,000 
öõ.õ˙·¹ðbt,& ̃7 ͤ kn ĩð- y ee eee eee m 2,500 2,000 2,500 2,500 2,500 
Colombia? a ee eee eee 152 143 136 99 100 
G -22222222222222 2 2 2 2 2 
Czechoslovakiaf______________________________ 1,300 1,300 1,300 1,300 1,300 
Dominican Republi«qc 1,623 r2 034 2,100 1,350 1,200 
EGUHdOP p a eit i ets 29 32 *10 ($) (8) 
El Salvador ` c ose ̃ ˙˙m ³⅛ĩͤ aaan 146 137 86 22 25 
OU SNR ⁵⁵⁵¼ũũꝶ bvl. x 7 8 19 15 18 
Inland oce ˙⁰¹¹AAͥͥ , ˙1gð³ ⁊ꝛ⅛· Er h d a eae tS Ee 1852 1823 694 868 870 
France eno / .hhͥ06⁵² ³ ſ ³ĩð 8 189 188 115 r €120 120 
German Democratic Republic 1,510 1,450 1,450 71,380 1,360 
Germany, Federal Republic oouW „ 1,058 1,126 1,279 1,167 1,250 
Ghana -22222222222222 18 17 417 14 14 
Greece a yt aa a E E at ape ere AE oe A E 1,672 1,945 1,582 1,797 1,800 
Greenland: e eres a a in LE 1547 1490 480 400 340 
Guatema aaa 10 8 8 8 7 
Fill ⁰⁰ CT ntes 1,766 1,823 2,100 2,587 2,650 
/ ge fe a oe d ie ore 366 555 463 469 800 
men.. 8 701 830 1,134 1,135 1,120 
III eg es, E mem S oiu iul 771 T596 352 320 300 
DI LEE a e ĩ at el hg oe 1,366 1,768 1,791 2,361 2,000 
I ag a ek fe 8,603 9,010 9,843 9,877 40,403 
Korea, Nortn nn 1.600 1,600 1,600 1,600 1,600 
Korea, Republic ot 2,292 3,061 3,237 3,366 3,000 
Malaysia (Sabah 439 1465 502 481 500 
7 f(¼;ſß ee EON sare usta ULE 50,052 52,916 59,175 63,607 67,800 
e ß uuu S Basie 3,154 ©2120 22,640 22,850 22,409 
Namibia 2 ͥ‚⁰»⁰¹i ⁰⁰ dd A 3,365 3,456 2,812 3,535 43,393 
New Zealand- . . ans eee reda 1 —- FN ($) ($) 
Nicaragua ________________________________| 164 140 76 63 50 
Papua New Guinekekk.l Ss2 222 lll 1,180 1,363 1,887 1,524 1,421 
Perüic ou ³ WA o tae ea sp Ec, 44,419 46,940 53,479 55,878 456,534 
Philippines- - - - - ---------------------------— 1,952 2,024 1,984 1,913 41,593 
FC Ü˙¹wi⁰¹äſ⁵ ⁰ ⁰ , ⁰ ⁰˙ m ꝛ%¾ mA 24,627 20,576 21,123 21,798 22,000 
qid | ee Se aU cer Pete ear eee OS 20 39 24 32 498 
Romanis ob" ee T 900 850 *850 820 810 
Solomon Islands (8) (8) (8) (8) 4 
South Africa, Republic o/ TQ HU 7,144 7,568 6,943 5,559 46,997 
J oan A n Le a iu AD d E eT E 4,526 5,347 3,787 1,496 2,000 
Sweden onc ee cceli ei Ale ciis es ada 15,337 15,170 5,395 5,491 5,500 
DLL m T ÉPOCA 95 215 504 345 4364 
Tonia 2. oats ae hs : ied ee os oe ees ML aes ts 235 84 115 90 100 
e.. ³ðVü a acd ht Sa a ce 200 200 220 220 220 
USSR o ncc ee 46,000 46,500 46,900 41,200 47,400 
Enit“ ³ 88 32,329 40,683 40,248 43,415 444,440 
Fe ⁵ð d 4,790 4,437 3,343 3,987 14,051 
LAITE S oL en ⁰²m m CL RSRS 2,133 2,580 1,751 2, 000 2,000 
Zambia m ———————————ÀÀ 764 714 887 933 4795 
JJ) a ed Soe d es St 949 857 918 935 950 

Pf ³¹ð1W¹à] ͤ y Sae ee eee ee "342,804 359,571 381.533 392,268 398,554 

“Estimated. Preliminary. Revised. 


1Recoverable content of ores and concentrates produced unless otherwise specified. Table includes data available 


through July 2, 1985. 


2In addition to the countries listed, Austria and Thailand may produce silver, but information is inadequate to make 


reliable estimates of output levels. 


3Partially revised officially reported output; of total production, the following quantities, in thousand troy ounces, are 
identified as placer silver (the balance being silver content of other ores and concentrates): 1980—47; 1981—144; 1982— 


123; 1983—247; and 1984—not available. 
“Reported figure. 
5Smelter and/or refinery production. 
SLess than 1/2 unit. 
Includes production from imported ores. 


Slag—lIron and Steel 


By Donald P. Mickelsen’ 


Domestic production of iron and steel slag 
increased moderately during the year. Sales 
and use of iron slag increased significantly, 
while sales and use of steel slag increased 
only moderately. Air-cooled blast furnace 
slag continued to comprise the largest por- 
tion of total blast furnace slag sold or used. 

The construction industry was the major 
user of iron and steel slag products. Air- 
cooled blast furnace slag was used mainly 
for road base, fill, concrete aggregate, and 
as asphaltic concrete aggregate. The main 
growth areas for iron slag include replace- 
ment for cement in concrete construction, 


was typically used as road base and fill. The 
average unit value of blast furnace slag 
increased 6% and steel slag increased 9% in 
unit value over that of 1983. 

Domestic Data Coverage.—Sales, use, 
and transportation data for iron and steel 
slag are developed by the Bureau of Mines 
from a voluntary annual survey of U.S. 
processors. Of the 77 operations canvassed, 
68, or 88%, responded, representing 98% of 
the total sales or use data shown in table 1. 
Data for the nine nonrespondents were 
estimated by using reported prior year sales 
and use levels adjusted by trends in the 


use in bituminous mixtures, and use in industry and other guidelines. 
lightweight concrete applications. Steel slag 
DOMESTIC PRODUCTION 


Iron and steel slag production increased 
in accordance with the increase in iron and 
steel production over that of 1983. Sales and 
end use of blast furnace slag increased 
significantly, and that of steel slag increas- 
ed moderately compared with that of 1983. 
This was attributed to a combination of 
increases in construction activity in certain 
areas of the country, increases of available 
funds for highway construction, and the 
increased use of iron slag as a replacement 
for cement. According to the U.S. Depart- 
ment of Commerce, total new construction 
was 1296 higher in 1984, and new highway 
and bridge construction was up nearly 15%. 
This was the result of increased Federal 
funding owing to an additional 5-cent-per- 
gallon Federal tax on motor fuels, increased 
State gasoline taxes in 1981-83, and modera- 
tion of highway construction costs.? In gen- 
eral, most processors showed strong sales 
increases, especially many of the larger 
operations. 


Blast furnace slag sold or used increased 
24% in quantity and 32% in value compar- 
ed with that of 1983, totaling 16.8 million 
short tons valued at $85.4 million. Fifty-four 
percent of this, in decreasing order, was 
marketed in Pennsylvania, Indiana, and 
Ohio. Of the total blast furnace slag sold or 
used, 91% was air cooled. During 1984, 38 
plants processed iron slag, and 2 were 
inactive. Steel slag sold or used totaled 5.3 
million tons valued at $17.3 million, up 9% 
in quantity and 19% in value compared 
with that of 1983. Forty-eight plants proc- 
essed steel slag. Of all iron and steel slag 
products shipped, 90% traveled by truck 
with an average marketing range of 24 
miles, 6% traveled by rail with an average 
marketing range of 181 miles, and 3% 
traveled by waterway with an average mar- 
keting range of 404 miles. The remaining 
1% was used at the plantsite. 

C. J. Langenfelder & Sons Inc. started 
operations under a contract with Bethle- 
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hem Steel Corp. to process steel slag from 
the basic oxygen and open-hearth furnaces 
at the Sparrows Point plant in Baltimore, 
MD. Beginning in August, Fritz Enterprises 
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Inc. took over all processing and sales of 
blast furnace slag from United States Steel 
Corp. at its Lorain Works in Ohio. 


CONSUMPTION AND USES 


Iron and steel slags, byproducts of iron- 
making and steelmaking, were utilized 
mainly by the construction industry as 
substitutes for natural aggregates and other 
construction materials. Historically, iron 


and steel slags have been used as replace- 


ment materials because of economic bene- 
fits, better characteristics for some applica- 
tions, and because of shortages of natural 
aggregates in some areas. 

Essentially all iron-blast-furnace slag pro- 
duced is eventually utilized. Of the air- 
cooled blast furnace slag sold or used in 
1984, 52% was used as road base, 10% as 
fill, 9% as concrete aggregate, 8% as as- 
phaltic concrete aggregate, and 7% as rail- 
road ballast. The remaining 14% was used 
for producing mineral wool and in concrete 
products, roofing, sewage treatment, soil 
conditioning, glass manufacture, ice con- 
trol, and other miscellaneous uses. Expand- 
ed blast furnace slag was mainly used as 
lightweight concrete aggregate. Concrete 


slag are combined under “Other” to avoid 
disclosing company proprietary data. Cur- 
rently, the main growth areas for iron slag 
include replacement for cement in concrete 
construction, use in bituminous mixtures, 
and use in lightweight concrete applica- 
tions. As a replacement for cement, ground 
granulated blast furnace slag offers a sav- 
ings in natural resources and the energy 
required to manufacture cement clinker. 
According to the latest published infor- 
mation, 75% to 80% of domestic steel slag 
produced is recycled to the blast furnace or 
used in aggregate applications.’ Statistics 
developed by the Bureau of Mines indicate 
that 3.1 million tons of steel slag was 
recycled to blast furnaces in 1984. Steel slag 
processed and sold was primarily used as 
road base, 49%; fill, 20%; and asphaltic 
concrete aggregate, 10%. The remaining 
21% was used for railroad ballast, ice con- 
trol, and other uses. Steel slag usage for 
asphaltic concrete aggregate is expected to 


products and all other end uses for expand- be a major growth area. 
ed slag and for granulated blast furnace 
PRICES 


The average unit price, f.o.b. plant, for all 
iron-blast-furnace slag sold increased 6% 
over that of 1983 to $5.09 per ton. Air-cooled 
slag increased 5% to $4.33 per ton, and 
expanded slag increased 19% to $11.49 per 
ton. Price information for granulated slag 


was withheld to avoid disclosing company 
proprietary data. Steel slag unit value was 
$3.28 per ton, up 9% over that of 1983. High 
prices in some use categories indicate that 
additional processing was required to meet 
some users’ specifications. 


FOREIGN TRADE 


Basic slag, a byproduct of basic steel- 
making processes, is both exported and 
imported by the United States for use as an 
artificial fertilizer because of its high lime 
and phosphorus content. Statistics devel- 
oped by the U.S. Department of Commerce, 
Bureau of the Census, indicate that 151 tons 
of basic slag valued at $9,886 was imported 
from Canada and Japan, and 2,056 tons 
valued at $183,154 was exported to Italy and 
Mexico. 

U.S. export and import information for 
iron and other steel slag cannot be deter- 
mined because slag is classified in combined 
categories and cannot be separated. U.S. 


exports of slag are classified under the 
schedule headings Mineral Substances and 
Articles of Mineral Substances Not Specifi- 
cally Provided For" and Waste and Scrap 
Not Specifically Provided For," while U.S. 
imports of slag are classified as either 
"Metal Bearing Ores and Metal Bearing 
Materials" or “Waste and Scrap Not Specif- 
ically Provided For." Blast furnace slag 
is exported to and imported from Canada 
periodically. Trial shipments of water gran- 
ulated blast furnace slag have been received 
by several domestic processors from Bel- 
gium, France, and Japan for use in the 
production of blended cement. Inactivity 
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over the last few years has been supplanted 
by renewed interest in these imports result- 
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ing from increased acceptance and usage of 
slag cements domestically. 


WORLD REVIEW 


Estimated world production of iron-blast- 
furnace slag and steel slag was 123 million 
and 56 million tons, respectively. These 
estimates are based on iron slag generation 
representing 2396 of all blast furnace pro- 
duction and steel slag generation repre- 
senting 18% of all raw steel production 
minus 60% of the latter, which is recycled 
to the blast furnace.* Reported production 
of iron and steel slag by country is incom- 
plete owing to late reporting, incomplete- 
ness of data, and lack of reporting by some 
countries where slag is thought of as a 
waste product rather than a resource. 

Europe.—Indicated levels of slag produc- 
tion were essentially unchanged since iron 
and steel production in Europe increased 
only slightly compared with that of 1983. 
The most current data published by the 
statistical office of the European Economic 
Community indicate that a total of 
20,887,672 tons of iron-blast-furnace slag 
was produced in Europe in 1983.* 

Japan.—Based on 1984 pig iron and raw 
Steel production and slag generation rates 
from previous years, it is estimated that 26 
million tons of iron slag and 14 million tons 
of steel slag were produced in Japan, com- 


pared with 22 million tons and 12 million 
tons, respectively, reported for 1983. In- 
creasingzly more amounts of blast furnace 
slags are being sold and used in cement 
production. The Japan Iron and Steel Fed- 
eration projected that in 1985, 44% of all 
blast furnace and steel slag used will be for 
construction, 27.7% in cement, 21.8% in 
concrete, and 6.5% in other uses. Also in 
1985, 45% of the slag would be water 
granulated compared with 26.4% in 1978. 

A joint venture between Kawasaki Steel 
Corp. and Ube Industries Ltd. to market 
blast furnace slags was officially formed in 
May 1984. The new company, Chiba River- 
ment and Cement Corp., was building a slag 
processing plant, scheduled for completion 
in May 1985. The plant, located at the Chiba 
works, will have a production capacity of 
375,000 tons per year and will produce 
powdered, water granulated slags for use in 
blast furnace cements, building materials, 
fertilizers, ceramics, and other applications. 
Nippon Steel Corp. was also expanding its 
slag-derived products to include a ceramic 
fiber that can withstand temperatures up to 
1,400° C.* 


TECHNOLOGY 


Technical information on iron and steel 
slag is difficult to obtain owing to the 
diversity of its applications and uses and 
lack of publications. One major source for 
technical data on slag is the National Slag 
Association. The National Slag Association 
is a nonprofit organization established in 
1918 for the purpose of developing and 
disseminating information pertaining to the 
production, processing, properties, and uses 
of slags produced by the iron and steel 
industry. With extensive information re- 
sources, it provides reference services to its 
members and others including architects, 
engineers, and contractors. 

A new slag granulation process, using a 
continuous filtering. system, was developed 
in 1984. This system employs a rotating 
drum instead of the static filter that is used 
in classic granulated slag dewatering sys- 
tems. Water granulated slag is distributed 
homogeneously over the length of the de- 
watering drum, and axial vanes inside the 


drum continuously lift and deposit this slag 
on a conveyor belt for disposal, while water 
is allowed to filter through the drum’s fine 
mesh exterior for further recycling. Adjunct 
systems can be added to meet local condi- 
tions and environmental regulations, such 
as a cooling tower integrated into a closed 
loop circuit for cold water granulation only, 
or a specially designed condensation tower 
replacing conventional stacks for steam 
condensation. This system purportedly of- 
fers lower capital costs compared with static 
bed systems, compact design, continuous 
filtering and evacuation, air pollution con- 
trol, low maintenance and operation costs, 
and reliability. It also offers flexibility to 
produce any slag-sand mixture desired.“ 

A recent article published by the Ameri- 
can Society for Testing and Materials 
discussed the benefits of using blast furnace 
slag cement to enhance the durability of 
concrete mixtures. The article stated that 
research in the United States and Europe 
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has shown that the durability of modern 
concrete has become unsatisfactory in some 
applications, particularly concerning chem- 
ical resistance, owing to contemporary con- 
struction technology. Current concrete 
building techniques are likely to result in 
high hydration temperatures that cause 
excessive thermal stress, stress cracks, and 
porosity. The higher temperatures also ac- 
celerate alkali-aggregate reactions that de- 
teriorate concrete. It was found that the 
addition of blast furnace slag and fly ash in 
portland cement and concrete mixtures 
helps control hydration heat and alkali- 
aggregate reactions resulting in a concrete 
having a higher density and lower porosity 
and permeability. This enhances the con- 
crete’s durability and chemical resistance. 
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The benefits and strength development of 
blast furnace slag cements need further 
testing and research to define appropriate 
testing methods.* 


1Mineral data specialist, Division of Ferrous Metals. 

2U.S. Department of Commerce. Construction Review. 
V. 30, No. 6, Nov.-Dec. 1984, pp. 3, 11-12. 

Lewis, D. W. Resource Conservation by Use of Iron and 
Steel Slags. ASTM Spec. Tech. Publ. 774, 1982, pp. 31-42. 

*Emery, J. J. Slag Utilization in Pavement Construction. 
ASTM Spec. Tech. Publ. 774, 1982, pp. 95-118. 

5Statistical Office of the European Economic Communi- 
ty. 1984 Iron and Steel Yearbook. P. 74. 

9SKawata Publicity Inc. Japan's Iron and Steel Industry, 
1984. Japan, pp. 119, 137-138. 

TPaul Worth SA, Luxembourg. INBA—A New Concept 
of Slag Granulation With Continuous Filtering System. 
Company brochure, 1984. 

5Idorn, G. M., and D. M. Roy. Factors Affecting the 
Durability of Concrete and the Benefits of Using Blast- 
Furnace Slag Cement. Cement, Concrete, and Aggregates, 
CCAGDP, v. 6, No. 1, Summer 1984, pp. 3-10. 
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Table 3.—Locations and processing methods of iron slag and sources of 


steel slag! 
Processing eee of Sources of steel slag 
: Steel 
State, city, and : 
R Air- Ex- Granu- slag Open bed Elec- 
cooled panded lated hearth sa i tric 
Alabama: 
City: 
Vulcan Materials (o. 1 "e ES 1 ned 1 E 
irmingham: 
Jim Walter Resources Inc 1 x E ean TAN EO Z 
Fairfield: | l 
Vulcan Materials Co 1 UN RR 1 — 1 s 
Total: hoe co 3 cs 8 2 Er 2 2 
California: Fontana: 
Heckett co 1 Li 8 1 sa 1 Es 
Colorado: Pueblo: 
Fountain Sand and 
Gravel oo 1 zs ee "- T ENS 2 
Delaware: Claymont: 
International Mill 
Service to — T —— 1 —— 1 = 
rgia: 
Atlanta: 
International Mill 
Service Coo — "€ a E 1 ewe oe 1 
Cartersville: 
International Mill 
Service Coo mS AN DIT 1 s Rr 
Totals ETE ms zu 2 e ga 
Illinois: 
Alton: 
International Mill 
Service Coo — pon oe 1 SON AN 
C&LCartageCo 1 - - ee "" - 
Heckett Co 1 PAR a 1 zc 1 
Granite City: 
International Mill 
Service Coo m e nns 1 I. 1 x 
St. Louis Slag Products 
lioc d 1 cuins Ls NM zo 2o m 
Peoria: 
International Mill 
rvice Coo = P oo) 1 UNE S 
Total noe 3 dut ET 4 e 2 
Indiana: 
Burns Harbor: 
The Levy Co. Ine 1 1 S 1 1 1 " 
cago: 
Heckett Coo E Enc ENS 1 cs 1 2 
Vulcan Materials Co 1 c Run. m. idus fes a 
Total 2 1 as 2 1 2 = 
Kentucky: 
As . 
Heckett Co 1 2 ROME 1 zs 1 = 
Owensboro: 
Heckett Co mE do. NN ] zn __ 
Total. 2:22 m5 1 nae ae 2 wee 1 
land: 
timore: 
5 Maryland nago CUM 1 os Lo M ae ae = 
parrows Point: 
Atlantic Cement Co. Inc zd TN 1 as oe Eve. " 
C. J. Langenfelder & Sons 
Ine 5c 2s c s 1 1 1 i: 
Total. 1 ba 1 1 1 1 " 


See footnote at end of table. 
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Table 3.—Locations and processing methods of iron slag and sources of 
steel slag! —Continued 


Processing method of 
iron slag Sources of steel slag 
State, city, and company Ain Ex- Granu- slag Open Basic Elec- 
cooled panded lated hearth 5 trie 


Michigan: 
Detroit: 
5 Levy Co 1 1 8 


1 1 
Edward C. Levy Co om E ae 1 NR 1 1 
Trenton: 
Edward C. Levy Co 1 1 TNR 1 1 


Minnesota: Newport: 
Internation Mill 


Service Co 
New Jeney Perth Amboy: 
International Mill 
rviceCo |... -- ae E 1 um es 1 
New York: Buffalo: 
Buffalo Crushed Stone 


Corp 
North Carolina: Charlotte: 
Heckett Cùh Me zu ex 1 HUM =e 1 


Ohio: 


Cleveland: 


American Materials Corp 
rain: 


1 
Fritz Enterprises Inc.. .. — 1 zc Da E aor SS ae. 
Stein Inne te 
United States Steel Corp 1 NE I TT net "IE E 


Corp 
McGraw Construction Co "ME n 8 1 1 1 dai 
Mingo Junction: 
lin Mill 


T 
Oklahoma: Sand Springs: 
International l 
ServiceCo __________ T Ep ted 1 a 1 a 


Pennsylvania: 


Belle Vernon: 
ae Slag Products 


Bethlehem: 
Bethlehem Mines Corp 1 ts SN enc Em c. UA 
Sheridan Slag Corp.. _ _ _ -— 1 E s ae oes ee 
Burgettstown: 
iqueene Slag Products 


ohnstown: 
Heckett Coo as "s a. 1 cim NT 1 
See footnote. at end of table. 
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Table 3.—Locations and processing methods of iron slag and sources of 


steel slag! —Continued 
Processing method of 


iron slag 


State, city, and company m 
ranu- 


lated 


Air- Ex- 


cooled panded 


Pennsylvania —Continued 


Rug er Slag Co 1 
eridan Slag Corp T zu 
Midland: 

gs cA um Mill 


Phoenixville: 
International Mill 
Service Co 


rvice 
Riddlesburg: 
New Enterprise Stone & 
Lime Co. Ine 1 save ER 
Steelton: 
Hempt Bros. Ine aa E = 
West Aliquippa: 
Duquesne Slag Products 


West Mifflin: 
Duquesne Slag Products 


Wheatland: 


2 — — — 
| 
I 
| 
| 


South Carolina: Darlington: 
APA lina Ine a Ten os 
Georgetown: Heckett Co = ene ER 


umont: 
International Mill 
Service 
Lone Star: 
Gifford-Hill Co. Ine 1 NN EN 
Midlothian: 
International Mill 
Service Co 


West Virginia: 
Weirton: 

International Slag Co Doe Les ps 

Standard Slag Co 


Grand total. 35 5 4 


Steel 
slag 


m — K [jn 


50 


Sources of steel slag 
Basic 
Open or Elec- 
ygen : 

hearth process tric 
Ew — 1 
1 M T€ 
1 — — 
— "M 1 
1 8 PTE 
m 1 oe 
1 uc mo 
1 1 x 
5 2 5 
e bees 1 
8 PA 1 
= oe 2 
PAPE ae 1 
" Ss 1 
1 ENS oes 
E x 1 
1 -— 3 
1 das C 
TE pou 1 
Le 1 ane 
10 22 26 


1Number indicates the exist ce of an active plant shown by processing method or furnace source; previous years 


showed the number of active processing lines for some plants. 
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Table 4.—Shipments of iron and steel slag in the United States in 1984, 


by method of transportation 
tity 
Method of transportation (thousand 
short tons) 
a ic . ⁵ ² off tan ee eee ee 19,797 
Ral MERECE M ß TEMERE anne y pem 1, 
/ :::: ᷣ .. dd d ELA iE 
Not transported (used at plantsite „ 44«444«é «4 240 
16: ͥ́ſſßᷓͥ K A ied Ee 22,063 


Table 5.—Air-cooled iron-blast-furnace slag sold or used! in the United States, by use 
(Thousand short tons and thousand dollars) 


v 1983 1984 
se EEE TE TES EE TTC SS E = a aia KT NCEUECHNNUOU SUEDE UI UMP CEP I CT TTD 
Quantity Value Quantity Value 
Concrete aggregate 1,327 6,129 1,396 6,350 
Concrete product 412 2,085 539 2,588 
Asphaltic concrete aggregate 1,189 6,126 1,271 6,601 
Road DO — f unu arta le a 5,179 20,865 8,020 2,682 
Kil. ecto end c en a ON y UL ; 5,092 1,51 4,671 
Railroad ballast __ — - - —- - - -- ------------------—- 867 2,894 1,136 4,522 
Mineral wool_ | ----------------------——-—--——— 564 3,016 607 3,913 
Roofing, built-up and shingles -—-—------------------ 264 1,421 288 1,670 
Sewage treatmenteteeent «c W W 121 461 
Soil conditioning 2. gez W W 
Glass manufacturtr err 139 1,810 165 2,022 
0 10s uie ETE eh ie 469 1,560 224 701 
Total ene eg --- 12,380 50,999 15,825 66,289 


N. Withheld to avoid disclosing company proprietary data: included with Other.“ 
Value based on selling price at plant. 

Ancludes ice control, miscellaneous, and uses indicated by symbol W. 

Mata may not add to totals shown because of independent rounding. 


Table 6.—Granulated and expanded iron-blast-furnace slags sold or used! in the 
United States, by use 


(Thousand short tons and thousand dollars) 


1983 1984 
Uses Granulated Expanded Granulated Expanded 
Quantity Value Quantity Value Quantity Value Quantity Value 


Lightweight concrete aggregate nae "ps 302 3,180 NN S 229 2211 
Concrete products... Peces 237 1,993 "e D W W 
Cement manufacture 2) (3) W W (3) (3) W W 
Road base (?) (?) W W (?) (?) W W 
Soil conditioning (?) 2) W W (3) (2) W W 
Other s us 636 8,563 ae -" 1,228 16,871 

Total. a2 Sr (3) (3) 1,175 13,736 (3) à 1,452 19,142 


W. Withheld to avoid disclosing company proprietary data: included with Other.“ 
1Value based on selling price at plant. 

Included with “Expanded” to avoid disclosing company proprietary data. 

Includes miscellaneous and uses indicated by symbol W. 
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Table 7.—Steel slag sold or used! in the United States, by use 
(Thousand short tons and thousand dollars) 
us 1983 1984 
Quantity Value Quantity Value 
Asphaltic concrete aggregate 460 1,898 551 2,854 
PONENDO eens Ad er SENN Tee EATERY Ow 2,100 5,699 2,095 7,463 
J ³o²³ 8 1.133 3,598 1.037 3,230 
Railroad ballaeůe t 532 „863 W W 
))üõCbõõ ⁰K⁰¹o»AAAA Te AE 607 1,488 1.104 3,780 
)))))üö;ͥ d AA dd ĩðͤ ĩðͤ SEL 4,832 14,546 5,287 17,327 
W Withheld to avoid disclosing company proprietary data; included with Other.“ 
1Excludes tonnage returned to furnace for charge material. Value based on selling price at plant. 
2Includes ice control, miscellaneous uses, and use indicated by symbol W. 
Table 8.—Average value at the plant for iron and steel slags sold or used in the 
United States 
(Dollars per short ton) 
Iron-blast-furnace slag 
Year Air- Granu- Expanded . Total je p 
cooled lated pan iron slag 
öü;Üi ⅛¾7'ä mm. ee 3.82 3.81 6.94 4.01 2.64 3.67 
||; MENOR ⁵ð̊ ⁵ↄ ĩ ⁵ . EERTE 4.16 4.00 6.19 4.26 3.03 3.93 
] y 4.17 5.42 8.91 4.40 3.07 4.07 
;;ö;Ü;¹ũßx¶ ñĩ7ĩ́ww . 88 4.12 W 9.67 4.78 3.01 4.31 
1984 ³¹0Ü6¹vÜ¹—¹A.. ⁰y ee 4.33 W 11.49 5.09 3.28 4.66 


W Withheld to avoid disclosing company proprietary data. 


Table 9.—Average selling price and range of selling prices at the plant for iron and steel 
slags in the United States in 1984, by use 


(Dollars per short ton) 
Iron-blast-furnace slag Steel slag 
Use Air-cooled Granulated Expanded 
Average Range 
Average Range Average Range Average Range 
Concrete aggregate 4.54 1.79- 9.56 n e n "- oe — 
Lightweight concrete 
6 us See m ti 9.92 9.63-14. 85 a = 
Concrete products ___ 4.80 1.55- 9.34 um EM W Ja pun 
Cement manufacture W W W W W W MN 
Asphaltic concrete 
preferate AC 5.19 2.12- 8.49 zx -— 23 Xm 5.18  1.62-825 
base . 4.06 1.50- 6.75 W W "MT ed 2.87 .54-8.86 
Fil ene eee 3.08 1.77- 6.48 Sa e US = 3.11 .15-5.21 
Railroad ballast. .. — _ _ 3.98 2.00 7.44 IR AE n RCM 3.89 1.50-8.51 
Mineral HERY „ 6.45 2.6 1-10.35 ud sm esum 2a eum Eu 
Roofing, built-up 
and shingles 5.90 2.00-15.00 E oo e a is E 
Sewage treatment 8.79 3.57 4.84 an ane ne cs TP s 
Soil conditioning 3.25 2.36- 4.85 £d. "S 
Glass manufacture 12.26 10.00-15.00 "Y m S — s M 
C7... MN NS 3.13 1.73- 5.63 AN 8 W W W 


W Withheld to avoid disclosing company proprietary data; included with Other.“ 


Digitized by Google 


Sodium Compounds 


By James P. Searls! 


The U.S. soda ash industry was essential- 
ly unchanged from that of 1983 in both 
production and apparent consumption. Con- 
tinued improvements in the world economy 
and an estimated decrease in the price of 
soda ash provided improved demand in 
most end uses, excluding the glass container 
industry. Profitability for the domestic pro- 
ducers, however, was not improved. 

The U.S. sodium sulfate industry pro- 
duced slightly more product, while con- 
sumption declined by 4% and stocks in- 
creased accordingly. One producer was 
forced to shut down in May because of the 
flooding of its solar evaporation ponds. The 
shutdown could last several years. 

Domestic Data Coverage.—Domestic pro- 
duction data for soda ash and sodium sul- 
fate are developed by the Bureau of Mines 
from monthly and annual voluntary sur- 


veys of U.S. operations. Of the eight soda 
ash operations and four natural sodium 
sulfate operations to which a survey request 
was sent, all responded, representing 10096 
of the total production data shown in table 
1. Several soda ash operations did not re- 
port sales value on these forms; the value of 
production was estimated for these oper- 
ations. 

Legislation and Government  Pro- 
grams.—Minor leasing rule changes for so- 
dium and other solid minerals other than 
coal and oil shale were announced by the 
Bureau of Land Management, U.S. Depart- 
ment of the Interior. The Environmental 
Protection Agency released a final ruling 
that soda ash and sodium sesquicarbonate 
were to be added to the list of generally 
recognized as safe materials for the drying 
of freshly cut hay. 


Table 1.—Salient sodium compound statistics 
(Thousand short tons and thousand dollars) 


Consumption, apparent 
World: Production 


*Estimated. Preliminary. 


Soda ash Sodium sulfate 
1983 1984 1983 1984 
ae 8,467 8,511 855 872 
ie *$685,100 *$611,000 $79,772 $80,433 
E 1,636 1,648 9 16 
t $154,584 $160,774 $11,380 $9,587 
NE 20 17 3 265 
pn $2,104 $2,301 $27,921 $21,198 
ed 3307 3322 *48 *59 
AA 6,868 6,864 1,089 1,050 
ee 231,291 €31,499 P4,410 €4,364 


1Includes natural and synthetic. Total production data for sodium sulfate obtained from the Bureau of the Census. 
The value for soda ash includes synthetic soda ash. The value for synthetic sodium sulfate is based upon the average 


value for natural sodium sulfate. 
Includes synthetic soda ash. 
*Natural only. 


DOMESTIC PRODUCTION 


Sodium Carbonate.—The natural and 
synthetic industry produced slightly more 


soda ash than in 1983 and operated at 76% 
of total nameplate capacity. About 11.7 


839 


840 


million short tons of trona was mined in 
Wyoming in 1984 to produce the natural 
product. Over the past several years, all of 
the trona mining firms in Wyoming have 
been slowly reducing the work force and 
operating costs by various measures in at- 
tempts to maintain profitability. The FMC 
Corp. received a permit from the Wyoming 
Environmental Quality Council in March 
1984 to develop a commercial trona solution 
mine. The company had experimented with 
the solution mining technology as it applies 
to trona mining for several years with a 
significant decrease in production costs as 
its goal. The Allied Chemical Co. sodium 
bicarbonate facility at the Syracuse, NY, 
synthetic soda ash plant was sold to Church 
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& Dwight Co. at yearend 1984. 

Sodium Sulfate.—The domestic natural 
industry produced slightly more salt cake 
than in 1983 and operated at nameplate 
capacity for the year. The Great Salt Lake 
Minerals & Chemicals Corp. ponds were 
flooded on May 5 by a breach in their outer 
dike. The company, protected by insurance 
against such an occurrence, was not shut 
down permanently. The company's capabili- 
ty to produce salt, sulfate of potash, and 
magnesium chloride bitterns was lost prob- 
ably for several years, owing to the dissolu- 
tion of pond bottoms and the dilution of the 
1983 solar concentrates. Salt cake, however, 
was produced by the company during 1984. 


Table 2.—Producers of soda ash and natural sodium sulfate in 1984 


Plant nameplate 
Product and company capacity Plant location Source of sodium 
(thousand short tons) 
Soda ash, natural: 
Allied Chemical co 2,200 meen River, Underground trona. 
FMC Corp. ial C oö 2,850 5 Do. 
Kerr-M Chemical Cordʒdd ..- 1.300 Argus, CA Dry lake brine. 
777%GõöÜͤ00VV0—V—V—d utu 150 Westend, CA Do. 
Stauffer Chemical Co. of Wyoming 1,960 Green River, Underground trona. 
Tenneco Minerals Ooodoodl 1,000 „ Do. 
Texasgulf Chemicals ko 1.000 Granger, WV Do. 
Soda ash, synthetic: 
Allied Chemical Co!! 700 Syracuse, NY_ Ammonia-soda 
process. 
"Totals cu AA eus 11,160 
Sodium sulfate: 
Great Salt Lake Minerals & Chemicals Corp.? 40 Ogden, UT .. Salt lake brine. 
Kerr-McGee Chemical Corp - - - --------- 225 Westend, CA Dry lake brine. 
Ozark-Mahoning Coo 10 Brownfield, Subterranean brine. 
Do -----------------------—- 100 Seagraves, TX Do. 
S —ÓÓ M —ÁÓM i em 435 


1Plant was downrated from 900,000 tons per year in Jan. 1982. 


?Solar ponds were flooded May 5, 1984. 


Table 3.—Synthetic and natural sodium carbonates produced in the United States 
(Thousand short tons and thousand dollars) 


ee 
a as : 
: Natural sodium 
Year (ammonia- carbonaieat Total 
soda 1 quantity 
process) 
Quantity Quantity Value? 
1980 css eres pees Z ee W W 168,168 8,275 
T981 Ll ges ada ae ee ea W W 787,469 281 
JJ. y 8 W W 721,257 7,819 
JJ. ͥ ³⁰ͤ——!!.. a Ae eine ek eNO W W *685,100 8,467 
1984 Sb ue een y i eM W W e611, 000 8,511 


*Estimated. W Withheld to avoid disclosing company proprietary data. 
‘Includes quantities used to manufacture caustic soda, sodium bicarbonate, and finished light and dense soda ash. 


2Soda ash and trona (sesquicarbonate). 
Includes value for synthetic soda ash. 
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Table 4.—Synthetic and natural sodium sulfate’ produced in the United States 
(Thousand short tons and thousand dollars) 


Year 


W Withheld to avoid disclosing company proprietary data. 


1All quantities converted to 100% Naa2SO, basis. 


84] 
Synthetic and natural? 
(quantity) Natural 
Lower 
urit High : 
99% y Sarity Total* Quantity Value 
less) 
676 464 1,139 583 36,389 
666 445 1,111 608 43,186 
463 401 864 W W 
427 427 855 423 39,425 
444 428 872 435 40,125 


2Current Industrial Reports, Inorganic Chemicals, Bureau of the Census. 


Includes Glauber’s salt. 


*Data may not add to totals shown because of independent rounding. 


CONSUMPTION AND USES 


The trends that were noted in 1983 con- 
tinued and probably indicated that funda- 
mental structural changes in the end uses 
of both soda ash and salt cake were occur- 
ring. 

Soda Ash.—Sales to glass container pro- 
ducers continued to decline as soft drink 
bottlers responded to the customer prefer- 
ence for soft drinks in large, 2-liter, poly- 
ethylene terephthalate (PET) bottles. Indus- 
try estimates put the glass container mar- 
ket share at about 40% of the soft drink 
market, down from 60% in the late 1970’s. 
The plastic bottle market share was put at 
about 25% with aluminum cans controlling 
the rest of the market.? The U.S. Depart- 
ment of the Treasury, Bureau of Alcohol, 
Tobacco, and Firearms, was allowed by the 
Supreme Court to approve the use of PET 
containers for the retail sale of liquor. 
Wine, fruit juices, and ketchup were some 
of the consumer products newly retailed in 
PET bottles. Otherwise, the demand for 
soda ash for many end uses increased at 
moderate, though continuous, rates. There 
was increasing interest in the use of trona- 
or nahcolite-derived compounds for flue gas 
desulfurization. The interest appeared to 
be centered in the Southwestern United 


States where the sources of trona or nahco- 
lite are situated, ensuring a relatively low 
delivered cost in comparison with that of 
calcium carbonate compounds. Because of 
the natural aridness of the region, the 
higher solubilities of the sodium-based over 
calcium-based end products would not be as 
hazardous to the surface and ground water 
supplies as in less arid regions. 

Salt Cake.—Apparent consumption de- 
clined slightly owing to decreases in con- 
sumption in both the kraft paper and glass 
bottle industries. The substitution by caus- 
tic soda and emulsified sulfur for salt cake 
in the kraft paper industry continued as the 
industry found it useful to decouple the 
ratio of sodium to sulfur and supply each 
batch with each element as required. 
Announced price increases for both caustic 
soda and sulfur did not result in a signifi- 
cant increase in the demand for salt cake. 
The substitution of plastic bottles for glass 
bottles in the soft drink market depressed 
the demand for salt cake slightly. The 
consumption of salt cake as a filler in 
powder detergents declined because some 
formulations were converted to contain 
slightly more soda ash and less salt cake. 
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Table 5.—Estimated consumption of soda ash in the United States, by end use 


(Thousand short tons) 
End use 1983 1984 

Glass: 
Bottle and container . -2 nn LLL LLL Le 2,400 2,300 
|) | OR REN ⁵ ˙iU ⁵⁵ r.. ORE RECN Set y ⁊è d ß 575 600 
)J! ³» D ea es BIR sy he ak hice ' x UESTRE 230 250 
% ³˙Ü.üſ ort enc der eene ꝛð— mn AA 245 250 
7·Ü˙ u ⁵]A3ü ]o iin ³⁰¹·—-w»- eC 3,450 3,400 
Chemicals ~~~ ___ r d 1,400 1,550 
Soaps and detergents - - onc ð rm 8 620 600 
FU ³o· und Sede ad Lo Lx ueteri Leo ids Bae 200 250 
Water and stackgas? -2222222222222222 230 600 
Oer oa ri AP r K x 968 464 
Totali. uiri ↄ ²¾ CT CEP ]0ĩÜe6ẽꝗĩ² :mſ. %¾ EU UN AS a Ad 3,418 3,464 
Fh ³o- / ee RUNS nac ] é ³ð ee ie LAE LEE 6,868 6,864 


Included only water treatment in 1983. 
2Includes soda ash used in petroleum and metal refining, leather tanning, enamels, etc. 


STOCKS 


Soda Ash.—Yearend stocks of finished Salt Cake.—Yearend stocks of natural 


product in plant silos, warehouses, termi- 
nals, and on teamtracks increased about 5% 
and represented about 2 weeks of average 
production. 


product—excluding synthetic product 
stocks—increased 23% and totaled about 
3-1/2 weeks of average production. 


PRICES 


Soda Ash.—Continued low demand levels 
relative to the supply of natural soda ash 
kept prices relatively low. Individual pro- 
ducers announced list price increases 
through reductions of the temporary volun- 
tary allowance through the year and appar- 
ently were able to make such moves effec- 
tive as gradual increases. The average an- 
nual value of bulk natural soda ash, f. o. b. 


Green River, WY, and Searles Valley, CA, 
was not available from all producers; the 
industry average value was estimated to be 
approximately $6" per ton. 

Salt Cake.—The average annual value of 
bulk natural product, f.o.b. mine or plant, 
as reported by producers, was $92.16 per 
ton. 


Table 6.—Sodium compounds yearend prices 


Sodium carbonate (soda ash): 
Light, paper bags, carlots, works 
Light, bulk, carlots, works 
Dense, paper bags, carlots, works 
Dense, bulk, carlots, works 

Sodium sulfate (100% NaaSO4): 

Technical detergent, rayon grade, bags, carlots 
Sodium sulfate, bulk, carlots, works! 
Domestic salt cake, bulk, works! 
National Formulary (N.F. XID, drums 


1983 1984 
5 per ton. _ $150.00 $150.00 
Nen. Ere do- 123.00 123.00 
F do- 120.00 120.00 
F do— 69.00 90.00 
d peces Ee do... $90.00- 96.00 $90.00- 96.00 
V do____ 113.00 114.00 113.00- 114.00 
F do- 47.00- 53.00 47.00. 53.00 
PPM per pound. _ .235 235 


East of Mississippi River. 


p. 27. 


Source: Chemical Marketing Reporter. Current Prices of Chemicals and Related Materials. V. 226, No. 27, Dec. 31. 1984. 
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FOREIGN TRADE 


Soda Ash.—According to the Bureau of 
the Census, exports were about the same as 
the 1983 level. About 19% of domestic 
production was exported to market econo- 
my countries and developing nations for the 
manufacture of glass, chemicals, deter- 
gents, and miscellaneous products. The re- 
gional export distribution was Asia, 50%; 
Latin America, 30%; Canada, 8%; Africa, 
7%; Europe, 4%; and Oceania, 1%. Compar- 
ed with that of 1983, shipments to Asia, 
Canada, and Europe rose, while shipments 
to Africa, Latin America, and Oceania fell. 
The reorganized soda ash exporting group, 
operating under the Webb-Pomerene Act, 
commenced as the American Natural Soda 
Ash Corp. with offices in Westport, CT. A 
provisional antidumping duty of European 


i h R Sodi bonate Sodi ulfate 
Credit Unit: (Ecu) 44.34 per metric ton was Year — — — 
imposed in August by the European Eco- Quantity Value:  Quentity- Value 
nomic Community (EEC) Commission on 1911 1051 121,107 124 12,980 

| | : 1982 _____ 1,109 140,616 11 12,162 
imports of U.S. soda ash into any of the EEC c MEER 1636 — 154584 9] 11.380 
member countries. The duty was in addition 19814 1648 160,774 16 9,587 
to the Ecu24.37 per metric ton antidumping f 
duty imposed in March 1983. Peery ee 

Salt Cake.—Exports dropped because Source: Bureau of the Census. 
Table 8.—U.S. imports for consumption of sodium sulfate 
(Thousand short tons and thousand dollars) 
7 Crude (salt cake)! Anhydrous Total? 

ear eee 

Quantity Value? Quantity Value? Quantity Value? 

ͤõͤõĩ[⁵² ů eye et 136 8, 038 139 11,097 275 19, 135 
T NND ay ene egal RNC 210 13,820 184 14,988 394 28,758 
»»» sg pk ee oe MERE 144 105312 199 17,609 343 27,921 
119. ys uten se ae eae n 61 4,223 204 16,975 265 21,198 


the high relative value of the U.S. dollar 
deterred importing countries from buying 
U.S. salt cake. Imports dropped between 
1982 and 1984, because domestic consump- 
tion declined relative to domestic capacity. 
Imports, coming from relatively expensive 
natural sources in Canada and Mexico, 
appear to have been displaced by output 
from byproduct producers. Byproduct pro- 
ducers, such as rayon and chrome salt 
producers, were more flexible in their pric- 
ing. 


Table 7.—U.S. exports of sodium carbonate 
and sodium sulfate 


(Thousand short tons and thousand dollars) 


! Includes Glauber's salt as follows: 1981—30 tons ($13,800); 1982—2 tons ($1,241); 1983—3 tons ($1,648); and 1984—12 


tons ($4,997). 
C. i.f. U.S. port. 


Source: Bureau of the Census. 


Table 9.—U.S. imports for consumption of sodium carbonate 


Sodium carbonate, calcined _ - -— - --------------—- 
Sodium carbonate, hydrated, and sesquicarbonate 


f Sch at aaa yt Le dr se 


1C.i.f. U.S. port. 
2Less than 1/2 unit. 


Source: Bureau of the Census. 


1983 1984 
Quantity Value! Quantity Value! 
(short (thou- (short (thou- 
tons) sands) tons) sands) 
S 19,991 $2,703 16,659 $2,292 
Moe EE ENT (3) 1 5 9 
eR eer 19,991 2,704 16,664 2,301 
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WORLD REVIEW 


Australia.—Denison Resources Lit d., 
Poseidon Ltd., and Adelaide Brighton Ce- 
ment Holdings agreed to study the Denison 
Trough in southwest Queensland for possi- 
ble sodium commodities production. Soda 
ash, sodium bicarbonate, and caustic soda 
were the main products of interest. The 
proposed caustic soda production could be a 
source of supply to a large alumina plant on 
the northeast coast of Australia. The Gov- 
ernment commenced an antidumping inves- 
tigation concerning imports of U.S.-pro- 
duced soda ash. 

Botswana.—British Petroleum Botswana 
Ltd. finished its feasibility study for soda 
ash production at the Sua Pan brine deposit 
in the Makgadikgadi Basin in northeastern 
Botswana and began test operations using 
the Kerr-McGee Chemical Corp. technique 
of brine carbonation to precipitate crude 
sodium bicarbonate. Production at this site 
appears to be favored over a Solvay plant on 
the south coast of the Republic of South 
Africa for the supply of soda ash to the 


region, even with the complete lack of 
infrastructure around the deposit. 

Thailand.—The soda ash project that the 
Government of Thailand had proposed as its 
part of the Association of Southeast Asian 
Nations regional development program was 
postponed in the spring because of the low 
delivered price of U.S. natural soda ash. 
Exports from Thailand would have to com- 
pete with the U.S. natural product, which 
did not seem feasible. The project backers 
resubmitted a scaled down version of the 
project to the Government in the fall. 

Turkey.—Under an agreement with Eti- 
bank, the state mining organization, the 
trona reserves at Heypazari, near Ankara, 
were under study for potential development 
by FMC. 


Physical scientist, Division of Industrial Minerals. 
*Chemical Week. Plastic Containers—Now Even the 
Glassmaker Choice. V. 135, No. 11, Sid 155 1984, pp. 46-48. 
An Ecu is a basket of 10 European Eco mic Communi- 
1y member currencies. For 1984, . u1.261919 = US$1.00, or 
ul.00 = US$0.78903. 


Table 10.—Sodium carbonate: World production, by country! 


(Short tons) 
Country 1980 1981 1982 19835 1984˙ 

AI ³ĩð2Aů eerie I D Le 21,600 21,600 21,600 21,600 21,600 
Australia 330, 000 330, 000 330, 000 330,000 330,000 
All 190,000 190,000 190,000 190,000 165,000 
Belgium e i Ame 360,376 300,931 361,170 *282,600 600 
Brazil coat oS Sis eh e lo oi cue. e 194,007 207, 234 €210,000 €210,000 210,000 
Bulgarie 222 1, 629, 977 1,618,948 1,607,940 1,400,918 1,610,000 
Canadá 2 al bn ⁵ ²]. 9 . 8 500 000 500, 000 410,000 400,000 
Chad ^... onu uL ee us 8,800 5,500 5,500 NA NA 
))) n eoi u i 12,000 11,000 NA NA NA 
f e uites 1,718,026 71,821,016 1,911,406 1,976,442 2,070,000 
Colombia oA iei 137, 380 1183, 226 122, 136 130,392 130,000 
Czechoslovakia... 2222 222222222 135,192 130,293 117,313 104,694 110,000 
Denmark 148 164 e165 e165 165 
Bi INA SHMUNCUAUUM 20,777 25,754 45,496 41,399 45,000 
France? ___________________________ 41,719,824 1,765, 000 1,765,000 1,650,000 1,600,000 
German Democratic Republic_____________ *954.600 967,828 2237 977,749 980,000 
Germany, Federal Republic of... 71,555,359 11,310,647 1,218,053 1,842,614 1,320,000 
Greece? _________________________e_ 1,1 1,100 1,100 1,100 1,100 
Indis sno C A EE n A LE) 578, 320 e676, 000 646,836 820,481 790,000 
(Tip V "---——————— 105,000 105,000 100, 95,000 100,000 
r e LR Aue eR er ELE 1,494,107 1,298,185 1,281,323 1,216,265 1,150,000 

ö ¼ eů yd 86 616 275, 578 176, 855 213, 506 220, 
Korea, Republic ja 244,625 222,736 204,666 254,193 *213,292 
Mexicoů ))) 447,538 442,026 429,901 *440,000 440,000 
Netherlands®_______________________ 460,000 460,000 460,000 460,000 440,000 
NOP WEY ---------------------———— 29,800 29,800 29,800 29,800 
PAKISUA E ooo ³ 84,878 1106, 267 118,157 115,414 115,700 
Poland 205 oes ee hs ³ A a 839,960 771,617 822, 323 406 880, 000 
Pritt mms 195, 000 190, 190,000 180,000 165,000 
Romania: ß con t 1,082,865 F1,020,739 959,010 * 940,000 940,000 
BSP / ³ A to aoe du 550,000 550,000 550,000 610,000 
Sweden 11,100 71,100 71,100 71,100 1,100 
Switzerland _______________________ ,000 51,000 51,000 50, 49,000 
BIWBIL c uisu tii LL 102,008 79,437 65,279 103,419 118,000 
Turkey®__________________________ 65,000 65,000 65,000 442 808 45,000 
USSR ge a ee 8 5,269,042 5,351, 291 5,250,303 5, 620, 679 5,700,000 
United Kingdom* ____________________ 1,500,000 1,430,000 1,430,000 1,430,000 1,430,000 


See footnotes at end of table. 
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Table 10.—Sodium carbonate: World production, by country! —Continued 


(Short tons) 
Country 1980 1981 1982 1983P 19845 
United States 8,275,230 8,281,495 7,819,083 8,467,118 48,511,359 
Yugoslavia _———----------------—--—— 142,274 162,212 200,488 €210,000 205,000 


l ——— —— EA 31,246,529 "30,971,660 30, 236,240 31,290,862 31,498,716 


*Estimated. PPreliminary. "Revised. NA Not available. 

1Table includes data available through May 28, 1985. Synthetic unless otherwise specified. 
2Natural only. 

3Production for sale only; excludes output consumed by producers. 

*Reported figure. 

Includes natural and synthetic. 


Table 11.—Sodium sulfate: World production, by country! 


(Thousand short tons) 
Country? 1980 1981 1982 1983P 1984* 
Natural: 

Argentina 42 57 47 50 50 
, os oe sy ee ue 530 590 603 500 427 
;ö' %˙˙ oe et ete Sie een 1 (4) 1 1 1 
BOYD 22 See ee mmm ee d R 3 e3 3 2 2 
Ill ³ĩð EL aie 10 11 1] 113 13 
Meese ee ee ee 410 467 141 r C165 165 
South Africa, Republic fzg _ 14 5 3 1 ($) 
SDAIN: e ned w e Seu aL. 172 T207 232 345 353 
C Sh LL iie 97 73 12 59 61 
U.S.S.R. unns MEeue ness 386 386 391 397 397 
United States! 583 608 TW 423 8435 

r.. é 2,248 r2 407 1,510 1,956 1,904 

Synthetic: 

Austria®________________________ 61 61 61 61 55 
Belgium? _______________________ 276 276 276 276 276 
COVA at c e mds 8 77 64 52 51 55 
Finlande 50 50 50 50 50 
France L dd 8165 165 165 1165 165 
German Democratic Republic 1137 1141 157 168 171 
Germany, Federal Republic of 248 281 236 138 132 
Gree cee — 12 12 13 14 13 
Hungary" 7 ĩð K IDEEN 11 11 11 11 11 
II emi ðͤ K es Bie 7110 T99 T94 T99 99 
Japan no en ue AAA 8 343 314 282 287 312 
Netherlands 55 55 55 55 50 
POFtügal —— e Se 88 58 64 *63 *62 55 
JJöÜöÄÜ ³ k LE te 193 193 187 187 187 
Sweden nk —⁴¹ 116 116 116 116 116 
USSR f oe Eme E 276 276 276 276 276 
United States:! 556 503 7864 432 8431 

ff! e 12,744 12,681 2.958 2,454 2,460 

Grand total ___________________ 14,992 15,088 4,468 4,410 4,364 


Estimated. Preliminary. Revised. W Withheld to avoid disclosing company proprietary data. 
Table includes data available through May 28, 1985. 
2In addition to the countries listed, China, Norway, Poland, Romania, Switzerland, and the United Kingdom are known 
to or are assumed to have produced synthetic sodium sulfate, and other unlisted countries may have produced this 
commodity, but production figures are not reported, and available general information is not adequate for the 
formulation of reliable estimates of output levels. | 
Natural mine output, excluding byproduct output from the nitrate industry, which is reported separately under 
"Synthetic" in this table. 
Less than 1/2 unit. 
5Series reflects output reported by Industrias Penoles S.A. de C.V., Mexico's principal producer, plus an additional 
22,000 short tons (estimated) by a smaller producer. 
®Conjectural estimates based on 1968 information on natural sodium sulfate and general economic conditions. 
Natural sodium sulfate included with synthetic sodium sulfate production. 
5Reported figure. 
9Byproduct of nitrate industry. 
10Quantities of synthetic sodium sulfate credited to Spain are reported in official sources in a way such as to indicate 
that they are in addition to the quantities reported as mined (reported in this table under Natural“), but some 
duplication may exist. 
1Derived approximate figures; data presented are the difference between reported total sodium sulfate production 


(natural and synthetic not differentiated) and reported natural sodium sulfate sold by producers (reported under 
"Natural" in this table). 
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Crushed Stone 


By Valentin V. Tepordei! 


A total of 956 million short tons of crush- 
ed stone valued at $3.8 billion, f.o.b. plant, 
was estimated to have been produced in the 
United States in 1984, an increase of 1196 
over the 1983 production. This tonnage is 
the sixth largest production ever recorded 
in the United States and is only 13% below 
the record high production of l.l billion 
tons reported in 1979. About three-quarters 
of crushed stone production continued to be 
limestone and dolomite, followed by granite, 


traprock, sandstone and quartzite, shell, 
marl, volcanic cinder, marble, and slate, in 
order of volume. 

Foreign trade in crushed stone remained 
relatively minor. Exports decreased 146 to 
2.4 million tons; total imports for consump- 
tion increased 21% to 3.2 million tons. 
Limestone represented 92% of the exported 
and 56% of the imported crushed stone. 
Apparent consumption of crushed stone was 
957 million tons. 


Table 1.—Salient U.S. crushed stone statistics 
(Thousand short tons and thousand dollars) 


1980 1981 1982 1983 1984 
Sold or used by producers: 
Quantity! ~.-____________________ 983,500 872,600 €790,030 861,600 *956,000 
III/. e eL a $3,265,800 $3,125,000  *$2,918,300 "$3,327,000 83,755,600 
Exports (value)))))))))) 239 $25,949 $19,026 $23,021 $23,970 
Imports for consumption (value) _ $13,900 $13,473 $16,382 T 2$12,610 2$11,543 


*Estimated. "Revised. 


Does not include American Samoa, Guam, Puerto Rico, and the Virgin Islands. 


2Excludes precipitated calcium carbonate. 


Domestic Data Coverage.—To reduce the 
Federal Government's paperwork and costs, 
as well as the respondents' reporting bur- 
den, the Bureau of Mines implemented new 
canvassing procedures for its stone surveys. 
Beginning with 1981 data, the complete 
survey of crushed stone producers is con- 
ducted for odd-numbered years only. 

For even-numbered years, the annual 
preliminary survey, which collects only to- 
tal production information on a sample 
basis, is used to generate annual estimates 
at the State level. This survey canvasses 
most of the large companies in each State 
producing up to 7595 of the State total 
tonnage. The production estimates for 1984 
may be revised in the 1985 crushed stone 


chapter, if additional information is fur- 
nished by the producers at that time. 

Legislation and Government Pro- 
grams.—In March, the U.S. Congress ap- 
proved 6-month Interstate Cost Estimate 
legislation that gives the U.S. Department 
of Transportation authority to disburse the 
collected Federal Highway Trust Fund to 
the States' construction funds. The action 
was 6 months late and released only one- 
half of the funds already available in the 
Trust Fund. Most of these funds are being 
used for highway construction and repair 
work, and, therefore, their late release im- 
pacted to some extent on the demand for 
crushed stone. 
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DOMESTIC PRODUCTION 


The production estimates indicate that in 
1984 the output of crushed stone increased 
in every geographic region. The South At- 
lantic region continued to lead the Nation 
in the production of crushed stone with an 
estimated 249 million tons or 2696 of the 
U.S. total. Next was the East North Central 
region with 16% of the total, followed by 
West South Central with 14%. 

Crushed stone was produced in every 
State except Delaware and North Dakota. 
The 10 leading States in the estimated 
production of crushed stone, in order of 
volume, were Texas, Florida, Pennsylvania, 
Illinois, Virginia, Georgia, Missouri, Cali- 
fornia, Ohio, and North Carolina. Their 
combined production represented 54% of 
the national total. Production increased in 
36 States, including all of the top 10. The 
increases were significant in the following 
major producing States: Florida, Ohio, Ten- 


nessee, Texas, and Virginia. Iowa was the 
only large producing State that showed a 
decrease in output. 

In November, Lone Star Industries Inc., 
the fourth largest U.S. producer of crushed 
stone, sold its Florida aggregates operations 
as well as its ready-mixed concrete and 
concrete block plants to Tarmac PLC of 
Wolverhampton, United Kingdom. 

In the second half of 1984, the Executive 
Committees of the Boards of Directors of 
the National Crushed Stone Association 
and the National Limestone Institute ap- 
proved the consolidation of the two trade 
associations into one organization called the 
National Stone Association. After the merg- 
er, scheduled for January 1, 1985, the new 
organization will be the sole trade associa- 
tion representing the crushed stone indus- 
try. 


Table 2.—Crushed stone sold or used in the United States, by region 


(Thousand short tons and thousand dollars) 


5 1983 1984* 
Region 
Quantity Value Quantity Value 
Northeast: 
New England S 19,535 98,683 21,650 108,300 
Middle Atlantic 195,815 432,121 102,800 438,000 
North Central: 
East North Central |... 138,765 485,149 157,600 561,000 
E: West North Central 793.912 327,832 96,200 347,500 
uth: 
South Atlantic _________________ 7214,622 1905,892 248,800 1,077,800 
East South Central |... 86,186 T329 166 97,500 375,300 
West South Central T119,400 1393,097 134.000 465,300 
est: 
Mountaiiun nnn 26,776 199,509 28,050 108,700 
Fei: ⅛ 66,635 254,936 69,400 267,700 
rr RR ™861,600 "3,327,000 956,000 3,755,600 


*Estimated. ‘Revised. 


1Data may not add to totals shown because of independent rounding. 
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Table 3.—Crushed stone sold or used by producers in the United States, by State 


(Thousand short tons and thousand dollars) 


Alabama |. . . ... ..... . ... 
Alaska . 


Arizona |... . .. ..... Lah oh ae 


Arkansas EM ee ek ee ee 8 


California 
Colorado e NO eee 


Connecticut __..__....._...._...222 S Lus 


Illinois )))) ĩͤ K BL Tee eee 
Indiana 7% ͤĩð71?[¹ë y ß Se 


Iowa 


Kansas |... s A "NEC EE RME eee 

Kentucky «uu sopa 88 EM 
Louisiana „ ù ẽ rn « ↄ U ß KK 
Maine ))) w MH 


Mariens 88 


Massachusettt?e?szss 0 0020 os 2228. 
Michigan. . | ...... MS F 
Minnesota _____ | 3 ò TORRE 


Mississippi 


Missouri __..___. . | .... 2.2222 522222- 


Montana JJ Ä 
Nebraska ... 
Nevada |. |... . |... . ..... 
New Hampshire 


New Jersey- yr MO NOME PME 


New Mexico . |  .. EN 
New Vork m a ae es 
North Carolina 
Ohio 


Oklahoma .... . /%%%EEã ã ĩ5ðù ðòâ ĩ ᷣͤ E 
Oregon V2 y Rg 
Pennsylvania 2222ͤͤĩ ] ⅛ ͥ“ 8 

RhodeIsland |.  .. |. . ee 2.2... 2 . 
South Carolina 3 T8 
South Dakota ...... PAS 
Tennessee ____________._- seen MR Ae eee 
POR AS x ne MH ³ 0m K Lok 
Utah. _ ____. ML fe Nt pak 0 gd ee 
Vermont. me 8 eee ae 
Virginia __-_____________.... HAMSTER ae 
Washington __ nn 


West Virginia 


// ˙ A ð 
r e eut gy Gua qp Ca arene. 


*Estimated. Revised. 


1Data may not add to totals shown because of independent rounding. 


FOREIGN TRADE 


Exports.—Exports of crushed stone de- 
creased 1% to 2.4 million tons, while the 
value increased 4% to $24 million; of this, 
92% was limestone, of which 96% went to 
Canada. 

Imports.—Imports for consumption of 
crushed stone increased 28% to 2.9 million 
tons and 41% in value to $15.1 million. 
About 56% of this tonnage was limestone, 
1296 of which came from Canada. 


1983 19842 

Quantity Value Quantity Value 
20,558 95,374 22,000 98.500 
1,981 9,460 2,500 10,800 
4,155 24,079 5,200 21,300 
13,448 51,267 15,200 59,800 
35,582 146,289 38,600 158,000 
6,790 22,149 1,200 26,200 
1,692 45,890 8,300 49,400 
2 51,282 235,100 68,500 290,000 
41,100 T186,193 45,900 220,000 
5,532 29,703 5,400 29,700 
1,935 7,480 1,800 7,100 
a 42,761 166,860 48,500 191,600 
24,051 82,782 26,700 99,400 
24,844 101,097 23,800 100,000 
nk 712,687 145,121 13,600 48,500 
33,399 117,842 37,300 133,000 
— 5,758 25,702 4,100 19,500 
m 848 2,851 1,300 4,400 
19,284 80,429 22,100 94,000 
7,740 36,002 8,400 39,000 
24,763 82,152 28,100 92,000 
8,580 25,320 8,900 25,800 
1,651 4,377 2,000 5,800 
39,454 120,700 41,600 137,000 
p 872 12,320 950 2,400 
14.442 122,612 4,500 23,400 
- 1,269 5,358 1,100 4,700 
— 946 2,853 850 2,700 
82 12,301 70,421 13,500 75, 000 
4,730 715,118 4,700 17,000 
731,991 134,752 33,100 135,000 
- 33,694 7145,001 38,100 168,000 
D 32,937 114,059 38,500 139,000 
e 23,865 16,941 25,500 86,000 
£ 13,089 739.873 12,500 37,500 
er 51,523 226,948 56,200 228,000 
E 971 5,907 1,000 5,800 
PA 15,786 61,054 17,900 72,500 
— 3,906 12,982 3,800 12,800 
e 30,578 1111,573 36,200 138,000 
it 176,328 239,187 89,200 300,000 
om 4,407 14,636 5,200 16,400 
s 1,339 5,519 1,800 7,000 
: 738,036 7159,553 47,200 196,000 
= 10,451 29,607 10,400 31,700 
CRS 9,439 37,962 9,100 37,300 
Di 14,252 39,896 15,800 45,000 
dir 2,019 1,169 1,900 7,600 
Dl "861,600 13,327,000 956,000 3,155,600 


Imports of calcium carbonate fines de- 
creased 24% to 292,000 tons, while the value 
increased 30% to $2.5 million. Of the natu- 
ral calcium carbonate (aragonite), 99% came 
from the Bahamas, while most of the proc- 
essed calcium carbonate was imported 
from France, Japan, and the United King- 
dom. Precipitated calcium carbonate is no 
longer included in this chapter. 
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Table 4.—U.S. exports of crushed stone, by destination 
(Thousand short tons unless otherwise specified) 


NM Quartzite Limestone! Other Total? 
Destination —— —— ———— [—ä—— 
1983 1984 1983 1984 1983 1984 1983 1984 
North America: 
Canada |... 2-2-2-2- 3 1 2,244 2,098 77 78 2,324 2,177 
Mexico i. 1 ee (3) 19 17 19 18 
Other D (3) D 1 m 2 9 3 
Total? |. ..... 3 1 2,244 2,099 96 97 2,343 2,197 
South America: 
Venezuela c "S 39 15 1 1 40 75 
Othernrr m (3) 3 5 4 (3) 7 5 
Total __________ "S (3) 42 80 5 1 47 81 
Europe: 
France_____________ 1 79 on 2 2 8 3 87 
Netherlands 1 (3) "nes m I (3) 1 1 
Switzerland m L 3 (3) — (3) 3 (3) 
United Kingdom (3) (3) x (3) 6 1 6 1 
Other 2 1 (3) (3) (3) 1 2 2 
Total? _________. 3 80 4 (3 9 11 16 92 
d ec suf eh ee dak 1 2 EM (3) 3 2 6 4 
Oceania |... 2- -L o a 1 3) 1 3 2 3 
Middle East and Africa = (3) I 3 = 1 1 1 
Grand total?______. 7 83 2,291 2,179 115 114 2,413 2,378 
Total value 
thousands_ _ $1,884 $2,853 $14,837 $15,537 $6,300 $5,581 $23,021 $23,970 


1Includes ground limestone. 
2Data may not add to totals shown because of independent rounding. 
3Less than 1/2 unit. 


Table 5.—U.S. imports for consumption of crushed stone and calcium carbonate fines, 
by type 


(Thousand short tons and thousand dollars) 


1983 1984 
Type 
Quantity ree Quantity ond i 
Crushed stone and chips: 
Limestone_________.._________ _ 1,367 7,952 1,645 10,646 
Marble, breccia_______~__________ 29 310 2 181 
Qüartzite m eee ce "14 245 64 945 
Slate 2.252 T0000 ta te 2 10 4 
Other ³ꝛ¹iꝛA mf y tt MEE 869 2,200 1,202 3,251 
Toal casee ae Ae tende r2 279 10,709 2,923 115,071 
Calcium carbonate fines:? 
Natural aragonite? |... |. 315 943 275 710 
Chalk, whiting ___________..__ __ 9 958 17 1,761 
Total no n Lum 1384 71,901 292 2,471 
Grand total?____________..___ '2 663 712,610 3.215 117,543 


"Revised. 

1Data do not add to total shown because of independent rounding. 
2Excludes precipitated calcium carbonate. 

Includes some chalk and other calcareous materials. 


WORLD REVIEW 


The First International Aggregates Con- tional Limestone Institute, and Pit & Quar- 
ference, AggPac '84, cosponsored by the ry Publications Inc. and hosted by the 
National Crushed Stone Association, Na- Aggregates Association of New Zealand, 


CRUSHED STONE 


was held in February in Auckland, New 
Zealand. The conference discussed new 
techniques and methods of aggregate pro- 
duction and usage, product specifications, 
and the need for acceptable economic solu- 
tions to problems facing the aggregates 
producers worldwide.? 

The 1983 production of stone in Canada 
was 67.6 million tons valued at $315 million; 
about 95% of this output was crushed stone. 
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The Province of Ontario was the largest 
producer of stone with 27.8 million tons 
valued at $122 million, followed closely by 
Quebec with 27.3 million tons valued at 
$121 million. Preliminary estimations for 
1984 production of stone indicate an in- 
crease of about 596 to 71 million tons valued 
at $334 million, with the Province of Ontar- 
io accounting for about 42% of the total 
output. 


TECHNOLOGY 


The 67th annual convention of the Na- 
tional Crushed Stone Association was held 
between January 29 and February 2, 1984, 
in Chicago, IL, in conjunction with the 
biennial International Concrete & Aggre- 
gates Show. A major topic covered during 
the convention was computer applications 
in the crushed stone industry that included 
a review of the advantages of plant automa- 
tion using programmable controllers, new 
ways to save energy through plant automa- 
tion, and automating plant segments as a 
way to increase productivity and improve 
product quality.’ 

A Conference on Automation for the 
Crushed Stone Industry, cosponsored by the 
National Crushed Stone Association and 
the Bureau of Mines, was held in Arlington, 
VA. A wide range of subjects was covered, 
from computerized processing and plant 
control and automated equipment and ener- 
gy management to strategic planning, mar- 
ket analysis, and office automation.‘ Rock 
Products magazine published two articles 
that described in detail how computer tech- 


nology is being used by a crushed stone 
operation and a sand and gravel mining 
operation. Several articles on crushed 
stone mining and processing, quarry auto- 
mation, trends in the crushed stone indus- 
try, and the need for standard aggregate 
specifications were published.* 


1Physical scientist, Division of Industrial Minerals. 

?Pit & Quarry. AggPac 84 Begins New Tradition. V. 76, 
No. 11, May 1984, p. 72 

3Herod, S., and S. Levine. NCSA’s 67th Annual Conven- 
tion Offers Comprehensive Program. Pit & Quarry, v. 76, 
No. 10, Apr. 1984, pp. 38-40. 

*Robertson, J. L. Automation Meet Attracts 210. Rock 
Prod., v. 87, No. 11, Nov. 1984, pp. 47-50. 

SKuennen, T. Computer Logic Yields 550 TPH. Rock 
Prod., v. 87, No. 2, Feb. 1984, pp. 34-37. 

SBorg, D. M/S Delay Blasting Systems. Rock Prod., v. 87, 
No. 6, June 1984, pp. 36-39. 

Fowler, B. K. How To Develop Quarry Properly. Rock 
Prod., v. 87, No. 6, June 1984, pp. 40-42. 
, Kuennen, T. Rock Prod., v. 87, No. 8, Aug. 1984, pp. 35- 


Mayville, R. L. High-Tech 0 Adds 15 Years to 
Vulcan's Chattanooga Quarry. Pit & Quarry, v. 77, No. 8, 
Aug. 1984, pp. 90-102. 

National Crushed Stone Association. Stone News, v. 9, 
No. 2, Apr. 1984, pp. RETS3-RETS4. 

Robertson, J. L. Solving Quarry Problems. Rock Prod., 
v. 87, No. 8, Aug. 1984, pp. 31-34. 

Rock Products. New Plant Ideas. V. 87, No. 7, July 1984, 


Work cited in footnote 4. 
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Dimension Stone 


By Harold A. Taylor, Jr. 


Production of dimension stone increased 
6% to 1.16 million short tons valued at $155 
million. More than one-half of the dimen- 
sion stone produced was granite. Limestone, 
marble, sandstone, and slate were also pro- 
duced. 

Exports of dimension stone increased 
24% in value to $26 million. The value of 
dimension stone imports increased 19% to 
$232 million, equivalent to 150% of the 
value of domestic production. 

Domestic Data Coverage.—Domestic pro- 
duction data for dimension stone are devel- 
oped by the Bureau of Mines from volun- 
tary surveys of U.S. producers of rough and 
finished dimension stone. The survey of 
dimension stone producers was not con- 


ducted in 1984, since it was an even-num- 
bered year. The preliminary survey for 
1984, which collected production informa- 
tion on a sample basis for the first 9 months 
only, was used to generate State annual 
preliminary estimates. Of the 402 dimen- 
sion stone operations surveyed for 1983 and 
1982, including those that were idle, 295, or 
73%, responded, representing 91% of the 
total estimated value shown in table 1. The 
final 1982 data are based on previous year 
data from the 1983 survey and update 1982 
preliminary data for the first 9 months 
only. Production data for nonrespondents 
were estimated using preliminary produc- 
tion reports, adjusted prior years produc- 
tion levels, and employment data. 


Table 1.—Salient U.S. dimension stone statistics 
(Thousand short tons and thousand dollars) 


1980 1981 1982 1983 1984 
Sold or used by producer!!! 1,315 1,331 r 61,089 71,090 91,157 
( ³˙¹w.w bU ne 8 $138,900 $150,463 T $137,671 T$147,843 €$154,949 
Exports (value)_ h $15,170 $20,698 $18,678 $21,185 $26,318 
Imports for consumption (value)) $88,900 $132,904 $169,874 $195,378 $231,678 
“Estimated. ‘Revised. 
Does not include Puerto Rico. 
DOMESTIC PRODUCTION 


Dimension stone was produced by 220 
companies at 300 quarries in 32 States. 
Leading States, in order of tonnage, were 
Georgia, Indiana, and North Carolina. No- 
table was a 10% increase in Indiana. Of the 
total production, 55% was granite, 23% was 
limestone, 12% was sandstone, 11% was 
slate, 3% was marble, and the remaining 
1% was miscellaneous stone, including ar- 
gillite, schist, soapstone, and traprock (ba- 
salt). Leading producer companies were 
Rock of Ages Corp., principally in New 


Hampshire and Vermont, and Cold Spring 
Granite Co. principally in California, 
Minnesota, South Dakota, and Texas. 

Granite.—Dimension granite, for statisti- 
cal purposes, includes all coarse-grained 
igneous rocks. Production increased 6% to 
638,000 tons and increased 8% in value to 
$95.0 million. Georgia continued to be the 
leading State producing 28% of the U.S. 
total, followed by Vermont and North Caro- 
lina. These three States together produced 
over one-half of the U.S. total. 
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Cold Spring Granite of Cold Spring, MN, 
announced a $5.0 million expansion that 
would involve construction of a new four- 
building facility for producing thin granite 
sheets, about 1 inch thick. The new facility 
near Cold Spring will have state-of-the-art 
equipment that will reduce production 
costs. This will enable the firm to compete 
better with the thin,low-cost foreign gran- 
ites that have been imported in large quan- 
tities over the last 4 years. The existing 
operations that produce 3- to 4-inch-thick 
granite slabs and other products will contin- 
ue to operate unchanged. 

Granite Technologies Inc. announced 
the construction of an advanced Italian- 
equipped plant in Chicago to cut and polish 
imported rough granite and marble blocks 
to produce thin veneer for buildings. 

Delano Granite Inc. of Delano, MN, filed 
for bankruptcy on March 26, 1984. This 
one-time major producer of granite monu- 
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ments closed its plant late in 1983. 

Coggins Granite Inc. sold its building 
stone division, which will leave it as a 
producer of rough blocks for monument 
manufacture in the Elberton, GA, area. The 
division was bought by an Atlanta individu- 
al and will continue to be operated as the 
Georgia Granite Co. Inc. and includes a 
plant and some almost-new cutting and 
polishing equipment, plus quarries in Geor- 
gia, Missouri, North Carolina, Oklahoma, 
South Carolina, South Dakota, and Virgin- 
ia. 

Limestone.—Dimension limestone  in- 
cludes bituminous, dolomitic, and siliceous 
limestones. Indiana, the leading State, pro- 
duced 157,000 tons in 1984, compared with 
142,680 tons in 1983 and 124,760 tons in 
1982. Wisconsin, usually the third or fourth 
largest producer, totaled 21,270 tons valued 
at $870,000 in 1983 and 14,740 tons valued 
at $520,000 in 1982. 


Table 2.—Dimension stone sold or used by producers in the United States, by State 


19827 © 1983 1984* 
State Quantity Value Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) (short tons) (thousands) 
Alabama 4,312 $2,094 7,385 $2,661 7,585 $2,674 
Arizona 45 1 45 1 20 (1) 
Arkansas 8,919 574 9,114 573 uut — 
California 19,700 2,727 20,321 2,839 22,240 2,990 
Colorado __________ 899 86 899 86 999 87 
Connecticut |... 16,220 923 18,178 1,028 17,578 1.080 
117 eo 182,131 19,375 7182, 842 121,019 202, 030 20,007 
Hawaii ___________ 396 4 3 3 aan P 
Illinois 1, 609 43 1,836 71 E 
Indiana 126, 558 11, 626 144,478 11,015 159,126 14,269 
Maryland _________ 9,963 470 12,193 682 16,693 864 
Massachusetts 54,884 11,399 50,780 10,488 56,982 11,657 
Michigan 3,926 95 4,307 112 4,225 129 
Minnesota _________ 29,184 10,956 21,651 11,365 38,746 13,369 
Missouri . 210 13 W W W 
New Hampshire 54,619 3,593 57,512 4,032 58,740 4,198 
New Mexico 17,584 141 17,584 141 19,257 149 
New Vork 22,441 3,952 23,552 4,310 14,859 4,271 
North Carolina 165,461 8,451 86,136 8,267 W 
PPP 47,912 2, 765 49,059 2,923 36,853 8,454 
Oklahoma 8,414 589 9,935 737 12,074 771 
Pennsylvania 42,404 5,033 53,400 5,199 44,316 6,001 
South Carolina 17,099 1,164 17,113 1,165 16,130 1,092 
South Dakota .. 39,418 14,805 142,057 715,794 59,597 18,642 
Tennessee 8.312 1.238 7,373 1,161 7,021 1,097 
Texas 40,674 1,102 50,484 11,071 46,937 11,236 
Vermont F 109,488 18,358 7115,714 19,995 116,005 20,462 
Virginia 3,611 1,151 115,584 72,238 22,063 3,052 
Washington 453 20 1.10 37 EE TR 
Wisconsin _________ 17,721 2,815 24,218 2,884 24,028 2,863 
Other? ___________ 34,019 5,504 38,603 5,347 152,458 10,534 
Tot ald 1,088,646 137,671 11,090, 390 1147, 843 1,156,622 154,949 
Estimated. Revised. W Withheld to avoid disclosing company proprietary data; included with Other.“ 
1Less than 1/2 unit. 


?Includes Idaho, Iowa (1982-83), Kansas, Maine, Montana, New Jersey, Oregon (1982-83), Rhode Island, Utah (1982-83), 


and items indicated by symbol W. 


Data may not add to totals shown because of independent rounding. 
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Table 3.—Dimension granite sold or used by producers in the United States, by State 


19827 © 1983 1984* 
State ee Value ne Value Quantity Value 
| tons) (thousands) tons) (thousands) (short tons) (thousands) 

California 5,400 $1,873 5,823 $1,975 W W 
Connecticut _______________ 8,395 592 9,713 662 W W 
Georgia- o hs 161,360 9,618 161,816 19,546 179,000 $9,500 
Massachusetts _____________ 2,984 11,171 49,28 55,000 W 
New Hampshire 54,619 3,592 57,512 4,032 58,700 4,200 
North Carolina 159,606 7,431 80,096 7,187 W 
Oklahoma _ - -------------- 4,449 529 5,396 652 W 
South Carolina 17,099 1,164 17,113 1,165 16,100 1,100 
South Dakota 39,418 14,805 142,057 115,794 59,600 18,600 
TOXSS. eun ee LL Le 30,261 1,230 39,994 10,663 31,000 11,000 
Vvrmonrtt! 81,895 11,454 W W W 
Virginia ________________~_ 36 2 20 2 W W 
Wisconsin ________________ 2,978 2,291 2,945 2,016 W W 
Other! __________________ 37,686 9,304 128,815 34,402 232,600 50,600 

OUR occ ee oam oec 656,246 81,056 1600, 640 188,096 638,000 95,000 

*Estimated. "Revised. W Withheld to avoid disclosing company proprietary data; included with Other.“ 


1Includes Colorado, Maine, Maryland, Minnesota (1983), Missouri, New York, Pennsylvania, Rhode Island, Washington 
(1982-83), and items indicated by symbol W. 


CONSUMPTION AND USES 


Dimension stone was marketed over wide 
areas. Industry stockpiles were not moni- 
tored, and production during the year was 
assumed to equal consumption. 

Consumption of domestic dimension stone 
increased slightly to 1.16 million tons val- 
ued at $155 million in 1984, compared with 
1.09 million tons valued at $147.8 million in 
1983 and 1.09 million tons valued at $137.7 
million in 1982. 

Consumption of domestic granite increas- 
ed to 638,000 tons valued at $95.0 million in 
1984, compared with 600,600 tons worth 
$88.1 million in 1983 and 656,200 tons worth 
$81.1 million in 1982. 

Domestic limestone consumption was 
210,100 tons valued at $24.0 million in 1984, 
compared with 245,000 tons valued at $19.1 
million in 1983 and 214,600 tons valued at 
$19.2 million in 1982. 

Domestic marble consumption, including 
travertine, totaled 26,500 tons valued at 
$15.2 million in 1984, compared with 30,750 
tons valued at $18.6 million in 1983 and 
31,630 tons valued at $17.8 million in 1982. 

Consumption of domestic slate totaled 
55,000 tons valued at $11.0 million in 1984, 
compared with 50,500 tons worth $11.7 mil- 
lion in 1983 and 41,100 tons worth $10.2 
million in 1982. 


A review of current industry practice 
indicated that use of dimension stone in 
building increased substantially in the 
1980's because of its attractiveness, durabil- 
ity, superior insulation qualities, and be- 
cause dimension stone has become less ex- 
pensive relative to glass and steel, but 
particularly because of the advent of new 
installation techniques. Traditionally, stone 
slabs were lifted onto the building and then 
anchored in place. Now the slabs can be 
preassembled away from the building site 
into large panels backed by steel trusses, 
and then the whole panel is simply lifted 
into place at the building site. With this 
technique, the slabs can be thinner too, 
which uses less stone. Panels also can be 
assembled by casting a layer of concrete on 
the back of the rows of slabs. These prac- 
tices conserve materials and allow work to 
be done at a more convenient location than 
on the side of a building. À technique just 
out of the experimental stage involves ce- 
menting thin marble tiles to the building 
with silicone adhesive. Another technique 
beginning to come into use involves install- 
ing slotted stone panels into a framework of 
aluminum, just like installing the glass 
panels in a glass curtain wall.? 
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Table 4.—Dimension stone sold or used by producers in the United States, by use 


~ 


1982* 1983 
Use Quantity Value Quantity Value 
(short tona) (thousands) (short tons) (thousands) 
Rough stone: 
Rough blocks for building and construction 261,473 $18,382 274,710 $22,300 
Irregular-shaped stone!n1n! 139,915 4.988 157,313 5,956 
Monumental______________________ ee 229,562 21,262 232,232 122,760 
Other e o t ðᷣͤßd y 10,292 288 13,347 321 
Dressed stone: 
Ashlars and partially squared pieces 152,192 31.978 1134, 730 127,181 
Slabs and blocks for building and construction 77,797 18,620 60,737 18,157 
Monumental 2.2.2.2 oe ee 8 31,573 17,045 137,997 121,832 
nnn d SA 115,222 10,146 195,937 712,598 
Haggis ee eo ues 36,892 4,408 149,475 14,956 
Roetingslagee 8 7,429 3,588 8.861 4,984 
Structural and sanitary _______________ ~~~ _ 2,893 1,685 3,581 1,817 
Flooring slate .— e an lt 8 9,481 2,903 10, 631 73,168 
Gb ·ßÜñ ⁵ ubt eine ß eee 88 13,925 2,919 10, 839 12,411 
Toa "uu num d ² . myk ⁊ðͤ ß M Sen 1,088,646 137,671 11,090, 390 1147,843 


eEstimated. Revised. 

Includes rubble. 

Includes flagging and uses not specified. 

Includes veneer. 

Includes paving block, blackboards, billiard table tops, slate used as lightweight aggregate, and uses not specified. 
Data may not add to totals shown because of independent rounding. 


Table 5.—Dimension granite sold or used by producers in the United States, by use 


1982* 1983 
Use Quantity Value Quantity Value 
(shorttons) (thousands) (shorttons) (thousands) 

Rough stone: 

Rough blocks for building and construction 132,878 $12,674 132,035 $16,411 

Irregular-shaped stone 40, 206 2,026 42,369 2,310 

Monumenta —— 229,562 21,262 232,232 122,760 

e dd aa e MESSEN 116 15 180 16 
Dressed stone: 

Ashlars and partially squared pieces 78,103 22,627 152,120 117,722 

Slabs and blocks for building and construction — 34,218 1,804 12,650 : 

Monumental os he mt w c d 21,868 10,095 171,803 718,266 

U os as pg ae th é 115,145 10,138 51,859 8,709 

GG6ĩĩõĩ§%0%»'öæ y e E 4,090 416 5,392 610 

rr ⁵³ð2üqꝙn 656,246 81,056 ™600,640 788,096 


Estimated. Revised. 

! Includes rubble. 

2Includes flagging and uses not specified. 

Includes flagging and paving block. 

‘Data may not add to totals shown because of independent rounding. 


Table 6.—Dimension limestone sold or used by producers in the United States, by use 


1982* 1983 
Use Quantity Value Quant Value 
(short tons) (thousands) arate E (thousands) 
Rough stone: 
Rough blocks for building and construction |... ...... 97,160 $4,408 110,564 $4,578 
Irregular-shaped stone!!! 33,928 738 40,901 1,080 
Other o Uu p te ea ͤ Kyu ͤ y 6,940 85 9,528 112 
Dressed stone: 
Ashlars and partially squared pieces 41,989 6,790 49,519 6,599 
Slabs and blocks for building ind construction 26.224 6,955 30,657 6,481 
e d LL AE 38 2 38 2 
ß eg E te N 2,287 195 3,877 270 
OCA acs eo ss ose ee 8 214,566 19,173 245,084 19,122 
“Estimated. 
1Includes rubble. 
Includes flagging. 


3Includes veneer. 
“Includes flagging and uses not specified. 
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Table 7.—Dimension sandstone sold or used by producers in the United States, by use 


1982* 1983 
Use Quantity Value Quantity Value 
(short tons) (thousands) (shorttons) (thousands) 
Rough stone: 
ugh blocks for building and construction |... 25,120 $739 26,385 $810 
Irregular-shaped stone! ______________________- 58,858 1,981 67,185 2,323 
/) s ee ee ee ag ir e re TE 2,225 149 2,292 150 
Dressed stone: | 
Ashlars and partially squared pieces 23,407 1,939 30,305 2,261 
Slabs and blocks for building and construction 9,812 1,415 10,341 1,491 
VaT cr EE 10,130 1,716 11,088 1,826 
) ah ree eye ee ee 8 468 519 470 547 
Total e RP aa ʒ DE 130,020 8,458 148,066 59 409 
*Estimated. 
Includes rubble. 
3Includes flagging. 
Includes veneer. 


*[ncludes curbing and uses not specified. 
5Data do not add to total shown because of independent rounding. 


Table 8.—Dimension slate sold or used by producers in the United States, by use 


1982* 1983 
Use Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 
Flagging —— mc ⁊ v ee eee 17,151 $1,923 127,115 182,279 
Roofingslate. „„ 7,429 3,588 8,861 4,384 
Structural and sanitarrryjyůyj nn 2,893 1,685 3,581 1,817 
Flooring slate.2.2 n ³ ³·W6-aA. ee ad 9,481 2,903 710,631 79,168 
Other oclo e eeu e IN ET E 4,174 120 291 40 
7 ⅛èZK 41,128 10,219 150,479 211,689 


Estimated. Revised. 
Includes blackboards, billiard table tops, and uses not specified. 
Mata do not add to total shown because of independent rounding. 


Table 9.—Dimension marble sold or used by producers in the United States, by use 


1982* 1983 
Use Quantity Value Quantity Value 
(short tons) (thousands) (shorttons) (thousands) 
Rough stone: 
h blocks for building and construction 6,045 $554 5,476 $495 
stone: 
Slabs and blocks for building and construction 7,482 8,446 7,089 8,894 
(Q1, LTDA eae ae ees he CREER 18,105 8,849 18,188 9,213 
«Olla Leti euet et) ee he oe eh ee de 31,632 17,849 30,753 18,602 
“Estimated. 


5 rough irregular-shaped stone, dressed ashlars and partially squared pieces, monumental, flagging, and uses 
not specified. 


PRICES 


The average price for dimension stone was unchanged at abou. $134 per ton. 


FOREIGN TRADE 


Exports.—Exports of dimension stone, Imports.—Imports of dimension stone in- 
about 50% of which was granite, increased creased 19% in value to $232 million, most- 
24% in value to $26 million. ly because of increases in marble imports. 
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While imports of rough and dressed granite 
decreased 896 by value, they about quadru- 
pled in quantity. Imports of polished marble 
slabs, mostly from Italy, increased 45% 
to $61 million. Imports of other marble, 
n.s.p.f., increased 44% to $41 million, pri- 
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marily because of a significant increase of 
material from Taiwan. Imports of slate 
increased 71% in value to $5.8 million. On a 
value basis, marble accounted for 45% of 
imports, followed by granite, 37%; traver- 
tine, 9%; and slate, 2%. 


Table 10.—U.S. exports of dimension stone, by type 
(Thousand short tons and thousand dollars unless otherwise specified) 


Major 
Type 1983 1984 destination 
e. . in 
Quantity Value Quantity Value percent) 
Granite, rough --------------------—---——- 75.7 8,068 79.7 8,895 Japan 37%; 
eral Re- 
public of 
Germany 
25%. 
Granite articles _________________________ NA 1,468 NA 4,878 Canada 52%. 
Limestone, crude, not for building or monumental 9.3 156 9.9 105 Chile 85%. 
Limestone, dressed, for building or monumental 1.5 221 9 69 Canada 60%. 
Limestone articlesv. 30.4 584 34.1 1,593 India 57%. 
Marble, breccia, onyx, rough orsquared. - - -------— 18.6 540 13.6 346 Canada 80%. 
Marble, breccia, onyx articles _______________--~- NA 3,424 NA 991 Canada 21%. 
Quartzite, rough and dressed ddl. 7.4 1,884 83.6 2,853 dco a 
E 9c. 
Slate building articles! NA 385 NA 177 aa Arabia 
96. 
Slate building articles, other. NA 967 960 Canada 51%. 
Stone, rough, not for building or monumental 3.6 331 3.6 353 Canada 31%. 
Stone, rough, for building or monumental 13.6 1,480 9.8 1,270 Japan 51%. 
Stone, other, including alabaster or jeu NA 1,671 NA 3,828 Kuwait 17%. 
Sr ³ NA 21,185 NA 26,318 
NA Not available. 
! By value. 
Table 11.—U.S. imports for consumption of dimension granite, by country 
(Thousand cubic feet and thousand dollars) 
ei 
Rough! Dressed n.s.p.f., 
Country = undeco- 
Quantity Value Quantity Value rated? 
(value) 
e d Me et 771 4.252 1.228 71.637 4,076 
1983: 
) store i ee 10 31 108 2,821 66 
ne...... 8 198 3,598 209 10,698 3,135 
F!ÄÜͤ· f ³⅛Ü.rr y y cei 17 256 25 874 3 
Italy cuui A. sie E 43 72 1,357 61,422 1,077 
Japan ou x ee 8 ee aa 16 85 29 
Portugal . = 1 21 5 236 1 
Sai ; y e. zs E ave mee Te 
South Africa, Republic of 73 938 16 269 56 
SSS ee ene uae E Lee ELLE Bees P 27 2,180 90 
Ü»’—ê '; v 8 3 77 65 11,373 1606 
CCC 345 4.993 1.828 79,958 5,063 
1984: 
! ³⁰Ü ü]... zl 2 18 190 3,521 156 
Canada s lor d LOL LI Eu 1,249 4,215 283 11,102 2,617 
lidia a e acne tuis Ne ere 152 214 18 659 1 
/;ô·§% pe c v ⁊ĩͤ th he 11 325 2,596 49,955 1,224 
Vf. Lu ecu ecu (3) 2 9 159 20 
Portugal... c ð -K (3) (3) 27 400 1 
Saudi Arabia 1,976 95 59 134 103 
South Africa, Republic ofEUE ~~ 259 415 (3) 17 3 
S/ AAA 86 zd si 230 4,096 
öÄöÄ˙³ð i ̃ n ⁵ ů³ eee eae eos a ee 968 111 127 3,021 1,257 
Totali mal nc E 5,217 5,395 3,539 73,070 5,478 
"Revised. 


!Does not include unmanufactured nonmonumental granite. 
2Quantity not reported. Does not include granite n.s.p.f., decorated. 


3Less than 1/2 unit. 
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Table 12.—U.S. imports for consumption of dimension marble and travertine, by country 


Country 


gi um 


— ae = ae a am ee ee or ee ee am =n — oe 


Portugal 


1984: 
France 


— we — as ame a ne — e me am me ae —— — — — — — 2 — 


Philippines 
Portugal 


— — a =e — —— e e o — — —— ee — — a ae 


Marble, 
Marble, breccia, or onyx, breccia, or as 2 
polished slabs yx onyx, other Travertine dressed 
n.s.p.f.! 
Quantity Value alue Quantit V 
y alue 
5 (thousands) (thousands) (short tons) (thousands) 

13,949 $34,211 $19,165 166,755 $20,787 
339 1,105 188 19 24 
47 161 306 15 11 
240 636 27 . a 
11,846 30,785 12,850 47,896 16,578 
695 933 ,964 17,584 1.355 
40 181 467 "s m 
190 624 143 ae = 
798 2,108 461 536 190 
2,243 3,401 487 1,044 133 
3 789 11,005 17 9 
496 1,215 963 229 114 
17,318 41,938 28,461 67,940 18,414 
918 1,333 308 70 38 
178 304 579 13 4 
773 1.266 336 5 1 
19,354 42,917 15,978 135,031 15,000 
1,178 1,793 2,592 18,179 741 

26 88 392 SM S 
222 441 94 a 2a 
2,018 3,962 894 361 154 
3,677 836 965 3,490 169 
635 1,169 17,465 159 175 
822 1,848 333 226 89 
29,801 60,957 40,936 157,534 16,371 


1Quantity not reported. Does not include certain special kinds of rough marble, breccia, or onyx. 
?Suitable for use as monumental, paving, or building stone. Does not include travertine articles. 


Table 13.—U.S. imports for consumption of other dimension stone, by type 


1983 1984 . 
Major source 
Type Value Value in 1984 
Quantity (thou- Quantity (thou- (percent?) 
sands) sands) 
Granite, unmanufactured, nonmonumental 
short tons 1,679 $199 27,753 $554 Canada 79%. 
Granite, n.s.p.f.,decorated — - gkl. "T 175 ee 620 Italy 48% 
Alabaster and jet articles = 1,922 m 3,300 Italy 96% 
Limestone, crude, not for building, monumental 
short tons__ 271,291 1,349 885,472 4,215 papas 
0 
Limestone, dressed, geen do... 8,883 343 4,855 612 France 47%. 
Marble and breccia, rough __________~- cubic feet_ _ 44,336 243 57,629 397 Italy 47%. 
Onyx rough. —— Eie ue E 1,596 32 11,855 68 Mexico 86%. 
Marble, breccia, onyx, slab and tiles, unpolished 
square feet t 351 1,482 1,413,100 1,625 Italy 54% 
N RR PONE E PM RP al es short tons 3,533 245 91,019 945 9o. 
late, roofing <2 snna square feet. 298; 259 82 1,008,911 597 United King- 
dom 63% 
Slate, other, n.8.p.f_ ---------------------——- — 3,296 n 9,178 Italy 67%. 
Travertine articles, undecorated ______________~_ — 2,671 sm ,999 Italy 89%. 
Travertine articles, decorated... ~~ ES 715 ee 1,489 Italy 90%. 
Stone, unmanufactured_ ~- --- -------- short tons. _ 42,351 412 161,258 82b Canada 52%. 
Stone, dressed, building... -—..--------- do 2, 385 405 12,039 659 Mexico 48%. 
Stone, other n. s. p. f., undecorateeeett lll a 1,613 ae 1,869 Mexico 28%. 
Stone, other n.s.p.f., decorated. - - -------------- i 1,357 ae 2,519 Taiwan 23%. 


1By value. 
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WORLD REVIEW 


Dimension stone is produced in many 
countries of the world; production of it is 
more widespread than that of almost any 
other mineral commodity. Italy continued 
to produce about one-half of the world total. 

A recent study of the world dimension 
stone market indicated that it continues to 
be relatively stable except for some local 
fluctuations such as a production decline in 
the United Kingdom caused by the conver- 
sion of a number of quarries from dimen- 
sion stone to crushed stone production. A 
production increase in more finished and 
higher cost stone in India was caused by the 
installation of modern equipment. 

Belgium.—Southern Belgium is noted for 
production of two very hard limestones, 
petit granit and rouge de flandres, both of 
which take a good polish and are therefore 
considered to be marbles by the dimension 
stone trade. SA Carriéres du Hainaut was 
the largest producer of petit granit and had 
a capacity of 1.69 million cubic feet per 
year; the stone was made into flooring, 
cladding, and tombstones. SA Carriéres du 
Clypot was the second largest producer of 
petit granit and had a capacity of 490,000 
cubic feet per year; the stone was made into 
tiles, cladding, paving, and curbing. SA 
Carriéres Gauthier & Wincqz was the other 
major producer of petit granit and had a 
capacity of 280,000 cubic feet per year; the 
stone was made into paving, building stone 
for exteriors, monuments and associated 
items, and stone used in the interiors of 
buildings. SA Comarbel was the major pro- 
ducer of rouge de flandres and had a capaci- 
ty of 18,000 tons per year; 90% of the stone 
was exported as tiling and paving.* 

Canada.—The Ontario Ministry of Natu- 
ral Resources issued a study of the potential 
for dimension stone production in north- 
western Ontario. The study covered stone 
for both buildings and monuments, mainly 
granite. An expansion of the industry in 
northwestern Ontario was deemed feasible, 
starting with an expansion of sales of rough 
granite slabs to the building and monumen- 
tal markets, then moving to local manufac- 
ture of curbing, crazy-work and pavers, 
flagging, and bases for memorials, and fi- 
nally to an expansion of sales of high-value 
polished granite items, particularly monu- 
ments. The strong markets for colored gran- 
ites, particularly deep red and black, result 
in higher prices for these stones. This 
makes exploration for them especially at- 
tractive, and therefore, a search for them is 


recommended. Governmental assistance for 
expanding the dimension stone industry 
was recommended, particularly in explora- 
tion, in providing financial assistance, and 
in setting an example by using the local 
building stones themselves.“ 

China.—A marble slab plant with a ca- 
pacity of 65,000 square feet per year came 
on-stream at Urumqi, Xinjiang Province, in 
western China. The marble is fine grained 
and suitable for making 0.6-inch-thick slabs. 
Reserves are estimated to be over 1 billion 
tons and are located in the Central Tian 
Shan Mountains. 

Greece.—Last year, a 5-year development 
plan went into effect that would triple 
primary quarry production of marble and 
increase marble exports by a factor of 10 by 
1988. Marble exports are now at roughly the 
100,000-ton-per-year level, mostly worked 
and finished, and mostly going to Middle 
Eastern markets. The exporters find the 
United States and Canadian markets par- 
ticularly attractive, but the industry is 
being hampered by the stringent applica- 
tion of environmental restrictions on quar- 
ry development. The only Greek marble 
now exported in significant quantities is 
Pentelikon, the marble used to build the 
Parthenon.* 

Portugal.—Exports of unpolished marble 
totaled 77,480 tons in 1983, compared with 
54,940 tons in 1982 and 77,900 tons in 1981. 
Exports of sawn and worked marble totaled 
41,000 tons in 1983, compared with 35,420 
tons in 1982 and 54,480 tons in 1981. Ex- 
ports of granite setts and paving and curb- 
ing stone totaled 185,080 tons in 1983, com- 
pared with 123,220 tons in 1982 and 154,810 
tons in 1981. Low productivity and under- 
capitalization will make it difficult for the 
dimension stone industry to compete when 
Portugal enters the European Economic 
Community.’ 

South Africa, Republic of.—Production 
of granite and gabbro totaled 219,320 tons 
in 1983, of which 188,490 tons was exported. 
The largest granite-producing company by 
far is Keeley Granite (Pty.) Ltd.* 

Sweden.—The Swedish market for di- 
mension stone has declined markedly in the 
last 5 years, although the red, brown, and 
black granites that Sweden is known for 
continue to be produced on a large scale. 
The total demand for Swedish dimension 
stone in 1982 included building stone, 5742; 
tombstones, 24%; paving stones, 17%; and 
the balance, for other uses.? 
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TECHNOLOGY 


A new diamond bead was developed for 
the diamond wire saw. This is the first 
change in the bead since the diamond wire 
saw went into use 5 years ago at Carrara, 
Italy, and one that could allow the cutting 
of harder, more abrasive stones. The new 
bead is diamond impregnated and has the 
diamond grit distributed evenly throughout 
the impregnated annular volume, allowing 
uniform cutting ability over the life of the 
bead, unlike the old electroplated bead. 
According to the manufacturer, the new 
impregnated bead saws about 20% more 
slowly than the old bead, but costs roughly 
one-third less per square yard and has over 


a 50% longer service life.“ 


Physical scientist, Division of Industrial Minerals. 

"Engineering News Record. Buildings Are Turning to 
Stone. V. 212, No. 10, Mar. 8, 1984, pp. 26-28. 

3Allison, P. Dimension Stone—A Rock Steady Market. 
Ind. Miner. (London), No. 202, July 1984, pp. 19-35. 

*Work cited in footnote 3. 

5Les Consultants Sogir Inc. Market Study for Stone in 
Northwestern Ontario. Ont. Geol. Surv. Open File Rep. 
5493, 1984, 110 pp. 

Stone Industries. Greece Plans for Export Growth. 
V. 19, No. 2, Mar. 1984, pp. 26-27. 

7 —— —, Time for Investment in Portugal. V. 19, No. 4, 
May 1984, pp. 33-34. 

Work cited in footnote 3. 

Work cited in footnote 3. 

10Thoreau, B. Diamond Impregnated Wire for Hard 
Stones. Stone Ind., v. 19, No. 3, Apr. 1984, pp. 28-29. 
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Sulfur 


By David E. Morse! 


Stimulated by marked increase in de- 
mand, domestic production of sulfur in all 
forms increased 15%. Output from Frasch 
mines was up 31%, whereas production of 
recovered elemental sulfur from petroleum 
refineries and natural gas-processing plants 
increased to an alltime high exceeding 5 
million metric tons for the first time. Ship- 
ments of sulfur in all forms increased 1196 
and exceeded sulfur output by 896. Prices 
for all elemental sulfur increased, regaining 


1982 levels by yearend 1984. Notwithstand- 
ing its position as the world's largest pro- 
ducer, U.S. sulfur demand continued to 
exceed domestic production. The United 
States continued to be a net sulfur importer 
despite a decrease of nearly 0.8 million tons 
in producers' stocks of elemental sulfur. 

World sulfur production increased after 3 
consecutive years of decline. World demand 
exceeded output, requiring a drawdown of 
world stocks by over 4 million tons. 


Table 1.—Salient sulfur statistics 


(Thousand metric tons, sulfur content, and thousand dollars unless otherwise specified) 


Toul uote co euge estu fi er ts de 
Imports, elemental _______________________- 


Exports, elemental? 


Consumption, apparent, all forms? 
Stocks, 


Value: 
Shipments, f.o.b. mine or plant: 
Frasc 


Total zo 6l ox c Set E 

Imports, elementall 
Exports, elemental®____§_§_§_______________ 
Price, elemental, dollars per metric ton, f.o.b. mine or plant _ 


World: Production, all forms (including pyrites) 


“Estimated. Preliminary. Revised. 
Includes Puerto Rico and the Virgin Islands. 


. 31: Producer, Frasch and recovered ______ 


Recovered! _______________________ 


1980 1981 1982 1983 1984 
= 6,390 6,348 4,210 3,202 4,193 
cT 4,013 4,259 4,404 4,955 5,214 
R 1,403 1,538 1,173 1,133 1,245 
= 11,866 12,145 9,787 9,290 10,652 
JE 7,400 5,910 3,598 4,111 5,001 
"— 4,115 4,207 4,344 5,041 5,210 
"ER 1,403 1,538 1,173 1,133 1,245 
E 12,918 11,655 9,115 10,285 11,456 
e 2,023 2,022 1,905 1,695 2,901 
ER 1,678 1,392 961 992 1,334 
=s 13,659 12,785 10,059 10,988 12,679 
ie 3,094 3,634 4,202 3,218 2,434 
~~ $720,511 $715,683 $434,660 "$414,210 $546,106 
sas 305,046 412,115 425,217 384,214 416,878 
2e 84.332 140,618 122,177 116,255 121.692 
-- 1,109,889 1,268,416 982,054 914,679 1,084,676 
-— $138,852 $209,766 $164,885 $129,110 $200,189 
-— $185,866 $187,407 $122,143 $109,298 $156,067 

$89.06 $111.48 5108.27 887.24 $94.31 
-— T54,983 753,372 50,753 550,315 51,884 


Includes exports from the Virgin Islands to foreign countries in 1981-84. 


3Measured by shipments, plus imports, minus exports. 
*Declared customs valuation. 


*Includes value of exports from the Virgin Islands to foreign countries in 1981-84. 
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Figure 1.—Trends in the sulfur industry in the United States. 


SULFUR 


Domestic Data Coverage.—Domestic pro- 
duction data for sulfur are developed by the 
Bureau of Mines from four separate, volun- 
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survey. Of the 192 operations to which a 
survey request was sent, all responded, 
representing 100% of the total production 


tary surveys of U.S. operations. Typical of shown in tables 1 and 2. 
these surveys is the "Elemental Sulfur" 
DOMESTIC PRODUCTION 


Frasch.—In January, six Frasch mines 
‘were operating in Louisiana and Texas. 
Mines in Louisiana were Freeport Minerals 
Co. at Garden Island Bay, Grand Isle, and 
Caillou Island. Mines in Texas were Farm- 
land Industries Inc. at Fort Stockton; Duval 
Corp. at Culberson; and Texasgulf Inc. at 
Boling Dome. Freeport closed the Caillou 
Island facility because of unfavorable eco- 
nomics caused by poor thermal efficiencies 
and production difficulties. At yearend, the 
remaining five mines were operating at 
about 86% of capacity. 

Frasch sulfur output increased nearly 1.0 
million tons over the depressed quantity 
produced in 1983. Shipments increased by 
0.9 million tons and exceeded output by 
800,000 tons. Frasch sulfur accounted for 
about 39% of domestic production in 1984, 
compared with 35% in 1983. Approximately 
82% of Frasch sulfur shipments was for 
domestic consumption, and 18%, for export. 
The total value of Frasch sulfur shipments 
increased 32%. 

Recovered.—Production of recovered ele- 
mental sulfur, a nondiscretionary byprod- 
uct from natural gas and petroleum refin- 
eries, and coking plants, accounted for 49% 
of the total domestic output of sulfur in all 


forms, compared with 53% in 1983. Produc- 
tion and shipments reached alltime highs of 
over 5.0 million tons in 1984 and surpassed 
Frasch output and shipments for the third 
consecutive year. This type of sulfur was 
produced by 58 companies at 155 plants in 
26 States, 1 plant in the Virgin Islands, and 
1 plant in Puerto Rico. Most of these plants 
were of relatively small size, with only 10 
reporting an annual production exceeding 
100,000 tons. By source, 54% was produced 
by 43 companies at 85 refineries or satellite 
plants treating refinery gases and 3 coking 
plants, and 46% was produced by 27 compa- 
nies at 67 natural gas treatment plants. The 
five largest recovered elemental sulfur pro- 
ducers were Chevron U.S.A. Inc., Exxon Co. 
U.S.A., Getty Oil Co., Shell Oil Co., and 
Standard Oil Co. of Indiana. These compa- 
nies’ 45 plants accounted for 59% of recov- 
ered elemental sulfur output. 

The leading States in production of re- 
covered elemental sulfur were Alabama, 
California, Mississippi, Texas, and Wyo- 
ming. These five States contributed 71% of 
the total output; shipments from Texas 
accounted for 27% of total shipments. The 
total value of shipments of recovered ele- 
mental sulfur increased 9%. 


Table 2.—Production of sulfur and sulfur-containing raw materials in the United States 
(Thousand metric tons) 


content 


Byproduct sulfuric acid (100% basis) produced at copper, lead, molybdenum, 


and zinc plants 


/G ĩ³ĩðV;¹•1ù2Aꝛ ĩð2âL0 xm PR 
Other forme 


1983 1984 
Gross Sulfur Gross Sulfur 
weight weight content 
mue da. ente 3,202 3,202 4,193 4,193 
F 4,955 4,955 5,214 5,214 
DES 2,541 831 2,942 962 
FFC W W W W 
pe 741 302 723 283 
ee eee ee XX 9,290 XX 10,652 
XX Not applicable. 


W Withheld to avoid disclosing company proprietary data; included with “Other forms." 


Includes Puerto Rico and the Virgin Islands. 


2Includes hydrogen sulfide, liquid sulfur dioxide, and data indicated by symbol W. 
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Table 3.— Sulfur produced and shipped from Frasch mines in the United States 


(Thousand metric tons and thousand dollars) 


Y Production Shipments 
ear — M —— ——ę—ũ—uʃV M 
Texas Louisiana Total! Quantity Value“ 

)%CöĩÜ dd A 8 4.081 2, 309 6,390 7,400 720,511 
JJ ys a TOS 3,908 2,440 1310 5,910 115,683 
IND o rece ⁊;é Le Ad 8 2,898 1,312 í 3,598 434,660 
LOSS cc eee E e E Eit EAE EET 1,915 1,286 3,202 4,111 414,210 
ios ET" 2,257 1,937 4,193 5,001 546,106 

"Revised. 

1Data may not add to totals shown because of independent rounding. 

2F. o. b. mine. 

Table 4.—Recovered sulfur produced and shipped in the United States! 
(Thousand metric tons and thousand dollars) 
Production Shipments 
Year Natural Petroleum 
j 3 
ns refineries? Total Quantity Value 

e d ee ee 1,757 2,316 4,073 4,115 305, 046 
JJ! ⁵ðù A/ DEIN 8 1.971 2, 288 4,259 4,207 412,115 
Jô·ÄÜ6 ] eR M Nay es CDD LR 1,960 2,444 4,404 4844 425,217 
IJ. ⁰y FM TU CPI 2,371 2,584 4,955 5,041 384,214 
J) Rk AA y S 2,407 2,807 5, 214 5. 210 416,878 


Includes Puerto Rico and the Virgin Islands. 


?Includes a small quantity from coking operations and utility plants in 1980-82; includes only a small quantity from 
coking operations in 1983-84. 


F. o. b. plant. 


Table 5.—Recovered sulfur produced and shipped in the United States, by State 


(Thousand metric tons and thousand dollars) 


1983 1984 
State Production Shipments Production Shipments 
(quantity) Quantity Value (quantity) Quantity Value 

Alabb/aenda a4 „ 401 401 36,319 380 380 84,492 
California - - - ------------------ 480 505 24,978 516 516 28,695 
FIOFidl oo ice Se e tim ER Rede ien eos 142 142 W 111 111 W 
Mino- eto n ĩðâv id 224 225 20,557 182 181 15,838 
Louisiana = - - - - - --.------------—- 261 261 24,122 320 318 29,901 
Michigan and Minnesota ~ - - --------- 118 119 8,054 139 139 9,627 
Mississippt1N2n2 :: „ 690 722 67,860 145 154 74,382 
New Jersey _______________-__-- 13 73 i 58 59 6,636 
New Mexico ________-_-_-_----- 60 60 3,827 63 63 4,245 
North Dakottda a4 101 102 4,904 112 112 5.572 
0 mel A 38 39 3,837 39 39 3,983 
Pennsylvania 4, 4,487. 

ORGS aise oe m eee 1,394 1,407 109,061 1,417 1,413 121,447 
Wisconsin _— - - - -—-----------—-—--—- 2 114 108 
Wyoming 504 489 16,903 626 624 23,280 
Other o oce S 415 442 51,139 453 441 54,185 


z aC ucc es 4,955 5,041 384,214 9,214 5,210 416,878 


W Withheld to avoid disclosing company proprietary data; included with Other.“ 

!Includes Arkansas, Colorado, Delaware, Indiana, Kansas, Kentucky, Montana, Oklahoma (1983), Utah, Virginia, 
Washington, Puerto Rico, the Virgin Islands, and data indicated by symbol W. 

*Data may not add to totals shown because of independent rounding. 
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Table 6.—Recovered sulfur produced and shipped in the United States, 
by Petroleum Administration for Defense (PAD) district 


(Thousand metric tons) 
1983 1984 
District and source = : 
: Production Shipments Production Shipments 
PAD 1: 
Petroleum and coklaaaeaaaa „ 235 237 228 228 
Natural gasse EE a S 142 141 110 111 
))))ͥͤ⁰ͥͥͥͥÜ¹¹⁰w » ⁰ 377 379 339 339 
PAD 2: | 
Petroleum and colaeaeaa 498 500 504 500 
Natural gas 2.2 eo See ð —?L—0U 105 107 114 114 
Totes ee te es 604 607 618 615 
PAD 3:? 
Petroleum cmo nie ³Üʃ. ee ee ue 1,255 1,259 1,440 1,443 
Natural gas — ces a i --.. ud 1,627 1,681 1,565 1,563 
Total! as ate 2,882 2,940 3,006 3,007 
PAD 4 and 5: 
Petroleum ________________ ~~ Le 594 631 633 633 
Nur os ie ee 496 481 616 613 
171ͤ%; i i eS a LACE 1,091 1,112 1,250 1,247 
Grand totalñlldLdvt ll 4,955 5,041 5,214 5,210 


ata may not add to totals shown because of independent rounding. 
Includes Puerto Rico and the Virgin Islands. 


Byproduct Sulfuric Acid.—Sulfur con- 
tained in byproduct sulfuric acid produc- 
ed at copper, lead, molybdenum, and zinc 
roasters and smelters amounted to 9% of 
the total domestic production of sulfur in 
all forms. Eleven acid plants operated in 


conjunction with copper smelters, and 11 


plants were accessories to lead, molybde- 
num, and zinc roasting and smelting oper- 


ations. The five largest acid plants account- 
ed for 57% of the output, and production in 
five States was 84% of the total. The five 


- largest producers of byproduct sulfuric acid 


were ASARCO Incorporated, Inspiration 
Consolidated Copper Co., Kennecott, Mag- 
ma Copper Co., and Phelps Dodge Corp. 
These companies’ 14 plants produced 84% 
of the total. 


Table 7.—Byproduct sulfuric acid! produced in the United States 


(Thousand metric tons, sulfur content, and thousand dollars) 


Co Zi al rum 

pper inc moly 

Year plants? plants? denum Total Value 
plants? 

I9SBÜ Ln ße EE Mer 686 183 134 1,008 55,897 

198) oce Seu eee 848 179 132 1,159 19,601 

Dol Re CENE Bh a a eee eae MARE 615 112 101 828 68,674 

jo E eat E 601 126 104 831 54,995 

%%%... k a OR NN S 136 145 81 962 59,098 


Includes acid from foreign materials. : 
2Excludes acid made from pyrites concentrates. 
Excludes acid made from native sulfur. 
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Pyrites, Hydrogen Sulfide, and Sulfur 
Dioxide.—Contained sulfur in pyrites, hy- 
drogen sulfide, and sulfur dioxide was 3% of 
the total domestic production of sulfur in all 
forms. The total sulfur content in these 
products was 6% less than that of 1983. The 
three largest producers of these products 
were Asarco (sulfur dioxide) Stauffer 
Chemical Co. (sulfur dioxide), and Tennes- 
see Chemical Co. (pyrites and sulfur diox- 
ide) These companies' one mine and five 
plants accounted for 96% of the total con- 
tained sulfur produced in the form of these 
products. 
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Table 8.—Pyrites, hydrogen sulfide, and 
sulfur dioxide sold or used in the 
United States 


(Thousand metric tons, sulfur content, 
and thousand dollars) 


Hydrogen Sulfur 


Year Pyrites sulfide dioxide Total Value 
1980 322 36 42 400 28,435 
1981 307 28 44 379 64,961 
1982 _ 265 32 48 345 58,503 
1983 . W 50 302 61,260 
1984 _ W W 45 283 62, 594 


W Withheld to avoid disclosing company proprietary 
data; included in Total.“ 
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Figure 2.— Trends in the production of sulfur in the United States. 
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CONSUMPTION AND USES 


Apparent domestic consumption of sulfur 
in all forms increased 15%. The sources of 
supply were domestic recovered elemental 
sulfur, 38%; domestic Frasch sulfur, 32%; 
and combined domestic byproduct sulfuric 
acid, pyrites, hydrogen sulfide, and sulfur 
dioxide, 10%. The remaining 20% was sup- 
plied by imports of Frasch and recovered 
elemental sulfur. 

The Bureau of Mines collected end-use 
data on sulfur and sulfuric acid according to 
the Standard Industrial Classification of 
industrial activities. Shipments by end use 
of elemental sulfur were reported by 64 
companies, and shipments by end use of 
sulfuric acid were reported by 61 compa- 
nies. Eleven companies reported shipments 
of both elemental sulfur and sulfuric acid. 

The largest sulfur end use, sulfuric acid 
production, represented 82% of shipments 
for domestic consumption. Some identified 
end uses were tabulated in the “Unidenti- 
fied” category because these data were pro- 
prietary. Data collected from companies 
that did not identify shipments by end use 
were also tabulated as “Unidentified.” 

Led by a 21% increase in sulfuric acid 
consumption for phosphatic fertilizers, the 


largest single end use, shipments of 100% 
sulfuric acid increased 15%. Shipments of 
sulfuric acid for petroleum refining and 
other petroleum and coal products, the 
second largest end: use, remained about the 
same. Usage of sulfuric acid for copper ore 
leaching increased 95%. _ 

According to the 1984 canvass reports, 
company receipts of spent sulfuric acid for 
reclaiming totaled 2.8 million tons. The 
largest source of spent acid, from petroleum 
refining and coal products, accounted for 
52% of the total returned. The petroleum 
refining industry was a net user of about 
600,000 tons of sulfuric acid. About 750,000 
tons of spent acid was reclaimed from plas- 
tic and synthetic materials operations. The 
remaining reclaimed acid was returned 
from manufacturers of phosphatic fertiliz- 
ers, soap and detergents, steel, industrial 
organic chemicals, other inorganic chemi- 
cals, storage batteries, other chemical prod- 
ucts, and some unidentified sources. 

The largest use of sulfur in all forms, for 
agricultural purposes, totaled 9.2 million 
tons, an increase of 18%. Industrial use 
increased about 7%. 


Table 9.—Apparent consumption of sulfur! in the United States 


(Thousand metric tons) 


Recovered: 


Total 


Other forms, shipments? 


Total, all forms 


Pyrites, shipments LL LLL LLL LLL LLL 2c 
Byproduct sulfuric acid, shipments _______________ 


1980 1981 1982 1983 1984 
1,400 5,910 3,598 4,111 5,001 
856 690 604 122 
1,673 1,216 731 601 888 
6,717 5,550 3,557 4,114 4,835 
4,115 4,207 4,344 5,041 5,210 
1,533 1,666 1,215 1,091 1,835 
109 176 230 391 446 
5,539 5,697 5,329 5,741 6,599 
322 307 265 W 
1,003 1,159 828 831 962 
78 12 80 302 283 
13,659 12,785 10,059 10,988 12,679 


W Withheld to avoid disclosing company proprietary data; included with “Other forms, shipments.” 


1Crude sulfur or sulfur content. 
2Includes Puerto Rico and the Virgin Islands. 


Includes consumption of hydrogen sulfide, liquid sulfur dioxide, and data indicated by symbol W. 
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Table 10.—Elemental sulfur sold or used in the United States, by end use 


(Thousand metric tons) 


SIC End use 1983 1984 

Food and kindred produetTtssssss „ W W 
26, 261 Pulp and paper products _-------------------—----—---—-——— 14 29 
282, 2822, 2823 Synthetic rubber, cellulosic f! rs, other plastic products... 34 65 
287 Agricultural ehemicalssssMů U ͤü n n tC) 480 
28, 285, 286 Messer and allied products, industrial organic chemicals, other chemical 115 127 

products. 

284 Soaps and detergentn2i „ 23 14 
29, 291 Petroleum refining and petroleum and coal products __ ----------—- 142 278 
281 Other industrial inorganic chemicals 250 285 
30 Rubber and miscellaneous plastic produett q W W 


Sulfuric acid: 


Domestic sulfur —. 222.02 Sou ncm ee oe eww cd ede 6,558 6,909 
Imported sulſuu..... 8 1,675 2,425 
)%»ͤ ] a ͥ ofa 7m Futter d as eee 8,233 9,334 
ee ð ⁰⁰ʒ ho e Lus 801 734 
Total domestic uses 10,175 11.346 
) ͤ ⁵ĩðV2AAi. ³ↄ6.¹ A ³ðTdſſ ⁰wm 8 645 ; 
Grand total ois a OS eet wee ol et gs reel 10,820 12,635 


W Withheld to avoid disclosing company proprietary data; included with “Unidentified.” 


Table 11.—Sulfuric acid sold or used in the United States, by end use 
(Thousand metric tons of 100% H, SO.) 


ntit 

SIC End use .LLQuantity —. 

1983 1984 
102 h dd eM ⁵ é 534 1.043 
1094 Uranium and nadium oree:ssssss D LLL ee 250 163 
10 Other ORCS ost nci ou de ee LL d E esas VD EDS 138 194 
261 Pulpmillg- d y tr ALLE au es 607 700 
26 Other paper products - - - —- - - - -- - -----—-----—-------——-—----—— 152 114 
285, 2816 Inorganic pigments and paints and allied produets 382 332 
281 Other inorganic chemicalsssssͤU EUE᷑ ~~ Ll l22l22- 965 1,160 
282, 2822 Synthetic rubber and other plastic materials and synthetic 965 959 
2823 Cellulosic fibers including rayon ________________________--_-- 294 155 
283 ee Ne tN ha / OP Ne 8 87 74 
284 Soaps and deter gent 320 254 
286 Industrial organic chemicals „„ 1.124 938 
2873 Nitrogenous fertilizerr sss 160 261 
2874 Phosphatic fertilizers ss 21,759 26,373 

2879 Pesticides a pag cue ee LL Lit 84 T 
281 Other agricultural chemicals 184 47 
2892 Explosives o. ð ꝓͥͥ ⁰ y 62 118 
2899 Water - treating compounds s 398 213 
28 Other chemical products _ - - - - - --------------------------—— 204 405 
29, 291 Petroleum refining and other petroleum and coal products... 2,071 2,067 

30 Rubber and miscellaneous plastic products - - - - - - -- -------------——- 96 
331 S ³¹0w-wwο ð uh A E 288 210 
333 Nonferrous metals- __________-~__--__-~_~____ i iL 32 50 
33 Other primary metalssss „ 19 113 
3691 Storage batteries (acidṽ: ·ri:!:;:ꝓ:e:ꝶ „„ „„ 177 177 
Umdentihed ĩ ]˙”“’ſ...0/ f ͥ⁰ ⁰ ⁰d d E E LED RE 1,305 1.584 
err A Lus Lu dA LE 82,657 37,834 
FF:; ẽ ˙ ˙mꝓ ³ ⁰ yi) Ule siu Mi ee rcm 

h ³˙ͥÜw¹wà mA.. d ee eh lide hes E 32, 826 37,895 


W Withheld to avoid disclosing company proprietary data; included with “Unidentified.” 


Table 12.—Sulfur and sulfuric acid sold or used in the United States, by end use 


SIC 


SULFUR 


(Thousand metric tons, sulfur content) 


End use 


Copper ores - ------------------ 
Uranium and vanadium oress 
Other ores_ - - ----------------—- 
Food and kindred products 
Pulpmills and paper products 
Inorganic pigments, paints and allied prod- 
ucts, industrial organic chemicals, other 
chemical products. 
Other inorganic chemicals 
Synthetic rubber and other plastic materi- 
als and synthetics. 
Cellulosic fibers, including rayon _ — 
Drot t x ß 
Soaps and detergents |... ---------- 
Industrial organic chemicals 
Nitrogenous fertilizers |... ss 
Phosphatic fertilizers - - - --------- 
Pesticides _______________----~- 
Other agricultural chemicals 
Explosives. s. 
Water-treating . e ea eae 
Other chemical produetss 
Petroleum refining and other petroleum 
and coal products. 
Rubber and miscellaneous plastic products 
Steel pickling. - - - - - - - -- ------—- 
Nonferrous metals 
Other primary metalassss 
Storage batteries (acid 
Exported sulfuric acid_ - - ~~ 


Total identified 
UnidentifiobUWuuudddd 


Grand totaea1lnln 


Elemental 
sulfur! 

1983 1984 
W W 
14 29 
115 127 
250 285 
234 265 
(3) (3) 
23 ‘14 
563 480 
142 278 
W W 
1,141 1,278 
801 134 
1,942 2,012 


Sulfuric acid 


(sulfur equiva- 
lent) 

1983 1984 
175 341 
82 53 
45 63 
248 266 
125 109 
316 379 
315 314 
96 51 
28 24 
104 83 
367 307 
52 85 
7,113 8,621 
28 23 
60 15 
20 39 
130 70 
67 132 
677 676 
31 W 
94 88 
11 16 

6 37 

58 58 
55 20 
10,303 11,870 
427 518 
10,730 12,388 


871 

Total 
1983 1984 
115 341 
82 53 
45 63 
W W 
262 295 
240 236 
566 664 
2349 2319 
96 51 
28 24 
127 97 
367 307 
52 85 
7,113 8,621 
28 23 
623 495 
20 39 
130 10 
67 132 
819 954 
31 W 
94 88 
11 16 
6 37 
58 58 
55 20 
11,444 13,148 
1,228 1,252 
12,672 14,400 


W Withheld to avoid disclosing company proprietary data; included with “Unidentified.” 
1Does not include elemental sulfur used for production of sulfuric acid. 
2Includes elemental sulfur used in cellulosic fibers. 
Included with Synthetic rubber and other plastic materials and synthetics.” 
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Figure 3.— Trends in the consumption of sulfur in the United States. 
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RECOVEREO IMPORTEO MMOL S RECLAIMEO BYPRODUCT 
MENTAL SULFUR ELEMENTAL SULFUR SULFURIC ACIO SULFURIC ACIO 
ELEME * SULFUR DIOXIOE 
283 916 962 


2.425 
6.909 603 s UNOEFINEO 
SOURCES 
PETROLEUM 
51 CELLULOGIC FIBERS REFINING ® ANO OTHER 
2 INCLUDING RAYON PETROLEUM AND 
(155) COAL PRODUCTS* 
SIC 2823 SIC 29.291 
PULP ANO 24 s 
COPPER ORES 341 s ORUGS 
PAPER PRODUCTS (1.083) | (74) 
SIC 102 SC 283 
PAINTS AND ALLI 
VRIACORGANIC CHER URANIUM ANO 32 | 83s SOAPS ANO 
ICALS ANO OTHER VANADIUM ORES 720 (254) DETERGENTS * 
CHEMICAL PF TS 
S 286 2 SIC 1094 SIC 294 
OTHER INDUSTRIAL INDUSTRIAL 
CHEMICALS (194) | (936) CHEMICALS ® (113) 
SIC 10 SIC 206 SIC 33 


VNTHETIC RUBBER 
A a FIBERS OTHER PAPER OTHER 


AGRICULTURAL 06 s STEEL PICKLING * 
PROOUCTS CHEMICALS (270) 


SIC 26 SIC 287 


SIC 33! 


AGRICULTURAL 


PULP MILLS 2208 | 055s NITROGENOUS TE NONFERROUS 
CHEMICALS 


FERTILIZERS METALS 


(700) (261) ($0) 
SIC 287 SIC 261 SIC 2873 SIC 333 
PETROLEUM REFINING 
ANO PETROLEUM ANO OTHER CHEMICAL 132 [8.021 0 PHOSPHATIC. 58 6 STORAGE ë 
COAL PRODUCTS PRODUCTS œ (405) 26.373 FERTILIZERS TIT BATTERIES ACIO 


SIC 29 291 SIC 28 SIC 2874 


SIC 3691 


SOAPS ANO OTHER INORGANIC [379 s 236 PESTICIDEE $18 s 
SIC 294 SIC 281 SIC 2879 
INORGANIC PIGMENTS 
PAINTS ANO ALLIED [109 s 39 s £XPLOSIVES s 
UNIOENTIFIEO PRODUCTS (332) TITT (61) EXPORTS 
SIC 286.2816 SIC 2892 
SYNTMETIC RUBBER T TM 
gane AND OTHER PLASTIC |3148 | 70,5 WATER TREATING $* SULFUR CONTENT THOUSAND METRIC TONS 
EXPORTS ; MATERIALS ANO COMPOUNDS mn 100% SULFURIC ACIO THOUSAND METRIC TONS 
SYNTHETICS e se — (213) 


* SOURCES OF SPENT ACID FOR RECLAIMING 


SIC 282.2822 


SiC 2999 


Figure 4.—Sulfur-sulfuric acid supply and end-use relationship in 1984. 


STOCKS 


Inventories held by Frasch producers supply in 1983, based on domestic and 
were reduced by 26%. Combined yearend export demands for Frasch and recovered 
stocks amounted to approximately a 2-1/2- elemental sulfur. 
month supply compared with a 4-month 


Table 13.—Yearend sulfur stocks of U.S. 
producers 


(Thousand metric tons) 


Year Frasch Recovered Total 
198830 eyes 2,954 140 3,094 
TOBY emen 3,442 192 3,634 
1982 .——— zm 3,964 238 4,202 
S ee ae et 3,065 153 3,218 


1984 __-------- 2,219 155 2,434 
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PRICES 


The posted price for liquid sulfur ex- 
terminal Tampa, FL, increased three times 
in 1984. Price discounting, which began in 
April 1983, continued throughout 1984. In- 
ternational prices for solid sulfur increased 
substantially. The following table indicates 
pricing changes instituted during the year. 


Table 14.—Sulfur price, 1984 


age value of shipments of Frasch sulfur, 
f.o.b. mine, for domestic consumption and 
exports combined increased 8%. The aver- 
age value, f.o.b. plant, for shipments of 
recovered elemental sulfur varied widely by 
geographic region: lowest in the Rocky 
Mountain States and on the west coast, 
somewhat higher in midcontinent, and near 
the values for Frasch sulfur in the East and 
South. Although reported values for recov- 


U.S. liquid " , ered elemental sulfur were generally higher 
Month sulfur! aporte), throughout the Nation, the disproportion- 
(per long ton) p : : : 
ately low value for Wyoming distorts the 
Januar $132.50 $8625 average value calculation for all recovered 
February _______ Az 88.50 i - 
F a 91.00 elemental shipments in 1984. 
April - 99.40 
May ........- 140.00 102.63 
July ---------- -- 3 Table 15.—Reported sales values of 
August . m $115-140 shipments of sulfur, f.o.b. mine or plant 
555 "ICD 141.50 cad E (Dollars per metric ton) 
November — M 
December | 157.50 135-145 Year Frasch Recovered Average 
Yearend 1984 157.50 135-151 
1980 97.36 14.13 189.06 
!Fo.b. terminal, Tampa, FL. Discounts for volume .. 121.11 97 1. 
customers up to $10 per long ton. D ——— 1120.79 97.89 108.27 
2F. O. b. Vancouver, British Columbia, Canada. 18 à i - B E 7 E - i - i TA 8902 Sen 
Source: Green Markets. V. 8, No. 1-51. 
"Revised 
On the basis of total shipments and value 
reported to the Bureau of Mines, the aver- 
FOREIGN TRADE 


Exports of elemental sulfur from the 
United States, including the Virgin Islands, 
increased 34% in quantity and 43% in 
value. Exports of sulfur from the west coast 
were nearly 250,000 tons or 18% of total 
U.S. exports. 

The United States continued to be a net 
importer of sulfur. Frasch sulfur from Mexi- 
co and recovered elemental sulfur from 


Canada continued to supply nearly all U.S. 
sulfur import requirements. Total imports 
of elemental sulfur increased 51% in quan- 
tity and 55% in value. 

The United States also had significant 
international trade in sulfuric acid in 1984. 
Canada and Mexico were the United States' 
most important sulfuric acid trade partners. 


Table 16.—U.S. exports! of elemental sulfur, by country 


(Thousand metric tons and thousand dollars) 


Country 


Argentina 
Australia 
Belgium-Luxembourg 
Brazil 


Greece 
India 


See footnotes at end of table. 


aia — — — — — —— —— —— — — — — — — — Sl — 


1983 1984 

Quantity Value Quantity Value 
D 1 334 1 512 
FFF (2) 339 1 688 
1 337 44,072 397 46,983 
F 99 11,810 205 23,903 
S 6 380 2 124 
E (2) 84 3 532 
11 69 1,544 132 17,535 
JN 2) 20 1,913 
C 2 1.319 l 455 
TEMPS (2) 2 ME en 
„ 46 3,707 127 14,334 
S 3 225 18 2,278 
— eee! 44 3,974 16 1.470 
NECEM 43 2,339 54 2,955 
55 24 2,505 162 21,973 
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Table 16.—U.S. exports! of elemental sulfur, by country —Continued 


(Thousand metric tons and thousand dollars) 


Cans 1983 1984 
n — .. .. — —— A —————Á——J[D e! 
SUN Quantity Value Quantity Value 
Nene ⁵ð Pte LE EU: (3) 7 13 1,399 
Ii ah a a ³⁰·wi¹ü e A S e eh ML d t 5 415 m EN 
F! ͥͥ . ĩð dy en 8 31 3,819 21 2,400 
Senora een Si ˙ꝝ ys ⁊ y LR Eee 29 2,212 11 
Sweden cad 0 ee AAV eee s 5 433 2 1 
/˙Ü˙—ê5OĩG:m : x A E NN NS 80 1,041 43 4,566 
Thailand. E UR M A a E M E 6 469 (3) 12 
Tundi —— concursos a K 132 11,948 40 1,918 
sii ))%õõͤũ V 6 m Ma 21 2,383 
United Kingdom --------------------------------—--——- 16 1,388 (3) 25 
Uruguay - a 3 0 
2(7; ³ð -A t y Se ete EE NA 2a : 
P ² N E E E SEA VE neat ete A E E on E 115 12, 864 19 3,856 
Toa p ß ie ap MD Am LEAL rue 992 109,298 1,334 156, 067 
"Revised. 
Includes exports from the Virgin Islands. 
2Less than 1/2 unit. 


3Data may not add to totals shown because of independent rounding. 


Table 17.—U.S. exports of sulfuric acid (100% H;SO,), by country 


1983 1984 
Country Quantity Value Quantity Value 
(metric (thou- (metric (thou- 
tons) sands) tons) sands) 
F oett ncs co ad E i SS a AT 59 $16 26,831 $1,012 
o; y cS Bt A Ed 105,835 5,270 33,798 1,510 
Chile ccu cud onu Ie LI LA LE Me ns 399 19 10,355 343 
Dominican Republic ________________-._~---_____ 129 20 2,966 299 
Ecuador- -see ⁰d ³ 2,218 98 6,198 330 
C ]¹ͥꝙ RN te as See, RR 580 39 1,424 50 
Guyana cer ³Ü w ³] cuc dii y 8 598 30 1.539 224 
h / ˙C⁰ -A d LM t 122 9 1,665 114 
Korea, Republic of ------------------------—--—— 1,422” 188 658 399 
e e . M E eet 25,071 950 6,815 293 
Netherlands... = 2) o aul 8 6,407 173 32 4 
Netherlands Antilles 15,184 1,017 6,295 331 
FHH Les ⁰⁰⁰ymͥ. 8 1.249 2,500 126 
Saudi Arabi,ͤaaaaa LLL 1,239 691 1,239 252 
Trinidad and Tobaghghg o 190 7 2,379 136 
Venezuela so aa a a ͤ A EE 389 51 6,182 308 
) ogee pe i eh ROE Wea non a we ee nn , ĩðê vd eR eo ee "9 905 11,415 8,441 1,042 
Total itor ehe tocius. LLL a a 171,002 10,089 119,317 6,773 
"Revised 
Table 18.—U.S. imports of elemental sulfur, by country 
(Thousand metric tons and thousand dollars) 
1983 1984 
Country —M— — — — 
Quantity Value! Quantity Value! 
Canada Lu o emi a Add è K AT LLL TL MS 1,091 62,505 1812 117,776 
Mexic i he nes xf dd yd v ACIE 604 66,556 122 79,756 
Menezüueli- d LR Lh I etie. ALIE ie em 22 2,531 
Other t cu cce dn deer eS ee A E a e (3) 149 1 126 
)%%ôͤ%ô˙—u! dd ⅛ð- ⅛ð K 1.695 129,110 2,557 200, 189 
"Revised. 


1Declared customs valuation. 

Includes France, the Federal Republic of Germany, and Japan in 1983 and Belgium, China, the Federal Republic of 
Germany, Italy, Japan, and Netherland Antilles in 1984. 

3Less than 1/2 unit. 


876 MINERALS YEARBOOK, 1984 
Table 19.—U.S. imports of sulfuric acid (100% H;SO,), by country 
1983 1984 
Country Quantity Value! Quantity Value! 
(metric (thou- (metric (thou- 
tons) sands) tons) sands) 
, ß e eee 300,342 $9,261 356,484 $15,175 
Germany, Federal Republic of -—- ----------------—-- 35 21 13,672 929 
000 ae Be ee ad an RU ERE 110,786 4,853 3 Lo 
öÜ;¹ꝛñ ⁵ĩð y yd ⁵⁰ E N 665 52 15, 105 784 
FT) ⁰ũꝛ x A y d Lote 13,967 494 6,464 568 
üůõĩõĩ·[lb ꝛ - ð da ĩð Le oe edie 10,424 573 18,468 1,323 
Sweden. eec Luiec shoe 8,340 310 (2) 5 
Switzerland -----------------------—--—--—-—- (2) (2) 15,513 595 
United Kingdom ---------------------—-————-———- 900 152 2 
GG/;ö’ðO— ⁵ ˙ s cube dd y 8 19 1 9 
7/»ͤ;—ꝙ¼ ꝑx y y . eL 445, 467 15,735 425, 709 319,391 
1Declared c.i.f. valuation. 
2Less than 1/2 unit. 
Data do not add to total shown because of independent rounding. 
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World production of sulfur increased sub- 
stantially after 3 consecutive years of de- 
clining output. Elemental sulfur production 
increased nearly 1.6 million tons while out- 
put of sulfur in other forms was essentially 
unchanged. Nevertheless, world consump- 
tion continued to outplace production re- 
quiring a drawdown of about 4.5 million 
tons in world elemental sulfur stocks. Cana- 
da reduced inventories by more than 2.6 
million tons; the United States and Saudi 
Arabia each reduced stocks by about 
800,000 tons. Stock levels also decreased in 
Mexico and Iraq while stocks were built 
slightly at the Lacq sour-gas facilities in 
France. 

International trade in elemental sulfur 
increased sharply with about 17.5 million 
tons traded during the year compared with 
15.3 million tons in 1983. Canada continued 
as the world’s leading exporter, followed by 
Poland, Saudi Arabia, the United States, 
and Mexico. The United States was the 
largest importer. Other nations importing 
significant quantities of sulfur, in decreas- 
ing order of quantity, were Morocco, the 
U.S.S.R., Brazil, India, Tunisia, and the 
United Kingdom. 

International sulfur prices escalated, 
reaching 1981 record-high levels by year- 
end. Vancouver, Canada, export prices, spot 
basis, increased by nearly $60 per ton or 
68%; Saudi Arabian export settlements 
jumped nearly $30 per ton in August and 
were up over 50% between January and 
December. 

Canada.—Shipments of sulfur in all 
forms were about 9.3 million tons, 2.6 mil- 


lion tons greater than output, and 27% 
above 1983 shipments. Exports increased 
nearly 36% to 7.6 million tons. Sulfur ex- 
ported through the Port of Vancouver, Brit- 
ish Columbia, increased to a record-high 
volume of 5.8 million tons, 26% higher than 
in 1983. Exports to the United States in- 
creased from 1.1 to 1.8 million tons; new 
contractural supply arrangements for 
Texasgulf Chemicals Co.’s North Carolina 
fertilizer complex from Canterra Energy 
Ltd.'s Alberta gas-processing facilities were 
responsible for most of the increase. 

Canadian Occidental Petroleum Ltd. 
planned to construct a sour-gas processing 
plant at Mezeppa near Calgary, Alberta. 
Approval for the facility, which was to 
include a 200,000-ton-per-year sulfur recov- 
ery unit, was received in 1984. Husky Oil 
Co. announced plans to construct a multi- 
billion-dollar heavy oil upgrading plant in 
Saskatchewan that included a 250-ton-per- 
day sulfur recovery unit. 

Contractors were chosen by the Canadian 
Pacific Railroad to complete a new tunnel 
at Rogers Pass, British Columbia, by 1988. 
The 9-mile-long tunnel was to be completed 
at an altitude below the existing tunnel, 
which would permit westbound trains to 
move greater tonnages without increasing 
engine horsepower. When completed, the 
new tunnel would benefit shippers of sulfur 
to Vancouver for export. 

Iran.—A small quantity of sulfur was 
exported from Bandar Khomeini in Novem- 
ber. Total exports for the year were esti- 
mated at 40,000 tons and were believed to 
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be collected from petroleum refineries and 
represented several years of output. The 
first sulfur recovery unit at the Khangira 
gas-processing plant near Sarrakha in 
northeast Iran was completed early in the 
year with the second unit scheduled for 
completion by yearend. Planned sulfur ca- 
pacity at the facility was about 450,000 tons 
per year. 

Iraq.—Sulfur exports overland through 
Kuwait, Jordan, and Turkey were about the 
same, 450,000 tons, as in 1983. The overland 
routes were necessitated by the destruction 
of domestic export facilities during the on- 
going war with neighboring Iran. The newly 
completed 528,000-ton-per-year sulfur recov- 
ery unit processing associated gas from the 
Kirkuk Oilfield was believed to be oper- 
ating at less than one-fifth of capacity. A 
90,000-ton-per-year recovery plant was 
scheduled to come on-stream at the Baiji 
petroleum refinery during the year. 

Kuwait.—New sulfur production capaci- 
ty, 535 tons per day, was completed at 
Kuwait National Petroleum Co.’s Mina Al- 
Ahmadi petroleum refinery. Sulfur storage, 
handling, and export facilities were also 
completed. A second recovery unit of equal 
capacity was scheduled for completion at 
the refinery in 1986. In 1984, the company’s 
Mina Abdulla refinery was in the midst of 
an upgrading project that included three 
270-ton-per-day sulfur recovery units. This 
project was scheduled to be completed dur- 
ing the first half of 1986. 

Mexico.—Frasch and recovered sulfur 
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output both increased, reversing the trend 
of the previous 4 years. The additional 
Frasch production reflects the startup of 
the Petapa Mine adjacent to the Jaltiplan 
Dome. The Jaltiplan plant was utilized to 
supply hot water and steam for the Petapa 
deposit. Recovered output from Petróleos 
Mexicanos operations, up 22%, as well as 
Frasch production was marketed by Azu- 
frera Panamericana S.A., a state-owned 
company. 

Poland.—A project to establish a new 
Frasch mine at Osiek, about 13 miles south 
of Tarnobrzeg, was approved. The new oper- 
ation would replace the Grzybow operation, 
which was nearing reserve depletion. Start- 
up of the new 1.2- to 1.5-million-ton-per-year 
mine was dependent on financing. 

Saudi Arabia.—Sulfur exports declined 
from 1.7 to 1.5 million tons. Exports exceed- 
ed output by nearly 800,000 tons exhausting 
vated stocks that had accumulated prior to 
June 1982 when exports began. A detailed 
article was published describing all aspects 
of the sulfur industry in Saudi Arabia.? 

In October, a fire severely damaged the 
export-oriented  prilling, materials han- 
dling, and warehouse facilities at Jubail. 
The General Petroleum and Mineral Orga- 
nization, a Government agency and owner 
of the facility, contracted with the Saudi 
Sulfur Co. to prill sulfur at Berri while 
damage to the Jubail facility was assessed. 
Saudi Sulfur had prilling facilities on-line 
by mid-November. The prills were trucked 
from Beri to Jubail for export. 
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Table 20.—Sulfur: World production in all forms, by country and source! 


(Thousand metric tons) 
Country? and source? 1980 1981 1982 1983P 1984* 
Algeria: Byproduct, petroleum and natural gas 14 15 *10 15 20 
Argentina? 
Native (from caliche) ——- --------------------—- z 10 m zL NA 
Byproduct, all sources _—-—----------------------— NA NA = = NA 
Totüls c am Pe Rn hv. m RO ed NA 10 2c - NA 
Australia: 
Byproduct: 
Metallurgy -—------------------------—— 167 171 157 140 140 
He ⁵ð- ee 13 114 17 13 13 
Jr ⁵³ðVj—S yy Lie F180 1185 174 153 153 
Austria: 
Byproduct: 
Metallürgy .— uunc ee 9 9 10 9 
Petroleum and natural gass --- 19 28 38 81 30 
GVpBUlD as cp ha ⁰yt. eL D 24 25 27 26 26 
| 7öC˙ö%1 NS es ER EE E EU 52 62 15 66 65 
Bahamas: Byproduct, petroleum 5 5 5 5 5 
Bahrain: Byproduct, petroleum 33 *36 34 49 50 
Belgium: Byproduct, all sources 210 210 1270 250 240 
Bolivia: rr. ³ðV ⁵ ns im 11 10 6 3 2 
Brazil: 
FFI ³· A mL UE T EE E ux m m 1 NA 
Jööõͤ a ͥ¹uſa0 ER 25 44 54 55 NA 
Byproduct: 
Metallurgy - -- -----------------------—- s 17 30 150 NA 
Petroleüm. ß ee De Eie: 131 102 100 110 NA 
PP ͥ deer ³ 156 163 184 316 NA 
Bulgaria: 
7//Cöĩöĩöêĩͤ.ĩö ³⁵˙ꝛü A flr ĩ² A MM E 300 200 200 200 200 
By product, all sources s 70 70 70 70 70 
I ͥͥͥ⁰Ü¹Ü ²ĩ⅛ w... cm enit atate rc 370 270 270 270 270 
Canada: 
Pýūrites Si gt AAA C 12 10 9 5 1 
Byproduct 
Metallurg, 903 783 627 678 875 
Natural gas- ͤĩ˙ðAU ⁰ 0mm (y 8 5,899 5,599 5,226 5,390 5,260 
Petroleummdʒdd --------------—---—--——- 160 160 160 170 165 
h,”, 86 286 247 259 330 302 
% ͥ ͥ e ³¹¹— ead citu 7,260 6,799 6,281 6,573 6,609 
Chile: | 
Native 
Refined oL ⁰ A 8 14 5 7 16 15 
Femieeese an 74 110 98 83 80 
Byproduct, metallurgy - /g 21 egg 32 €32 32 
Total 9257125 ht y ꝛ eol eee I M 115 143 137 131 127 
China:“ 
II ——Á—Ó——Ó—Á— 200 200 200 200 200 
17 TOL 1,700 1,800 1,800 72,300 2,100 
Byproduct, all sources ~- -—---------------—---——-— 300 300 300 T350 350 
6!!! eee 2,200 2,300 2,300 T2, 850 2,650 
Colombia 
F %ͤͤͥꝗͥ⁵ Ä ⁵³⁰ mc 26 26 33 31 30 
Byproduct, petroleum ________________________ 1 2 2 eg 3 
Total T RR HERREN 21 28 35 34 33 
Cuba: 
% ͥͥͥ]³¹w- Ä K ⁰ͤhk m w 22 14 20 20 20 
Byproduct, petrolurnnnnnnii.i ~~ __ 8 8 8 8 8 
c eee Te 30 22 28 28 28 


See footnotes at end of table. 


SULFUR 879 


Table 20.—Sulfur: World production in all forms, by country and source! —Continued 
(Thousand metric tons) 


Country? and source? 1980 1981 1982 1983P 1984* 
Ä QA m iE 25 19 26 21 20 
Czechoslovakia: 
ꝶJJ0ö¹1d1½½y 8 5 5 5 5 5 
6d ³ꝛ.ꝛmm! ꝛ˙¾mÄmnã; ͤ == y 8 60 60 60 60 60 
By product, all sour fes 10 10 10 10 10 
JJöõö·Üt¹nhꝗh—52:.. x 75 75 75 75 75 
Denmark: Byproduct, petroleum. - - - - - ------------——- 8 6 e6 e6 6 
Ecuador:* 
Native. cu zcdnesecee ⁰¹ ͤ e en Ee: 14 r2 5 5 5 
Byproduct: 
Natural gas- - - - - sss 5 5 5 5 5 
Petroleum. - - ß eee ee 5 5 5 5 5 
UY s pce aah t uA ert ee ie 114 112 15 15 15 
Egypt: Byproduct, petroleum and natural gas 3 2 2 1 2 
Finland: 
ĩĩũõͤ ³OꝛAA ²⁰¹ATk(uſ A NE 144 184 177 22A 230 
Byproduct 
Metallurgy —— ncn emen tS ee oe eee 247 234 270 265 260 
Petroleum®___________________________-_ 30 30 10 10 10 
177/Cö;—ꝛñ k ]ð ’ꝛ» e eS ee ee 421 448 457 499 500 
France: 
Byproduct: 
Natural gas- - - - ------------------ 1,840 1,701 1,668 1,654 1,630 
Petroleum- 2333 ee ee 226 221 283 157 160 
hh ³˙¼à¹q¹ĩ y 150 120 110 120 110 
f . ee SI ney eo en aN Eg 2,216 2,042 2,061 1,931 1,900 
German Democratic Republic:® 
FC P / wm a Se LE E E 10 10 Lu EE 2S 
Byproduct, all sources - ----------------------- 350 350 360 360 350 
Total cozens naa haa Rr Sli 360 360 360 360 350 
Germany, Federal Republic of: 
/ TAT ee 222 213 229 (ê) um 
Byproduct: 
Metallütgy. - - ---------------------—--- 450 400 400 400 350 
Natural gasse 814 834 872 632 860 
Petroleum" .. --------------------—-—-——-— 220 190 220 195 190 
DUnnflll;öĩ ð A 93 95 100 95 90 
Total ucc cse SE Mais eec DIM CURL e 1,799 1,732 1,821 1,322 1,490 
Greece: 
7 ͥ V cr ated 861 60 60 60 60 
Byproduct: 
Natural gl — ———————— rh EE TNR 4 97 *115 120 
Petroleum ____________________________ 4 7 8 d 5 
77/77; ³oÜ»'¹ LaL e e ec 65 71 165 T180 185 
Hungary:* 
))õãͥõùĩ7öĩ;—0ir.. ED Lm A AA 3 3 3 3 2 
Byproduct, all sources _____________________-_- 89 9 9 9 9 
% ͥ ˙o³ et re a ee 12 12 12 12 11 
India: 
17/0 ⁰¹·www he MP 34 23 22 25 27 
Byproduct: 
Metallurgßyh 2222222222 115 92 100 110 115 
, e e ense 5 4 5 4 5 
Tola. ct ³oÜÜ1wqAu. 154 119 127 139 147 
Indonesia Native ____________________________ (°) 1 1 3 4 


See footnotes at end of table. 
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Table 20.—Sulfur: World production in all forms, by country and source! —Continued 


(Thousand metric tons) 
Country? and source? 1980 1981 1982 1983? 1984° 
Iran:“ 
J ͥͥͥ ˙ͤ¹AWEm. D i 70 50 110 120 30 
By product, petroleum and natural gas 150 6 10 125 30 
; ³]oꝛ¹w---.ͤ mw. cd A LE 220 56 120 145 60 
Iran 
Cl as ie i e E : $700 $200 300 300 500 
Byproduct, petroleum and natural gas |... $40 840 40 40 70 
I oe ee ees EE 9740 8240 340 340 510 
Ireland: Pyrites® _._._______________ ieee 11 11 11 11 11 
Israel: Byproduct, petroleum and natural gas ...- 10 10 10 10 10 
Italy: 
N Ü;’é . LLL Le ALL LM LEE ME 23 20 10 5 88 
Oaa E MU y ⁰y E MEC 331 261 269 192 282 
Byproduct, all sources? !9_____----------------- 250 230 210 210 200 
% uL aea ea Ee Lee ee 604 511 489 407 490 
Japan: 
III... a ees 311 293 276 272 260 
Byproduct: 
Metallurg 1.300 1.236 1.268 1.239 1,172 
Petroleum. = 2.2 dd ; = = = = é 1,173 1,080 1,051 1,102 1,140 
Tol hia Sal oie Pee ³˙¹¹ et ees 2,784 2,609 2,595 2,613 2,572 
Korea, North:“ 
[7 Aero ⁵² . 8 250 225 200 200 200 
Byproduct, metallurgy - - - - g 30 30 30 30 30 
CC. ee ⁰yß ÉL Ee 280 200 230 230 230 
Korea, Republic of: 
PCM M ER (°) T Ae (°) (°) 
Byproduct:® 
Metallurgy --------------------------—— 54 54 54 54 54 
Fee!!! ĩ⁵ðVV ee 36 36 36 36 36 
Otal eur adm m LM DLE DM 90 90 90 90 90 
Kuwait: Byproduct, petroleum and natural gas 120 97 141 145 220 
Libya: Byproduct, petroleum and natural gas 22 16 20 20 20 
Mexico: 
Frasch uou ec al mE uda E 1,700 1,652 1,391 1,225 1,364 
Byproduct 
Metallurgy? gd 115 100 100 100 100 
Petroleum and natural gas 402 426 425 377 461 
Total" co ecu crei iei cul A Ltd 2,217 2,178 1,916 71,702 1,925 
Morocco: Pyrites ---------------------------—- 36 22 "e __ an 
Namibia: Pyrites -=-= ß e ieee 4 8 58 81 8104 
Netherlands:“ 
Byproduct: 
Metallurgy - - oe mu eso ee 90 90 100 100 90 
Petroleum: 22.46 eee Nee ees eee ee 52 55 65 105 105 
Totar Serta hes eee LLL EA E 142 145 165 1205 195 
Netherlands Antilles: Byproduct, petroleum 91 90 90 187 90 
New Zealand: Byproduct, all sources es (93) (9) (9) 1 1 
Norway: 
///»ͤ»ͤ ),, 193 7210 216 220 200 
Byproduct:* 
Metallurgy - --------------------------- 40 40 40 40 40 
Pre ĩ E 6 6 6 10 10 
p ß Se ee ee up, 239 1256 1262 1270 250 
Pakistan: 
7 ˙¹i / ³·⁰¹¹ͥ / Du. a 1 (9) 1 1 
Byproduct, all sources®__--------------------—- 14 114 19 726 26 
J!: y E o AC ei uu 15 14 20 21 21 


See footnotes at end of table. 
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Table 20.—Sulfur: World production in all forms, by country and source! —Continued 


(Thousand metric tons) 


Country? and source? 1980 1981 1982 1983P 1984* 
Peru: 
Nies 88 (9) (9) (9) (9) (9) 
Byproduct, all sources 20 20 58 65 70 
J %Vſ—ͥ wr: 20 20 58 65 70 
Philippines: 
Pyrites 333ͤ “-rl•ò 54 46 30 29 30 
By product, metallurgy - .. 222222222 — a es 57 130 
Total acne ——————————— 54 46 30 86 160 
Poland:!! 
Frasch e reete Che a A mM E 4,667 4,295 4,441 14,499 4,500 
Native n ulus e (E ð wd Ie LAE 518 418 494 1500 500 
Byproduct:* 
Metallurgy ____________________________ 300 300 300 300 300 
Petre), 8 30 30 30 30 30 
%ö§öÜ1 x M tela 20 20 20 20 20 
% ³Ü1Ü¹˙³ u——e— 5,535 5,123 5, 285 5,349 5,350 
Portugal: 
J ⁵ P toe Mt A Lee Ns e 155 135 116 124 105 
Byproduct, all sources _______________________-_ 2 2 2 e5 5 
(voc E" 157 137 118 129 110 
Romania:* 
PVCS p uS MA D he IU 350 300 200 200 200 
Byproduct, all sources ___ _____________~_________ 140 150 150 150 150 
Total e to i a e a o 490 450 350 350 350 
Saudi Arabia: 
7 i icto A ieee s 1 NA on Eus E 
Byproduct, petroleum and natural gas |... 460 600 900 1695 720 
) a ee eee 461 600 900 1695 720 
Singapore: By product, petroleum __________________~_ 12 (9) 15 4 5 
South Africa, Republic of: 
F et le ed et 493 502 465 474 440 
Byproduct:* 
Metallurgy mg FFF 100 100 135 125 120 
Petroleum- - ------------------------—_—- 25 27 25 32 30 
o D a ERN DE: 618 629 625 531 590 
Spain: 
PV CICS uo consec hg Lees tor od ride 8 1,096 1,118 1,029 1,073 1,100 
Byproduct: 
Coal (lignite) gasification® ___________________ 3 3 3 3 3 
Metallurgy come a i es eere 125 135 *125 *120 120 
Petroleume. ⁵ᷣ³ͤ AA t x vA D seg 12 12 210 eg 7 
Tah NN T Ne 1,236 1,268 1,167 11,204 1.230 
Sweden: 
j o WRT— te aa ͤ Aue De cA. 1249 202 204 206 200 
Byproduct: 
Metallurg — 130 130 130 130 130 
Unspecified “ese... 8 37 38 23 30 30 
///////—»; ⁵r⅛. ... . 1416 1370 357 366 360 
Switzerland: Byproduct, petroleum 3 3 3 3 3 
Syria: Byproduct, petroleum and natural gass 5 6 22 €30 35 
Taiwan: 
jqig Me resonan naa oe ne (9) (9) a MT ro 
Byproduct,allsources ________________________ 8 10 20 21 29 
Dis hei eeu tec tou IM Eu ec cei ian 8 10 20 27 29 
Trinidad and Tobago: Byproduct, petroleum_____________ 57 44 13 10 7 


See footnotes at end of table. 
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Table 20.—Sulfur: World production in all forms, by country and source! —Continued 


(Thousand metric tons) 


Country? and source? 


Pyrites 


Metallurgy 
Natural gas 
Petroleum 


United Kingdom: 
Byproduct: 
Metallurgy? 
Of petroleum refinery 
Spent oxides 


Byproduct: 
Metallurgy 


Total 


Yugoslavia: 
yrites 
Byproduct:* 
Metallurgy 


Total* 
Zaire: Byproduct, metallurgy* 


Zambia: 
Pyrites 
Byproduct, all sources 


Zimbabwe: 
Pyrites 


Grand total. 


See footnotes at end of table. 


Petroleum 


Byproduct, all sources 


— — — — — — — — — —— — — — — — — eae — H — 


Natural gas 
Petroleum 


— — a —— =e — — — —— — —— — —— — — — — 


Uruguay: Byproduct, petroleum? 
Venezuela: Byproduct, petroleum and natural gas* 


wee ae —— el — 


eee —À — — — 


1980 1981 1982 19835 1984* 

23 28 29 e31 35 

33 29 30 e25 30 

70 120 126 132 130 

126 177 185 188 195 

800 800 800 800 800 

2,000 2,000 1,900 1,800 1,800 

3,550 3,600 13,500 3,400 3,300 

40 40 40 40 40 

"800 "800 "800 "800 800 

12 200 12,250 12.300 '2,350 2,400 
200 200 200 200 

9,590 9.690 19,540 19,390 9,340 

50 50 50 50 50 

80 75 59 5⁵ 60 

4 4 4 4 4 

134 129 7113 109 114 

6,390 6,348 4,210 3,202 44, 193 

322 307 265 

1,003 1.159 828 831 $962 

1,757 1,971 1,960 2371 22,407 

2.316 2.288 2,444 2,584 22.807 

78 72 80 302 8283 

11,866 12,145 9,787 9,290 10,652 

2 2 2 2 2 

85 85 85 85 86 

252 274 340 357 320 

200 200 200 180 160 

5 4 4 3 3 

457 478 1544 r540 483 

25 25 25 736 36 

rl r(9) 1 25 25 

191 90 84 r egg 80 

r92 r90 85 105 105 

29 25 25 25 25 

5 5 5 5 5 

34 30 30 30 30 

54,983 "53,372 50,753 50,315 51,884 
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Table 20.—Sulfur: World production in all forms, by country and source! —Continued 
(Thousand metric tons) 


Country? and source? 1980 1981 1982 1983P 1984 
Grand total Continued 
Of which: 

ͤ§; BA ]⁰-ͥwmiA1v1v. 5 ee 14,257 13,295 11,142 10,027 11,357 
Din] —"——————— M Be r2 970 r2 945 2,799 2,103 2,715 
GPSHOS. exe ce E Cm ee ny ee 710,338 10,198 9,895 9,887 9,558 

Byproruct 
and coal gasification -------------- 43 43 43 43 43 
Metallurg 16, 280 6,183 5,811 5, 976 6,075 
Natural gas 12,515 712,364 12,128 12,517 12,682 
Petroleum _________~______________ 14,949 14742 4,916 5,011 5,160 
Petroleum and natural gas, undifferentiated _ _ 1,330 1,331 1,703 1,474 1,704 
Spent oxide s 4 4 4 4 4 
Tar sands________________________ 286 247 259 330 302 
Unspecified sources 11,967 11,975 2,006 2,291 2,238 
GVDBUID e eed cena 44 45 47 46 46 
*Estimated. Preliminary. Revised. NA Not available. W Withheld to avoid disclosing company proprietary 


data; included with Byproduct: Unspecified sources. 

1Table includes data available through May 28, 1985. 

In addition to the countries listed, a number of nations may produce limited quantities of either elemental sulfur or 
compounds (chiefly H2S or SO2) as a byproduct of petroleum, natural gas, and/or metallurgical operations, but output, if 
any, is not quantitatively reported, and no basis is available for the formulation of reliable estimates of output. Countries 
not listed in this table that may recover byproduct sulfur from oil refining include Albania, Bangladesh, Brunei, Burma, 
Costa Rica, Guatemala, Honduras, Jamaica, Malaysia, Nicaragua, Paraguay, and Yemen (Aden). Albania and Burma 
may also produce byproduct sulfur from crude oil and natural gas extraction. No complete listing of other nations that 
may produce byproduct sulfur from metallurgical operations (including processing of coal for metallurgical use) can be 
compiled, but the total of such output is considered as small. Nations listed in this table that may have production from 
sources other than those listed are identified by individual footnotes. 

The term "source" reflects both the means of collecting sulfur and the type of raw material. Sources listed include the 
following: (1) Frasch recovery; (2) native, comprising all production of elemental sulfur by traditional mining methods 
(thereby excluding Frasch); (3) pyrites (whether or not the sulfur is recovered in the elemental form or as acid); (4) 
byproduct recovery, either as elemental sulfur or as sulfur compounds from coal gasification, metallurgical operations 
including associated coal poem , crude oil and natural gas extraction, petroleum refining, tar sand cleaning, and 
processing of spent oxide from stack-gas scrubbers; and (5) recovery from the processing of mined um. Recovery of 
sulfur in the form of sulfuric acid from artificial gypsum produced as a byproduct of phosphatic fertilizer production is 
excluded because to include it would result in double counting. It should be noted that production of Frasch sulfur, other 
native sulfur, pyrites-derived sulfur, mined gypsum-derived sulfur, byproduct sulfur from extraction of crude oil and 
natural gas, and recovery from tar sands are all credited to the country of origin of the extracted raw material; in 
contrast, byproduct recovery from metallurgical operations, petroleum refineries, and spent oxides are credited to the 
nation where the recovery takes place, which in some instances is not the origingl source country of the crude product 
from which the sulfur is extracted. 

*Byproduct pyrite and pyrrhotite from the processing of metallic sulfide ores. 

5In addition, may produce limited quantities of byproduct sulfur from oil refining. 

Revised to zero. 

"Includes only the elemental sulfur equivalent of sulfuric acid produced as a byproduct from metallurgical furnaces; 
additional output may be included under Byproduct: Unspecified sources.” 

®Reported figure. 

®Less than 1/2 unit. 

1°Includes recovery from gypsum, if any. 

110fficial Polish sources report total mined elemental sulfur output annually; this figure has been divided between 
Frasch and other native sulfur on the basis of information obtained from supplementary sources. Therefore, although 
both numbers are estimates, the total is not an estimate. 


TECHNOLOGY 


At an international conference, Sulphur 
—84, presentation of 103 papers included 4 
major topic areas: sulfur trade and trans- 
portation, production and engineering as- 
pects of recovered sulfur, new product appli- 
cations, and agricultural uses of sulfur.’ 


1Physical scientist, Division of Industrial Minerals. 

2British Sulphur Corp: Ltd. (London). Sulphur. Saudi 
Arabia: A New Phase of Sulphur Exports Begins. No. 173, 
July-Aug. 1984, pp. 20-23. 

The Sulphur Development Institute of Canada. Pro- 
ceedings of Sulphur—84. An International Conference 
(Calgary, Alberta, Canada, June 3-6, 1984). June 1985, 847 
pp. 
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Talc and Pyrophyllite 


By Robert A. Clifton! 


Total domestic production of talc and 
pyrophyllite combined increased 10% in 
1984, and sales increased 4%. Exports of 
talc increased 17% in tonnage and 25% in 
value. 

Domestic Data Coverage.—Domestic pro- 
duction data for talc and pyrophyllite are 
developed by the Bureau of Mines from a 


voluntary survey of U.S. operating mines. 
Of the 39 mines to which a survey request 
was sent, 34 responded, representing 87% of 
U.S. production data shown in table 1. 
Production for the nonrespondents was esti- 
mated using reported prior year production 
levels adjusted by trends in employment 
and other guidelines. 


Table 1.—Salient talc and pyrophyllite statistics 
(Thousand short tons and thousand dollars) 


1980 1981 1982 1983 1984 
United States 
Mine e production, crude: 
SCOPE ELE 1,121 1,236 1,049 980 1,085 
Pyrephyllite JJ UH erence RN eee S 113 107 87 87 85 
Total ons %Üi e aL 1,240 1,343 1,135 1,066 1,170 
Value 
PEPEES As teste a ⁵ðZũĩ ⁵ĩðVẽK cea ERE $18,600 $21,600 $19,540 818,998 $23,333 
Pyrophyliite rn ⁰ RE ORE RS 837 1,016 1,131 1,282 1,412 
Total. d Jae ie At 19,437 22,616 20,671 20,280 24,745 
Sold by 5 crude and processed 
Jö ³ ³ B et es cy Be 1,178 1,115 915 1,038 1,115 
Pyrophyllite JJ ⁵ðVöud ene 8 158 106 110 125 97 
Total uideo coL LL Eu LUN ok Ui erre 1,331 1,221 1,025 1,163 1,212 
Value 
n unte RTT $84,523 . $95,354 $82,104 $104,739 $112,829 
Pyrophyllite. - - - ----------------—--—-——- 4,254 3,454 3,557 4,057 3,578 
Total ³⁰ oL Sire 88,777 98,808 85,661 108,796 116,407 
Exports? (tale 215 311 232 218 256 
NAME RNC ccc RN $14,963 $15,095 $12,957 $12,916 816, 162 
imp for consumption (tale) 21 27 27 44 45 
)) ⁵⁵KÄ0¾ y ĩͤ Gia a ease: 83,720 $5,834 $6,264 $7,691 $9,156 
A 8 consumptioonun?lvèèẽ.tv.çe: LLL LLL LLL Llc 1,077 937 820 989 1,009 
World. PH. 8 18,307 78,018 1,161 57,800 7,967 


“Estimated. Preliminary. Revised. 


Data may not add to totals shown because of independent rounding. 
Excludes powders talcum (in package), face, and compact. 
Production plus imports minus exports adjusted for changes in stocks. 


Legislation and Government Pro- 
grams.—The National Defense Stockpile in- 
ventory of talc, block or lump, was 1,081 
short tons at yearend, far exceeding the 
goal of 28 tons. The inventory of ground 


talc, for which no goal had been established, 
remained at 1,809 tons. 

The allowable depletion rates established 
under the Tax Reform Act of 1969 remained 
at 22% for domestic and 14% for foreign 
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block steatite. 

U.S. import duties on talc minerals from 
most favored nations were crude and un- 
ground, 0.02 cent per pound; ground, wash- 
ed, powdered, and/or pulverized, 3.8% ad 
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valorem; cut, sawed, or in blanks, crayons, 
cubes, disks, or other forms, free; and other 
not specifically provided for, 4.8% ad valor- 
em. 


DOMESTIC PRODUCTION 


Talc.—U.S. mine production of crude talc 
increased about 11% in tonnage and 23% in 
value. Talc, including soapstone, was pro- 
duced at 39 mines in 11 States. California 
led all States in the number of producing 
mines with 12. Montana, New York, Texas, 
and Vermont accounted for 91% of domes- 
tic talc production. Montana continued to 
lead all States in the value of talc produced. 

The six largest domestic producers of talc, 
listed alphabetically, are Cyprus Industrial 
Minerals Co. and Pfizer Inc., Minerals, Pig- 
ments & Metals Div., with mines in Califor- 
nia and Montana; Southern Clay Products 
Inc. and Texas Talc Co., in Texas; R. T. 
Vanderbilt Co. Inc, in New York; and 
Windsor Minerals Inc, in Vermont and 
California. 

Acqui-Tal Inc., a newly formed Vermont 
corporation, recently bought the Johnson 
Talc Mill and the land around it from the 
Eastern Magnesia Talc Co. Acqui-Tal has a 
service contract with the Vermont Talc Co., 
whose increased demand for processed talc 
was a driving force behind the creation of 
Acqui-Tal and the purchase of the mill. 
Vermont Talc will send ore mined at its 
Chester mine to Johnson Talc, where Acqui- 
Tal will process it according to Vermont 
Talc’s specifications. Vermont Talc will 
then market the finished product. 

In a related event, Vermont Talc asked 
the State for permission to start site prepa- 
ration to double its Chester plant’s capacity. 

Nicor Mineral Ventures, a Colorado min- 
ing company, described plans for a $10 
million talc mine near Ennis and a process- 
ing plant near Three Forks, both in Mon- 
tana. Nicor, the operator, has Meridian 
Land and Minerals Co. as a partner. The 
mine and processing plant, expected to open 
in 1985, would employ 39 people initially 
and eventually as many as 89 workers. 


The open pit mine will be located in the 
Madison River Valley, about 20 miles south 
of Ennis and adjacent to Cyprus Industrial 
Minerals’ Yellowstone talc mine. 

The minesite has an identified reserve of 
1 million tons of talc. Nicor officials have 
estimated the lifespan of the mine to be 13 
years and said the mine would produce 13.8 
million tons of waste during its lifetime. 
The entire project will occupy about 200 
acres. The surface area already has been 
stripped, and mining will begin after a 
hard-rock mining permit is issued by the 
State. 

The mill would be a separate facility 
located at the junction of highways 287 and 
10, 15 miles southwest of Three Forks. Talc 
will be shipped from the mine to the mill by 
trucks. 

Pyrophyllite.—Pyrophyllite was produc- 
ed by four companies operating seven mines 
in California and North Carolina. Total 
production decreased slightly. 


Table 2.—Crude talc and pyrophyllite 
produced in the United States, by State 


(Thousand short tons and thousand dollars) 


1983 1984 
State Quan- 

tity Value tit Value 

California 71 1,289 74 1,642 
Georgia (talc) |... 14 101 15 104 
North Carolina 89 1,452 87 1,587 
Oregon (talc)__ _ __ W W (1) 66 
Texas (talc). _____ 250 3,933 283 5,703 
Other? (talc) |... 642 13,505 711 15,643 
Total 1.066 20, 280 1,170 24,145 


W Withheld to avoid disclosing company proprietary 
data; included with Other.“ donc: 

Less than 1/2 unit. 

7Includes Arkansas, Montana, New York, Vermont, 
Virginia, Washington, and State indicated by symbol W. 
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CONSUMPTION AND USES 


Apparent domestic consumption of crude 
and processed talc and pyrophyllite increas- 
ed 2%. Sales of talc and pyrophyllite in- 
creased 4% in tonnage and 7% in value. 

End-use distribution of ground talc was 
ceramics, 37%; paint, 19%; paper, 10%; 
roofing, 9%; plastics, 7%; cosmetics, 5%; 
rubber, 3%; insecticides, 1%; and the re- 
mainder went to a variety of miscellaneous 


uses. 

The largest portion, 3595, of domestically 
produced ground pyrophyllite was used in 
ceramics, 25% in refractories, 17% in insec- 
ticides, 7% in roofing, and the remainder in 
other uses. A significant portion of pyro- 
phyllite was imported and ground for use in 
the ceramics industry. 


Table 3.—End uses for ground talc and pyrophyllite 


(Thousand short tons) 
1983 1984 
Use x 2 
Tale P Total Taic FYTOPhy! Total 

Ceramics 319 27 346 358 29 387 
Cosmetics! -2 -L 50 E 50 44 44 
Insecticides s 5 12 17 8 14 22 
PJJ00!:kk! euo ee 166 1 167 189 1 190 
!A ĩ2 ĩͤ ͤ Sere 81 te 81 100 XP 100 
Plastics ntu ce ieu sme 57 ] 58 67 1 68 
Refractories_____________________ 2 23 25 4 21 25 
Roofing. oo uten ette cuc n ur 98 7 105 86 6 92 
Rubber________________________ 28 "m 28 29 PE 29 
Other? as 95 13 108 85 11 96 
Total. ete eet Ld 901 84 985 970 83 1,053 


„Incomplete data. Some cosmetic talc known to be included with “Other.” 
2Includes art sculpture, asphalt filler and coatings, crayons, floor tile, foundry facings, rice polishing, stucco, and uses 


not specified. 


PRICES 


Talc prices varied depending on the quali- 
ty and degree and method of processing. In 
general, yearend reported prices remained 
steady except for minor increases and for- 
eign exchange fluctuation. These prices, 
however, did not reflect the midyear reports 
of a paint publication. In the first of these, it 
was reported that talc demand was strong 
and that a 5% across-the-board increase in 
talc prices was imminent.? The next week a 
$20 per ton increase for micronized Mon- 
tana talc from one producer was reported. 

At yearend, the same publication dis- 
cussing paint extenders indicated that only 
talc seemed to be immune from discounting 
during 1984.* Prices, quoted by Engineering 
and Mining Journal, December 1984, per 
short ton of domestic ground talc, in carload 


lots, f.o.b. mine or mill, including contain- 
ers, were as follows: 


New Jersey: 
Mineral pulp, bags extra $18.50-$20.50 
Vermont: 
98% through 325 mesh, bulk 70.00 
99.99% through 325 mesh, bags: 
Dry processed | ---------—- 147.00 
Water beneficiated ________ 213.00-228.00 
New York: 
96% through 200 mesh... 62.00- 70.00 
98% to 99.25% through 325 mesh 78.00- 80.00 
100% through 325 mesh, 
fluid-energy ground .. 160.00 
California: 
Standard _____~____________ 69.50 
Fractionated ______________ 37.00- 71.00 
Micronized ________________ 62.00-104.00 
Cosmetic steatitte 44.00- 65.00 
Georgia: 
98% through 200 mess 50.00 
99% through 325 mesh... 60.00 
100% through 325 mesh, 
fluid-energy ground _________ 100.00 
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American Paint & Coatings Journal, 
December 24, 1984, listed the following 
prices per short ton for paint-grade talc in 
carload lots: 
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Approximate equivalents, in dollars per 
short ton, of price ranges quoted in Industri- 
al Minerals (London), December 1984, for 
tale, cif. main European ports, were as 
follows: 


California: ai 
m 
A fbit, Heg HezmanNo $31/2 __. $108.00 Aunelan, cosmetic (ex store 8180-8193 
egman No. 4-0 -- . g 
Canada: Fine Miton: H No. 6 176.00 gound oe 5 meee os et ee 185 Ios 
Montana: Ultrafine grind, Hegman No. 6 145.00 French,fineground. ... — 124- 235 
N OE ill Italian, cosmetic-grade.. - - - - - ---—— 228 
onfibrous, bags, m Chinese, normal (ex store): 
98% through 325 len 78.00 irg n 174 
99.6% through 325 mesh _ _ _ _ _ 91.00 UK 325 meh 186 
Trace retained on 325 mesh 14600 New York, paint, minimum 20-ton lot 242 
FOREIGN TRADE 


Exports.—Talc exports increased 17% 
while the average price of these exports 
increased 7% to $63 per ton. These prices 
varied from $35 per ton for material ship- 
ped to Mexico to more than $500 per ton for 
material sent to several smaller countries. 

Mexico remained the major importer of 
USS. talc, accounting for 42% of the tonnage 
shipped, followed by Canada, 30%; Japan, 
9%; and Belgium-Luxembourg, 4%. Cana- 
da, however, continued to lead in value of 
imports with 33% of the total compared 


with Mexico’s 23%. A total of 51 countries 
were recipients of U. S. talc. 

Imports.—U.S. imports for consumption 
of talc increased 2%. Crude from Australia 
disappeared from the market. Imports from 
Canada increased by 38%. Canada, which 
supplied 56% of total imports, remained the 
leading source of imported talc, followed by 
Italy with 21%. These two countries were 
also first and second in value of imported 
talc. 


Table 4.—U.S. exports of talc! 
(Thousand short tons and thousand dollars) 


: eei Canada? Japan Mexico Other? Total 
ear — — Á—M— ——— — — cs — 
1980__------- 24 1,412 68 1.960 13 957 161 3,648 9 3,986 275 14.963 
198155 en 17 1,964 79 4,632 9 900 164 4,256 42 4,343 311 15,095 
1982... .....- 18 1,263 63 4,208 9 439 102 3,083 40 3,964 282 12,957 
1988________~- 1 55 74 4,629 16 1,077 86 2,805 4l 4,350 218 12,916 
1984 eo 11 722 76 5,265 22 1.518 107 3, 696 40 4,961 256 16,162 


1Excludes powders—talcum (in package), face, and compact. 
Probably includes shipments in transit through Canadian ports. 


3Includes 47 countries. 
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Table 5.—U.S. imports for consumption of talc, by country 
Ground, washed 
Crude and à $ Cut and Talc, otal 
unground aky saw n.s.p.f. unmanufactured 
Country — e — e MÀ — 
Quantity Value Quantity Value Quantity Value Value Quantity Value 
(short (thou- (Short (thou- (short (thou- (thou- (short (thou 
tons) sands) tons) sands) tons) sands) sands) tons) sands) 
1982 _________ 9,103 $1,734 16,169 $2,495 1,231 $986 $1,049 26,503 $6,264 
1983: 
Australia 11,007 951 ee m D cm m 11,007 951 
Brazil ______ 41 7 41 7 905 324 7 987 345 
2 5 2 17,848 2,433 164 240 26 18,017 2,701 
China S En 19 2 34 34 338 374 
India -___--- 1 88 21 6 6 377 5 407 
Italy 7,225 1,295 188 56 E Gh 8 7,413 1,359 
Korea, Republic | 
of. a E 2,000 426 116 51 2,116 483 
Other?______ 2,643 13 1,517 670 146 192 196 4,306 1,071 
Total ____ 20,922 2,211 21,701 8,615 1,371 853 952 43,994 7,691 
1984: 
Brazil e Le. 1 1,215 482 7 1,331 512 
3 24 1 24,586 3,911 205 208 23 24,815 4,143 
China "m 8 t mo m 179 169 355 179 524 
India ^ uu NA 93 13 36 417 13 546 
Italy |... 9,315 1,706 137 48 E nes hr 9,452 1,754 
Korea, Republic 
G "M Cos 2,434 798 104 50 8 2,538 848 
Other? . . 5,529 333 705 253 91 85 158 6,325 829 
Total 14, 868 2,040 27,978 5,126 1,807 1,030 960 44,653 9,156 
NA Not available. 
1Includes 23 countries. 
2Includes 25 countries. 
WORLD REVIEW 


The United States remained the world’s 
largest talc producer, and Japan remained 
the largest pyrophyllite producer. Together, 
they accounted for 35% of the world’s talc 
and pyrophyllite production. 

A discussion of the latest (1984) Roskill 
talc and pyrophyllite economic report in a 
British chemical magazine revealed that, 
without final data, 1984 was seen to be a 
market recovery year for world talc demand 
in all major end-use markets. An interest- 
ing trend in the article indicated that since 
the mid-1970’s, rising transportation costs 
have coincided with rising Third World 
demand for talc to feed the indigenous 
ceramics, paint, and paper industries, par- 
ticularly in Brazil, North Korea, and Tai- 
wan. As a result, closer sources are being 
developed, especially in Brazil and China. 

Australia.—The Three Springs Mine of 
Western Mining Corp. and its partner, 
Kalgoorlie Southern Gold Mines NL, re- 
sponded to a surging demand by adding a 
second shift. Production in the second half 
of the year doubled over that in the first 
half as sales nearly quadrupled. 

Included in the sale of Steetley Industries 
Ltd. to Anglo American Corp. of South 


Africa Ltd. was Steetley Industries’ talc 
mine in South Australia. 

Canada.—An information service release 
gave some details about the Canadian talc 
industry.* The report stated that the name- 
plate production capacity of the four talc 
operations at 80,000 tons per year and 
the pyrophyllite operation at 50,000 tons 
per year remained unchanged from 1976 
through 1982. The domestic demand never 
exceeded the record high 51% of production 
in 1979, and exports were roughly double 
domestic demand throughout the period. 

The ongoing expansion of the two talc 
mines in Ontario was reported.’ The article 
indicated that Canada Talc Ltd. was in the 
early stages of a more than Can$3 million 
investment program, augmented by a 
Can$825,000 grant from Ontario's Ministry 
of Natural Resources, to expand its talc and 
dolomite mines at Madoc and to construct 
new processing facilities at Marmora, 17 
kilometers to the west. The delineation of 
two new ore bodies by Canada Talc has 
provided added impetus to increase output 
of products for paint, tile, rubber, plastics, 
and other filler applications. 

Steetley Talc Ltd., a division of Steetley 
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Industries, produces ultrafine grades of 
white talc at its Timmins processing plant. 
Since acquiring the talc operations in 1978, 
Steetley Talc has made numerous modifica- 
tions at the mine and concentrator in Pen- 
horwood Township as well as at the Tim- 
mins facilities. Steetley Talc is also engaged 
in a multimillion dollar expansion program 
that will provide greater flexibility to meet 
increased market demand for its products 
by the cosmetics, paper, paint, and plastics 
industries. 

The article also disclosed that in British 
Columbia the International Marble and 
Stone Co. Ltd. is initiating trial shipments 
from its property west of Creston. The 
product is a relatively low-quality ground 
talc for applications such as filler and dust- 
ing components in asphalt trades. 

Japan.—A breakdown of Japanese pro- 
duction data for both talc and pyrophyllite 
from 1978 through 1981 revealed that talc 
production averaged only 11% of the total 
for that period. 

Korea, Republic of.—Industrial Minerals 
(London) summarized the talc industry in 
the Republic of Korea.* Total talc produc- 
tion was 189,000 tons in 1983, a substantial 
increase over the 138,000 tons in 1982 but 
still below the 198,000 tons produced in 
1981. There are 10 mines, but more than 
110,000 tons of the 1983 total came from a 
single mine operated by Ilshin Industrial 
Co. Ltd. The company's sole operating mine, 
with a capacity of about 220,000 tons per 
year of crude ore, is at Dong Yang, roughly 
in the middle of the country. Reserves of 
good-quality talc are estimated at about 6.6 
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million tons, and the company nominally 
estimates its total reserves from all sources 
as 550 million tons. The talc is very pure, 
although at the contact surfaces there may 
be some actinolite, calcite, or tremolite. 

A substantial portion of the output of talc 
from the company is exported. Most of the 
exports are to other Asian countries, with 
Japan taking about one-half of the total. 
The company estimates that 60% to 69% of 
its output is used in the paper industry, 
with the rest consumed in cosmetics, paint, 
and insecticides. Government figures for 
1981 show that 81% of the Republic of 
Korea’s total talc consumption (excluding 
exports) was used in the paper industry 
compared with 56.3% in 1978. Talc is an 
important paper filer in the Republic of 
Korea because domestic kaolin production 
is not paper-grade quality, and most of the 
requirements are met by imports. Because 
of the lack of other paper fillers, the Repub- 
lic of Korea has concentrated on the main 
domestic filler material available, in a simi- 
lar way to Finland. Some talc also is used as 
a pitch control in paper. 

Because of talc's fine grain, it can be used 
for some very high-value applications. 
Lumps of talc are used as a carving medi- 
um, and Ishin has a section that produces 
and sells talc carvings. Also, talc sticks are 
produced for use in the iron and steel indus- 
try for marking hot metal and by welders 
for marking welding areas on metal. These 
products have both domestic and interna- 
tional markets. Although the talc from 
Ilshin is used as a white filler, it cannot 
normally be used in ceramics. 


Table 6.—Talc and related materials: World production, by country! 


(Short tons) 
Country? 1980 1981 1982 1983P 1984° 

Argentina (talc, steatite, pyrophyllite) _ _ 36,080 39,925 31,849 32,729 32,500 
Australia 188,455 191, 476 168,424 r e165, 000 165,000 
Austria (unground tale) 128,648 128, 336 129,072 134,623 136,000 
Brazil (tale and pyrophyllite? |... 455,316 555,184 446,731 r €500,000 500,000 
Burma _____________________ 367 141 141 141 150 
a tg (shipment) 95,901 98,106 €79,000 €107,000 139,000 
T mM rS a a Nd ns 1,256 7 312 702 550 
China⸗ REIR PEARL SE A TENTS NC 1,010,000 990,000 1,050,000 71,050,000 1,050,000 
Colombia 6,504 6,669 6,878 1,318 7,400 
uu CX D ILL y ĩͤ E e um f 4,417 6,3 9,139 4,981 6,600 
qure aderire -2“ꝰ“ d 350,425 339,418 358,251 351,009 342.000 
P (ground tal ea ek rater yo ee 332,435 340,911 304,723 315, 591 ,000 

Germany, Federal Republic of 
(marketable) ________________ 17,085 17,021 16,789 15,773 15,000 
Greece (steatit· )) 41,609 1,500 1,600 *1,666 1,700 
2222 Sad KON Eee PEE RD SEES VER 19,300 19,300 18,700 18,700 19,300 
pud es ates, 8 401,366 405,175 379,129 389,162 400,000 
88080 (talc andsteatite |... 182,879 180,106 180,746 175,239 165,000 
Bo EE ay 8 1,927,718 1,703,125 1,644,982 1,615,791 1,666,000 
Korea, Ne 2 marr eh eres 185, 185,000 185,000 185,000 185,000 


See footnotes at end of table. 


TALC AND PYROPHYLLITE 


89] 
Table 6.—Talc and related materials: World production, by country! —Continued 
(Short tons) 

Country? 1980 1981 1982 1983P 1984* 
Korea, Republic of (talc and pyrophyllite) 192,152 622,383 651,594 696,810 660,000 
|. (>.< + oo . 11,120 15,178 13,525 16,636 16,500 
Népal. A 1,609 78 3,310 16,825 22, 000 
Norway 96,601 193,981 r €94,000 r €96,000 94,000 
Pakistan (pyrophyllite) ----------—- 33,069 ,5 24,871 17,598 22,000 
Paraguay ___________________ 276 165 165 130 140 
Peru (talc and pyrophyllite)®________ 19,474 10,000 9,500 9,500 9,000 
Philippines 951 492 1.111 968 1,100 
// ³·˙O A uim EL 2, 864 7,014 5,445 6,018 5,300 
Romani 66,000 66,000 66,000 66,000 12,000 
South Africa, Republic off 15,836 16,674 15,226 12,337 15,700 
Spain (steatite) ________________ 81,515 76,134 69,099 76,574 7,000 
Sw sih 1 ETES E eee 17,478 17,175 19,569 7,000 17,000 
Taiwán- i o V yt 10,925 3 33,798 29,821 21,000 
Thailand (talc and pyrophyllite ___ - — 12,926 13,266 24,249 22,209 24,000 
USSR uu oe oe cti. 540,000 550,000 560,000 560,000 510,000 

United Kingdom 19,000 19,800 21,000 17,600 17, 
United States (talc and pyrophyllite) .. .. — 1,240,421 1,342,916 1,135,415 1,066,000 41,170,000 
Uruguay 2,432 1,900 1.262 1,323 1,300 
Zambia- _-----------------—- 284 1,015 299 275 275 
Zimbabwe __________________- 503 425 298 *300 215 
l ³⁰¹AA i ae 18,306, 803 18,017,894 7,161,208 7,800,344 1,961,390 

*Estimated. Preliminary. ‘Revised. 


1Table includes data available through May 14, 1985. Data represent total production of talc and all related materials 


unless otherwise specifi 


?In addition to the countries listed, Czechoslovakia produces talc, but available information is inadequate to make 


reliable estimates of output levels. 


Total of beneficiated and salable direct shipping production of talc and pyrophyllite. 


“Reported figure. 
5Includes talc, pyrophyllite, and pyrophyllite clay. 


Data based on Nepalese fiscal year beginning mid-July of year stated. 


7Includes talc and wonderstone. 


TECHNOLOGY 


The utility of continuous mining ma- 
chines (CMM) in the production of a salable 
product was described at the 1984 Society of 
Mining Engineers-American Institute of 
Mining, Metallurgical, and Petroleum Engi- 
neers Fall Meeting. The presentation indi- 
cated that the CMM’s had proven to be 
extremely useful with their capability to 
selectively mine open pit and underground 
ore bodies, to avoid unmarketable low 
grade, to limit stress to mine pit walls, to 
minimize support requirements under- 
ground, to supply essentially precrushed ore 
to the mills, and most importantly, to pro- 
vide a safe working environment for work- 
ers and machines. The Rainbow Pit Mine 
operated for 51 months without a lost-time 
accident. 

The versatility of tremolitic talc in the 
ceramics industry was described in a British 
journal. ^ The successful application of 
tremolitic talc in whitewares (semivitreous 
ware and vitreous ware), glazes, and refrac- 
tories was discussed. Typical semivitreous 
bodies include wall tile, art pottery, and 
dinnerware. Tremolitic talc has been found 
to be an ideal raw material because it 


produces high-thermal expansion bodies 
through the formation of enstatite, which 
tends to prevent crazing; it produces low- 
moisture expansion bodies, resulting in 
good resistance to delayed crazing; it con- 
tains 30% to 50% prismatic tremolite, 
which aids dry pressing; it permits faster 
wet pressing; it eliminates lamination; and 
iti improves product density. 

It is especially suitable for high-talc, low- 
temperature casting bodies through control 
of specific resistance on certain grades, and 
low-firing temperatures and  fast-firing 
schedules are possible, which conserve ener- 
gy and, in many cases, reduce cost. 

Current and potential uses of talc in the 
paper industry were discussed in the lit- 
erature." It was noted that the mineral 
most frequently used in the paper is kaolin, 
both as a filler and as a coating pigment, 
and that calcium carbonate has also gained 
ground during the past few years. However, 
talc is important as a filling agent in the 
paper industry in Finland, France, and 
Japan. Ás a coating pigment, talc is still 
rather unusual; however, research, particu- 
larly in Finland, indicates that this kind of 
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application will spread in the future. Unlike 
other minerals, talc is also commonly used 
for the elimination of pitch problems in the 
pulp and paper industry. 

Talc meets the requirements of softness 
and chemical inertness set by the paper 
industry for the minerals used in the manu- 
facturing process and has acceptable optical 
properties. In the production of some paper 
grades, the platy shape of talc particles 
enhances some properties, but the surface 
chemical characteristics of talc have both 
advantages and disadvantages. Since miner- 
als must be dispersed with water before 
application, talc can cause problems, es- 
pecially in coating, because of its water- 
repellent surface. 

Many species of trees contain fatty and 
resinaceous acids and their compounds, 
which remain in the pulp after processing. 
These compounds, when agglomerated, can 
cause serious problems with economic con- 
sequences by adhering to machinery and 
equipment in the pulpmaking and paper- 
making process. A finely ground material 
capable of adsorbing pitch onto its surface is 
needed to prevent agglomeration and adhe- 
sion of pitch particles. With its organophilic 
character, talc is a suitable medium. A 
significant advantage of talc compared with 
other pitch control materials is that pitch is 
incorporated in the end product and leaves 
the process. In this way, it also acts as a 
filler and prevents concentrated pitch from 
accumulating in the process, thus reducing 
the effluent load. 

The requirements the paper industry sets 
on the minerals it uses for fillers are strict. 
In general, low density, freedom from impu- 
rities, low abrasiveness, and insolubility are 
desirable properties. A good optical effect is 
also an asset, although the requirements on 
brightness and opacity are often conflicting. 
By adsorbing pitch and other organics, talc 
will cleanse the water and pulp systems of 
paper machines. Talc repels water and 
adsorbs organic matter also in finished 
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paper. The water adsorption of paper is 
reduced, and talc binds printing inks pre-. 
venting them from penetrating into the 
structure of paper. The softness of talc is of 
great economic importance in papermak- 
ing, because its abrasive effect on machin- 
ery is low. This is particularly clear in the 
prolonged life of wires used for removal of 
water from the pulp. 

The largest problem area of talc in coat- 
ing applications is its surface chemistry. 
The small particle size of talc used in coat- 
ing adds to the problem. To achieve the 
desired paper technical properties, talc 
must be micronized to a particle size below 
10 micrometers. Without suitable alteration 
in the surface chemical properties, wetting 
of coating talc with water is extremely slow, 
and reaching a sufficiently high solids con- 
tent is impossible. 

Studies in Finland have shown that by 
using pelletized talc, a special mixer, and a 
suitable combination of chemicals, it is now 
possible to disperse talc less than 10 mi- 
crometers to a stable, liquid slurry of almost 
70% solids content. The slurry is suitable 
for use with other common constituents 
incorporated in the coating mixture. The 
properties of this mixture are almost identi- 
cal with the corresponding kaolin mixture 
and is an acceptable substitute. 


! Physical scientist, Division of Industrial Minerals. 
"American Paint & Coati Journal. The Market. 


i V. 68, No. 52, June 11, 1984, p. 26. 


. The Market. V. 68, No. 53, June 18, 1984, p. 21. 
, . Calcined Clay Headed for Paper Industry, 
Distributor's Directory. Dec. 31, 1984, pp. 18-14. 

*Manufacturing Chemist (London) Recovery Seen in 
World Talc Demand. V. 55, No. 10, Oct. 1984, p. 23. 

Corpus Information Services. Talc. Oct. 31, 1983, p. 2. 

"Industrial Minerals (London). Ontario, Industrial Min- 
erals in Canada. No. 200, May 1984, pp. 83-89. 

5Dickson, T. Korean Industrial Minerals—A Brief Sum- 
mary. Ind. Miner. (London), No. 202, July 1984, pp. 57-61. 

Miller, R. N. Talc Mining in Vermont: The Application 
of Continuous Mining Machines. Pres. at Soc. Min. Eng. 
AIME Fall Meeting, Denver, CO, Oct. 24-26, 1984. Soc. 
Min. Eng. preprint 84-358, p. 3. 

Johnson, R. L. Talc. Ceram. Bull. (London), v. 36, No. 5, 
May 1984, pp. 687-688. 

11Huuskonen, J., and P. Ahonen. Talc as a Raw Material 
in the v aed Industry. Paper in Raw Materials for the 
Pulp and Paper Industry. Met. Bull., 1984, pp. 65-68. 


Thorium 


By James B. Hedrick! 


Domestic mine production of monazite, 
the principal source of thorium, increased 
in 1984. Associated Minerals Ltd. Inc. was 
the only domestic monazite producer. Do- 
mestically mined monazite was exported, 
and all thorium products used in the United 
States were imported or produced in the 
United States from either imported materi- 
als or from existing company stocks. W. R. 
Grace & Co. and Rhóne-Poulenc Inc., a 
subsidiary of Rhóne-Poulenc S.A. of France, 
were the principal processors of thorium- 
containing ores and compounds in the Unit- 
ed States. 

Major nonenergy end uses were in aero- 
space alloys, mantles for incandescent lan- 


terns, welding rods, and refractory applica- 
tions. The only energy use of thorium in the 
United States was in the high-temperature, 
gas-cooled nuclear reactor at Fort St. Vrain, 
CO. 

Domestic Data  Coverage.—Domestic 
mine production data for monazite contain- 
ing thorium are developed by the Bureau 
of Mines from one voluntary survey of U.S. 
operations. This is the Rare Earths and 
Thorium survey. The one mine to which a 
survey form was sent responded, represent- 
ing 10096 of total production. Mine produc- 
tion data for thorium are withheld to avoid 
disclosing company proprietary data. 


Table 1.—Salient U.S. thorium statistics 
(Metric tons of ThO:, unless otherwise specified) 


Exports: Ores and metals 
Imports: Compounds and gas mantles - - --------- 
Shipments from Government stockpile excesses 
Apparent consumption, nonenergy applications!!! 
Prices, yearend, dollars per kilogram, ThOz: 
Nitrate, mantle-grade 
Oxide, 99% grade 


Estimated. 
1 A]] domesticall 


1980 1981 1982 1988 1984 
2 6 4 4 11 
24 33 23 46 45 
3 3 en oe a 
25 30 19 42 34 
$8.40 $9.50 $10.60 $10.60 $10.10 
$16.00 $21.20 $24.50 $31.00 $37.65 


consumed thorium was derived from imported metals, alloys, and compounds; monazite containing 


350 to 550 tons of thoriüm oxide has been imported annually but has not recently been used to produce thorium products. 


Legislation and Government  Pro- 
grams.—On October 19, 1984, the President 
signed Public Law 98-525, the Defense 
Authorization Act, 1985, terminating all 
previous authorization for disposals of tho- 
rium nitrate from the National Defense 


Stockpile (NDS), effective September 30, 
1984. Section 902 of the new law, effective 
October 1, 1984, authorized the disposal of 
22,680 kilograms (50,000 pounds) of thorium 
nitrate from the NDS that had previously 
been declared excess to goal. 
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DOMESTIC PRODUCTION 


Associated Minerals, a subsidiary of the 
Australian-owned firm Associated Minerals 
Consolidated Ltd. (AMO), was the only com- 
mercial minerals sands operation in the 
United States to produce monazite during 
the year. The company produced monazite 
as a byproduct of minerals sands mined for 
titanium and zirconium minerals at Green 
Cove Springs, FL. 

Marathon Gold Corp. continued develop- 
ment of its gold-rare-earth-thorium deposit 
near Craig, Moffat County, CO. Marathon's 
deposit contains monazite and xenotime 
that may be produced as byproducts of 
processing placer gold. Development of the 
deposit was a joint venture between Mara- 
thon, Centennial Gold Corp., which owns 
54% of Marathon, and Hampton Gold Min- 
ing Areas PLC. Rhóne-Poulenc reportedly 
entered an agreement to purchase 4,000 to 


8,000 metric tons of monazite and xenotime 
per year when the deposit begins commer- 
cial operation. Rhóne-Poulenc reportedly 
would initially process the monazite at its 
rare-earth and thorium processing plant in 
La Rochelle, France, and at a future date 
begin processing it at the company's rare- 
earth and thorium plant in Freeport, IX. 

Williams Strategic Metals Inc. (WSM), a 
subsidiary of Williams Resources Inc., con- 
tinued its plans to recover rare-earth- and 
thorium-bearing apatite from 16 million 
tons of iron ore tailings near Mineville, NY. 
WSM worked with Hazen Research Inc., of 
Golden, CO, to optimize a process that 
would yield magnetite, yttrium, and rare 
earths as coproducts, and phosphoric acid as 
a byproduct. WSM planned to start up a 
pilot plant, with a capacity of 10 tons of 
tailings per day, in 1985.5 


Table 2.—Companies with thorium processing and fabricating capacity 


Company Plant location Bet pale eh 

Atomergic Chemetals Coerrrr „4! Plainview, XXX Produces oxide, 
fluoride, metal. 

Bettis Atomic Power Laboratorr h West Mifflin, Pa... Nuclear fuels; 
Government 
research and 
development. 

H 2nd eL St ee etc Le Milwaukee, WI Produces ceramics. 

Ceradyne lle Santa Ana, CA... Produces advanced 
technical ceramics. 

Chicago Magnesium Casting Cord: Blue Island, III esium-thorium 
alloys. 

Coleman Co. IßW᷑k- „ Wichita, d Produces thoriated 
mantles. 

Consolidated Aluminum Corp- - - - -------------——- Madison, III. 3 
alloys. 

Controlled Castings Corrrrr- „ Plainview, Xx. Do. 

General Atomic Co ooo San Diego, Aa Nuclear fuels. 

W. R. Grace & Co ------------------—-—-———— Chattanooga, IW Produces thorium- 


GTE Sylvania 


Hitchcock Industries Inc 


Phillips Elmet 


Rhóne-Poulenc Inc 


Teledyne Cast Products 
Teledyne Wah Chang 


meee —— —— —— — eee — 


Union Carbide Corp., Nuclear Div 


— æ ae = — —— e e — — — — — 


Wellman Dynamics Corp 


— ae aw — oM ue ow —— — —— ——— ane mo —— — = 


containing residues 
from monazite. 

Towanda, PPA Produces thoriated 

welding rods. 

South Bloomington, MN ... M esium-thorium 

alloys. 

Cincinnati, Oi Produces compounds 
and metals; man 
DOE thorium stocks. 

Produces thorium- | 
containing lighting 
and metallic 
thorium. 

Produces thoriated 
welding rods. 

Produces thorium 
nitrate from an 
intermediate 
compound of 
monazite. 

Magnesium-thorium 
alloys. 

Produces thoriated 
welding rods. 

Nuclear fuels; 
test quantities. 

Magnesium-thorium 
alloys. 


Bloomfield, NJ... 
Lewistown, ME 
Freeport, XK 


Pomona, CAA 
Huntsville, All 
Oak Ridge, TW. 


Creston, IAA 


THORIUM 


A joint effort by the Kerr-McGee Chemi- 
cal Corp., Oklahoma City, OK, and the city 
council of West Chicago, IL, was underway 
to pinpoint and remove radioactive thorium 
from about 80 low-level radioactive sites in 
West Chicago. Most of the identified sites 
were within a few blocks of a chemical plant 
operated over the years by several firms, 
including Kerr-McGee. Kerr-McGee operat- 
ed the plant, which processed monazite to 
produce rare-earth and thorium products, 
from 1967 to 1973. None of the radioactive 
sites that were identified were found to 
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present an immediate health hazard. Kerr- 
McGee offered to locate and remove the 
radioactive materials from the sites and 
restore the affected areas. The thorium- 
containing materials reportedly were to be 
removed to the closed plantsite by yearend 
1985. Several proposals for safely storing 
the thorium-containing materials, including 
radioactive materials already at the plant- 
site, were being studied by Kerr-McGee, 
several Federal agencies, the Illinois Nucle- 
ar Safety Commission, and the city council 
of West Chicago. 


CONSUMPTION AND USES 


Domestic thorium processors consumed 
an estimated 51 tons of thorium oxide 
equivalent in 1984, an increase of 4 tons 
above the 1983 level. Energy uses accounted 
for about 6 tons of the total, and nonenergy 
uses accounted for the remainder. The dis- 
tribution of thorium consumption in the 
nonenergy uses was estimated as follows: 
refractory applications, 60%; lamp mantles, 
17%; aerospace alloys, 8%; welding rods, 
3%; and other applications, including ce- 
ramics and lighting, 12%. 

Most of the thorium used in metallurgical 
applications was alloyed with magnesium. 
Magnesium-thorium alloys possess high- 
strength and excellent creep resistance at 
elevated temperatures, properties that 
are useful in aerospace applications. Small 
quantities of thorium were used in disper- 
sion-hardened alloys for high-strength, 
high-temperature applications. 

Thorium oxide (thoria), which has the 
highest melting point of all the oxides, 
3,000° C, was used in several refractory 


applications, including high-strength and 
high-temperature ceramics, investment 
molds, crucibles, and experimental stage, 
heat-dissipative, core-retention beds for nu- 
clear reactors. 

Thorium nitrate was used in the manu- 
facture of mantles for incandescent ‘‘camp- 
ing’ lanterns and oil lamps. Thorium ni- 
trate was also used to produce thoriated 
tungsten welding electrodes. Thoriated 
tungsten electrodes were used to join stain- 
less steels, nickel alloys, and other alloys 
that usually require controlled weld appli- 
cations. 

Thorium was used also in electron tubes, 
in lighting airport runways, in high-re- 
fractivity glass, in radiation detectors, in 
computer memory components, in catalysts, 
in photoconductive films, in target materi- 
als for X-ray tubes, and in fuel cell ele- 
ments. 

Thorium was used as a nuclear fuel in the 
thorium-232/uranium-233 fuel cycle in one 
domestic commercial reactor. 


STOCKS 


Government stocks of thorium nitrate in 
the NDS were 3,234,936 kilograms (equiva- 
lent to 1,547,043 kilograms of thorium ox- 
ide) on December 31, 1984. The NDS goal at 
yearend was 272,155 kilograms of thorium 
nitrate (equivalent to 130,153 kilograms of 
thorium oxide); remaining stocks have been 
declared excess to goal. Effective October 1, 


1984, Public Law 98-525, the Defense Au- 
thorization Act, 1985, authorized for dispos- 
al 22,680 kilograms (50,000 pounds) that had 
previously been declared excess to goal. 

The U.S. Department of Energy’s invento- 
ry at yearend contained 1,237,277 kilograms 
of thorium oxide equivalent contained in 
ore, metal, and various compounds. 
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PRICES 


The average declared value of imported 
monazite increased during 1984 to $389 per 
ton, up $12 from the 1983 value. The price 
range of Australian monazite (minimum 
55% rare-earth oxide including thoria, f.o.b- 
f.i.d.),* as quoted in Metal Bulletin (London), 
decreased from A$410-A$450 per ton at 
yearend 1983 to A$410-A$440 per ton by 
yearend 1984. Changes in the foreign ex- 
change rate in 1984, resulting from the 
economic strength of the U.S. dollar against 
foreign currencies, caused the correspond- 
ing U.S. price range to fall from US$369- 
US$405 in 1983 to US$340-US$365 in 1984.* 


The yearend price for monazite, based on 
a thorium oxide content of 7%, was approx- 
imately $4.86 to $5.21 per kilogram of thori- 
um oxide contained. 

Rhóne-Poulenc quoted thorium product 
prices per kilogram, net 30 days, f.o.b. 
Freeport, TX, or duty paid at point of entry, 
effective August 15, 1984, as follows: thori- 
um oxide, 99% purity, $37.65; 99.99% puri- 
ty, $57.75. Thorium nitrate at 99.5% purity 
(mantle-grade) was quoted at $10.10 per 
kilogram of thorium oxide equivalent at 
yearend. 


FOREIGN TRADE 


For the fifth consecutive year, France was 
the destination of all of the domestic ex- 
ports of thorium ore, including monazite. 
Australia has been the principal domestic 
source of monazite containing thorium 
since 1977. However, the monazite has been 
imported solely for its rare-earth content, 


and no thorium products have been pro- 
duced from it. Thorium products processed 
and manufactured domestically in 1984 
were all derived from imported materials, 
primarily thorium-containing compounds 
from France and magnesium-thorium alloys 
from the United Kingdom. 
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WORLD REVIEW 


The principal world source of thorium is 
monazite, a rare-earth phosphate mineral. 
Monazite is recovered as a byproduct of 
processing minerals sands for titanium and 
zirconium in many countries and as a by- 
product of processing minerals sands for tin 
in Malaysia and Thailand. Thorium is a 
byproduct and its availability depends on 
demand for the rare-earth elements con- 
tained in monazite, and to a lesser extent, 
demand for titanium and zirconium miner- 
als. As a result of the large demand for rare 
earths in relation to thorium, a large over- 
capacity exists for thorium. Large stocks of 
thorium-containing compounds and resi- 
dues are stored in Brazil, France, India, 
and the United States. Australia was the 
world's principal producer of monazite in 
1984. Australia exported monazite concen- 
trate primarily to France and the United 
States where it was processed mainly for its 
rare-earth content. Byproduct thorium com- 
pounds, produced in France and the United 
States, were marketed worldwide. Monazite 
and other thorium-containing materials 
produced in Brazil and India were Govern- 
ment-controlled and, because of thorium's 
potential use as a nuclear fuel, were not 
exported. 

World thorium reserves were estimated 
by the Bureau of Mines at 1,140 tons of 
equivalent thorium oxide, of which 96% is 
in market economy countries. India had the 
largest share of world reserves, with 30% of 
the total. 

In Australia new investment interest was 
prompted in 1984 by the increased demand 
for rare earths, and thus for minerals sands, 
including monazite. Allied Eneabba Ltd. 
was studying a plan to build a A$60 million 
processing plant to treat monazite and pro- 
duce rare-earth compounds.’ The plant re- 
portedly would also treat monazite from 
other producers in Western Australia, 
which supplies nearly one-half of the 
world's supply of monazite* Monazite 
accounted for 396 of the minerals sands 
Allied produced in 1983. Allied's output in 
1983 and 1984, from minerals sands mining 
and wet- processing operations at Eneabba 
and dry plant operations at Narngulu, was 
reduced because hard-rock material, a ce- 
mented sandstone, was encountered during 
mining. Modifications to both mine and 
plant equipment to deal with the rock were 
started. Allied planned to recover the heavy 
minerals contained in the rock. 


An agreement was reached between Con- 
solidated Rutile Ltd. (CRL) and AMC for the 
acquisition of assets on North Stradbroke 
Island owned by AMC and its subsidiary, 
Titanium and Zirconium Industries Pty. 
Ltd. (TAZD. The assets CRL was to acquire 
in the first quarter of 1985 included hous- 
ing, heavy minerals sands processing 
plants, a 1,400-ton-per-hour dredge that was 
already operating on CRL’s leases near 
Amity on the north side of North Strad- 
broke Island, and stocks of ilmenite. The 
agreement may have been prompted by 
AMCs failure to receive export approval for 
minerals from its leases on Moreton Island. 
AMC's leases on Moreton Island will, how- 
ever, reportedly not be relinquished because 
the heavy mineral reserves were the last 
known extensive deposit on the east coast.!! 

CRL announced that it would commit 
A$31 million to the development of its 
Gordon heavy minerals leases on the south- 
ern end of North Stradbroke Island. A new 
dredge and plant there reportedly will have 
a capacity of 2,800 tons per hour, similar to 
the capacity of CRL's mine at Bayside on 
the western side of the island. Mining was 
scheduled to begin at the Gordon leases in 
the first half of 1985.17 

Cable Sands Pty. Ltd. reported that 1983 
had been a record year for production. 
About 600 tons of monazite and 30 tons of 
xenotime had been produced at Cable’s 
Bunbury plant. In 1984, the company was in 
the process of moving its mining and wet- 
processing operations from Capel to an area 
4 kilometers north of Capel. A second 
smaller plant was planned, to start produc- 
tion at the end of 1984 at a site 40 miles 
north of Bunbury. Cable planned to make a 
more substantial move in a few years, from 
its new Capel location to a coastal site, 
where it expected to switch to a dredge-type 
operation." 

Rutile & Zircon Mines (Newcastle) Ltd. 
(RZM) reportedly planned to move, over the 
next 2 years, to new minerals sands leases 
located 4 to 5 kilometers north of the cur- 
rent Hunter River workings. RZM current- 
ly was operating two dredge-concentrator 
units, one at Tomago and the other at a site 
north of the Hunter River, that supplied 
RZM's dry plant in Tomago, near Newcast- 
le, New South Wales." 

In return for surrender of heavy minerals 
sands leases on Moreton Island, Bribie Is- 
land, Curtis Island, and along the central 
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coast of Queensland, the State Government 
reportedly offered the companies involved 
development leases at Inskip Point, Queens- 
land. The companies, Murphyores Holdings 
Ltd. and Mineral Deposits Ltd., were pro- 
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hibited from mining along the coastal areas 
of Queensland in order to allow for the 
expansion of national park, port, and indus- 
trial sites.!'5 


Table 4.—Monazite concentrate: World production, by country! 


(Metric tons) 
Country? 1980 1981 1982 1983P 1984* 
Australa eoe . Us 8h AA Bah ae eet E 14,079 713,282 9,562 * *15,000 15,000 
BFHYI eue sue e ue our ͤ K pes 2,532 2,100 1,768 5,256 6.000 
Jll..llüãkk y ⁵³ðV ee ee 3,395 3,704 4,000 *4,000 4,000 
Malaysia (export — 347 320 582 1.051 1.000 
El!!! ĩð A ⁰⁰k dus ecd Eh eso 63 60 304 *300 300 
PULLING -— e noo Se iat at tes er El ee ae 152 107 162 211 250 
Units se ———— W W W W W 
J37ö˙õĩ⁵00.»0 CPP CS QS ol 135 32 8 5 
77 ³˙—.iꝛäjꝛ y -˖-;·B / a CE 20,619 719,608 16,410 20,892 26,595 
5 PPreliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; not included in 
“Total.” 


1Table includes data available through Apr. 23, 1985. 


2In addition to the countries listed, China, Indonesia, North Korea, the Republic of Korea, and Nigeria may produce 
monazite, but output, if any, is not reported quantitatively, and available general information is inadequate for 


formulation of reliable estimates of output levels. 
3Data are for years beginning Apr. 1 of that stated. 


TECHNOLOGY 


Researchers at Dow Chemical Co. in Free- 
port, TX, reportedly developed a high- 
purity corrosion-resistant magnesium sand- 
casting alloy that does not contain thorium. 
The new alloy, temporarily designated 
AZ91C/HP, was developed for use in mili- 
tary aircraft exposed to highly corrosive 
saltwater environments. Acceptance of this 
alloy by aircraft producers could replace 
several magnesium-thorium alloys present- 
ly used in lightweight aircraft parts.“ 

Scientists at Israel's Tel Aviv and Ben 
Gurion Universities reportedly developed a 
process, based on thorium, for generating 
nuclear power. The new process uses thori- 
um to produce energy in situ in the reactor, 
lessening the uranium required and elimi- 
nating the possibility of reprocessing the 
thorium fuel to remove uranium-233, a 
potential nuclear weapons material. Test- 
ing of the process in an existing light-water 
reactor was planned. 


1Physical scientist, Division of Nonferrous Metals. 
?Industrial Minerals (London). New Rare-Earth Source 


for Rhóne. Aug. 1984, pp. 15-16. 

Chemical Engineering. An Abandoned Iron-Ore Mine 
May Supply About Half the U.S.’s Need for Yttrium. Nov. 
26, 1984, pp. 18-19. 

Free on board-free into container depot. 

*Values have been converted from Australian dollars 
(A$) to U.S. dollars (US$) at the rate of A$1.1117 = US$1.00 
based on yearend 1983 foreign exchange rates from the 
Wall Street Journal. 

SValues have been converted from Australian dollars 
(A$) to U.S. dollars (US$) at the rate of A$1.2070 = US$1.00 
based on yearend 1984 foreign exchange rates from the 
Wall Street Journal. 

"Industrial Minerals (London). World of Minerals. Pro- 
posed Processing Ventures. Sept. 1984, p. 15. 

8______ World of Minerals. Decisions Shortly-On Miner- 
al Sands. Nov. 1984, p. 9. 

3 . Annual Report Highlights. Allied Eneabba 
Limited. May 1984, p. 27. 

10Coope, B. M. Developments in Australia’s Industrial 
Minerals. Ind. Miner. (London), Nov. 1984, pp. 61-67. 

11Industrial Minerals (London). World of Minerals. 
Agreement on Stradbroke Reached. Oct. 1984, pp. 9-10. 

12Mining Journal (London). Consolidated Rutile: Island 
Mining. V. 303, No. 7782, Oct. 12, 1984, pp. 262. 

13Work cited in footnote 10. 

14Work cited in footnote 10. 

15Mining Journal (London). Industry in Action. Leases 
for Murphyores. Apr. 20, 1984, pp. 270-271. 

16Crisafulli, T. Anti-Corrosive Magnesium Alloy Bows. 
Am. Met. Mark., v. 92, No. 235, Dec. 5, 1984, p. 5. 

V Chemical & Engineering News. Science / Technology 
Concentrates. Thorium for Nonproliferative Nuclear 
Process. Apr. 16, 1984, p. 25. 
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Tin 


By James F. Carlin, Jr.’ 


For the fourth consecutive year, world tin 
supply exceeded demand, although world 
mine production declined and world con- 
sumption rose during the year. The Interna- 
tional Tin Council (ITC) continued imposi- 
tion of export controls on member producer 
countries. 


Domestic Data Coverage.—Domestic pro- 
duction data for tin are developed by the 
Bureau of Mines from a voluntary survey of 
U.S. mines. Of the four mines to which a 
survey form was sent, all responded. Domes- 
tic production data were withheld to avoid 
disclosing company proprietary data. 


Table 1.—Salient tin statistics 
(Metric tons unless otherwise specified) 


United States: 
Production: 


Ore (tin content) o. Veo oo ee eee 
primary. 


nem 


1980 1981 1982 1983 1984 
W W W W W 
3,000 2,000 3,000 2,000 4,000 
18,638 15,438 14,293 114, 205 15,417 
595 2,361 9,169 1,840 1,429 
45,982 45,874 27,939 34,048 41,224 
840 232 1,961 969 3,272 
44,342 40,229 33,019 34,301 37,819 
12,020 14,144 13,276 11,246 11,622 
12,101 11,131 10, 251 9,859 9,977 
113.44 648.40 586.85 601.28 567.80 
846.00 133.05 653.91 654.78 623.80 
161.99 649.53 580.50 589.19 556.55 

145.56 637.85 587.29 590.78 564.9 
"244,7126 251,939 236,052 210,653 *207,842 
"250,594 "249,918 234,741 211,756 209,049 


°Estimated. Preliminary. Revised. W Withheld to avoid disclosing company proprietary data. 


1Exports (excluding reexports). 


Legislation and Government Pro- 
grams.—The General Services Administra- 
tion (GSA) continued its daily fixed-price 
tin sale program. A total of 2,397 metric 
tons was sold in 1984; of that amount, 
2,032 tons represented payment material 
for GSA's Ferroalloy Upgrading Program, 
which started April 11, 1984. A Memoran- 
dum of Understanding, signed by the U.S. 


Department of State, GSA, and the Associa- 
tion of Southeast Asian Nations to limit 
GSA tin disposals to about 3,000 tons per 
year, was in effect through December 31. 

At yearend, the National Defense Stock- 
pile inventory was 188,355 tons; the stock- 
pile goal was 42,674 tons. 

The depletion allowance for tin remained 
at 22% for domestic deposits and 14% for 
foreign deposits. 
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DOMESTIC PRODUCTION 


PRIMARY TIN 


Mine Production. — Three mines, operat- 
ing in Alaska, Arizona, and Colorado, pro- 
duced tin concentrates. Domestic mine pro- 
duction data were withheld to avoid 
disclosing company proprietary data, but 
total output amounted to only a small 
fraction of domestic tin requirements. 

Smelter Production.—The sole domestic 
tin smelter, located in Texas City, TX, and 
owned by Gulf Chemical & Metallurgical 
Corp., a subsidiary of Associated Metals & 


Minerals Corp., increased tin metal output 
to an estimated 4,000 tons. The smelter 
treated imported and domestic concen- 
trates, secondary tin-bearing materials, and 
its own stockpile of tin residues and slags. 


SECONDARY TIN. 


The United States was believed to be the 
world's largest producer of secondary tin. 
Secondary tin was an important source of 
material for the solder and the brass and 
bronze industries. 


Table 2.—Secondary tin recovered from scrap processed at detinning plants in the 


United States 
1983 1984 

Tinplate scrap treated — — — —À— — 8 metric tons 486,543 492,825 

Tin "ctc in the form of: 
)/))k¶õõĩõ y ĩ ZT ĩ ĩ E MN E do— 928 824 
Compounds % '?“ WA ] 'A cues due Dr ee Se E do... 182 301 
TOlal s nues seu Ie A AI DLE d MID I car E do— 1.110 1.125 
8 of tin compounds produced „ do- 1.284 1,498 
Yerege quantity of tin recovered per metric ton of tinplate scrap used _ - _ ___—— kilograms. _ 1.98 2.24 
ARDET livered cost of tinplate scrap -~ - - - - ----------------——— per metric ton 60 $68.01 


!Recovery from tinplate scrap treated only. In addition, detinners recovered 278 metric tons of tin as metal and in 


compounds from tin-base scrap and residues in 1984. 


Table 3.— Tin recovered from scrap processed in the United States, by form of recovery 
(Metric tons unless otherwise specified) 


Form of recovery 1983 1984 

TOI deti lan 70 097 

otinning Plant p ñ⁵ d ñ p E Lies 1.1 1. 
Atother rſſſſſſſſſſ/ſ/ ⁰ ⁰ ⁰⁰y dd y EL 10 10 
J7/%ͤWkTk.. M ꝶ⁵ꝗſy d REP —— 1,180 1,107 

Bronze and brass: 

From copper- base scraů sz „ 18,429 9,071 
From lead- and tinkas BCIBD neon y yd ⁰⁰ yd y LI 88 75 
C11 e IO Rod PRECES 18.517 9,146 
Soldin arenaene a Lu E LC iM LAE TE 3,072 3,653 
7 D ata i dee a y 172 142 
"np CU d 8 185 123 
Antimonial lead ~ —— ⁰ / ⁰ ⁰⁰⁰yt yd 803 | 894 
Chemical compounds JJV Pn a dng ph Nica on pe eh 182 301 
/ el ee sg ac uc Lu c Lii ok 94 51 
Total mw Lou ecu LE ue Le AU LM E E D. 4,508 5,164 
Grand total ——— eene meinte eee i ee i te 714,205 15,417 
Value (thousands) o oes ed iei ctu eua i Eee "$188,301 F192, 987 


Revised. 
Includes foil and terne metal. 
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Table 4.—U.S. stocks, receipts, and consumption of new and old scrap and tin recovered 
in 1984, by type of scrap and class of consumer 


(Metric tons) 
Gross weight of scrap 
Type of scrap and : : " 
class of consue Stocks, Receipts Consumption Stocks, Tin recovered 
Jan.1 New Old Total Dec. 31 New Old Total 
Copper-base scrap: 
Secondary smelters: 
Automobile radi- 
ators (unsweated)_ 3,544 70,321 2,020 67,858 69,878 3,987 68 3,309 3,377 
Brass, composition 
or red 2,643 48,152 11,504 36,740 48,244 2,551 388 1,926 1,714 
Brass, low (silicon 
ronze ----- 350 2, 052 684 971 1, 655 747 * m" m 
Brass, yellow 3,681 52,930 18,214 33,092 51,306 5,305 8 190 193 
ronze ________ 1,535 19,098 2,132 16,654 18,786 1,847 167 1.310 1,477 
Low-grade scrap and 
residues 4, 379 87,487 60,829 24,097 84,926 6,940 4 "M 4 
Nickel silver 632 277 692 1.718 2,410 499 7 15 22 
Railroad- car boxes 108 iis 122 122 10 un 34 34 
Total 16,872 282, 941 96,075 181,852 277,927 21,886 637 60,184 6,821 
Brass mills:! 
Brass, low (silicon 
ronze)_______ 3,044 14,447 14,447 z 14,447 2,813 NA ee az 
Brass, yellow - 16,196 — 307,493 307,493 —— 307,493 18,730 MA M —— 
ronze |... ..- 1,178 4,880 4,880 POS 4,880 1,248 232 T 232 
Nickel silver 4,428 19,245 19,214 31 19,245 4,214 Sa "e RUN 
Total 24,846 346,065 346, 034 31 346, 065 27,005 232 -— 232 
Foundries and other 
plants:? 
Automobile radi- 
ators (unsweated)_ 1,085 5,445 889 4,673 5,562 968 cae 210 210 
Brass, composition 
or red 621 10,559 6,003 4,741 10,744 436 286 225 511 
Brass, low (silicon 
ronze) . 56 1,384 692 698 1,390 50 m ERN 
Brass, yellow 550 10,971 5,869 5,005 10,874 647 17 24 41 
ron :e 854 924 314 613 927 851 24 48 12 
Low-grade scrap and 
residues or 3 t 3 3 E ERES 2A ae 
Nickel silver 160 2 154 156 27 x oo es 
Railroad-car boxes 745 5,548 . me 4,786 4,786 1,507 A d 221 221 
Total- c2 3,934 34,994 13,769 20,673 34,442 4,486 327 734 1,061 
Total tin from 
copper- base 
scrap _____ XX XX XX XX XX XX 13196 6,918 8,114 
Lead- base scrap: 
Smelters, refiners, 
others: 
Babbitt _ 130 1,956 "— 1,801 1,801 285 EN 87 87 
Battery lead plates _ 42,411 596,790 — 609,434 609,434 29,767 — 1.262 1.262 
Drosses and residues 706 66,017 63,917 S 63,917 7,806 1,677 M 677 
Solder and tinny 
lead 997 17,105 —— 15,993 15,993 2,109 _. 2,560 2,560 
Type metall 591 4,181 v 270 4.270 502 ae 182 182 
Total 49,835 686,049 63,917 631,498 695,415 40,469 1,677 4,091 5,768 
Tin-base scrap: 
Smelters, refiners, 
others: 
Babbitt 3 71 zn 70 70 4 zz 57 57 
Block- tin pipe _ _ _ _ 8 72 £x 76 76 4 E 75 75 
and residues 12 410 409 v 409 13 UE 23 
Pewter ________ 1 e "S M ae 1 M fee X 
Total 24 553 409 146 555 22 23 132 155 
ee and other scrap: 
tinning plants RM — . 484,892 — 484,392 8 1,380 aa 1,380 
Grand total XX XX XX XX XX XX 4,276 11,141 15,417 
*Estimated; tin recovered new and old from copper-base scrap, brass mills, and foundries. XX Not applicable. 


1Brass-mill stocks include home scrap, and purchased-scrap consumption is assumed equal to receipts; therefore, lines 


and total in brass-mill section do not 
20mits “machine-shop scrap." 


ance. 
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CONSUMPTION AND USES 


Primary tin consumption rose for the 
third consecutive year, but remained well 
below the levels of the 1970's. In 1984, solder 
was the largest application of primary tin, 
with tinplate a distant second. 

Tinplate continued to lose markets to 
aluminum in container applications. Of the 


97.8 billion metal cans shipped, tinplated 
Steel and tin-free steel accounted for 3596 
and aluminum accounted for 65%, compar- 
ed with 92.4 billion metal cans shipped in 
1983, when steel accounted for 3796 and 
aluminum, 63. 


Table 5.—U.S. consumption of primary and secondary tin 


(Metric tons) 
1980 1981 1982 1983 1984 
Stocks; Jan. 15. nut Leichen neue See 7,075 8,835 8,717 7,549 7,740 
Net receipts during year: 

J ³1ÜÜ3¹0¹Ü¹.A¹6Üſ ³² . 43,545 41.162 35,843 36,494 89,388 
Secondary ———— ²³ÜAA 8 2,461 ,692 6,507 5,412 6,096 
Serap o ß AA 88 1,109 8,050 1,830 : 1,923 

Total receipt! 53,715 54,904 50,180 49,841 52,807 
Total available___________________-_-_--- 60,790 63,739 58,897 56,890 60,547 
Tin consumed in manufactured products: | 
jut in Spec E HR ENORMI UN MP EE 44,342 40,229 33,019 34,301 37,819 
0 ⁰⁰⁰ ¼ ee ee 12,020 14,144 13,276 11,246 11,622 
; ⁵ ] ˙ ä 8 56,362 54,373 46,295 45,547 49,441 
Intercompany transactions in scrap - - - - - - ---- ------—-—-— 835 726 274 245 318 
Total processed „„ 57,197 55,099 46.569 45,792 49,759 
Stocks, Dec. 31 (total available less total processed 3,593 8,640 12,328 11,098 10,788 
1Includes tin in transit in the United States. 
Table 6.—Tin content of tinplate produced in the United States 
Tinplate waste Tinplate (all forms) 
(waste, strips, Gross Tin Tin per 
Year cobbles, etc., weight content? metric ton 
gross weight) (metric (metric of plate 
(metric tons) tons) tons) kilograms) 
1). ³ ð ſſ d 311.770 3,699,920 16,346 44 
IJ. 284, 505 288, 662 13,306 4.0 
| AMPARO ⅛ Ü g ͥ ut ⁰⁰r Ee Re EEO 208,074 2,712,678 10,936 4.0 
1//»ö%ð ey yd „0H 88 166,186 2,586,810 9,328 3.6 
JJ ³ð EUER 88 152,093 2, 500, 945 8, 659 3.5 


Includes small tonnage of secondary tin and tin acquired in chemicals. 
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Table 7.—U.S. consumption of tin, by finished product 


(Metric tons of contained tin) 
T" 1983 1984 
Produ 
Primary Secondary Total Primary Secondary Total 
Alloys (miscellaneous) W W W W W W 
Mi a er ³˙W ͤ ͤ K e AE 2,563 318 2,881 2,943 841 2,684 
Barth. ß mie 654 W 654 522 4 526 
Done and bras 1,395 ue 4,583 1,686 3,312 4,998 
Collapsible tubes and foil __________ W W W W W W 
Solder Lees 10,087 4,033 14,120 18,450 8,199 17,249 
WING oculi Li 1,759 W 1,759 1,748 W 1,748 
Tinplate? —. oe 8 9,328 134 9,462 8,659 166 8,825 
Tin powder 793 W 793 1.057 1,057 
metal ·˙ð˙¹iuwm eee W W W W 
White meta). |... .. 856 81 937 881 77 958 
G0%GTéföͤ;ĩÄ5 88 6,866 3,492 10,358 1,413 3,923 11,396 
FE ˙ AA ee 84,301 11,246 45,541 37,819 11,622 49,441 
W Withheld to avoid disclosing company proprietary data; included with Other.“ 
Includes terne metal. 
Includes secondary pig tin and tin acquired in chemicals. 
Includes pewter, britannia metal, and jewelers’ metal. 
Table 8.—U.S. industry yearend tin stocks 
(Metric tons) 
1980 1981 1982 1983 1984 
Plant raw materials: 
Pig tin: 
77 ³⁰ AAA oes RUE 7,359 6,857 6,269 6,326 5,480 
C66 ³¹¹¹ͥͥ ³·w d ener 229 411 265 732 1.562 
IP ³¹ AAA 8 1.247 1.449 1,015 682 1,164 
Total. c c4 ð bue ue y ers E 8,835 8,717 7,549 7,740 8,206 
Additional pig tin: 
obbers- im porter 564 1.943 1.386 608 761 
Afloat to United Stats 2,702 471 1,316 1,511 1,010 
Toal cu ß ert ds EE Let 3,266 2,414 2,102 2,119 1,771 
Grand total `_—-—------------—-—---——— l 12,101 11,131 10,251 9,859 9,977 
1Includes tin in transit in the United States. 
ta represent scrap only, tin content. 
PRICES 


The price of tin metal throughout 1984 price generally weakened, and the average 
showed little fluctuation. However, the tin price was slightly lower than in 1983. 
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Table 9.—Monthly composite price of Straits tin for delivery in New York 


(Cents per pound) 
Month 1983 1984 
n High Low Average High Low Average 
CC ĩ a AAA 633.16 618.40 624.43 625.60 622.20 623.74 
FÄ Ä ³⁰˙·— d eee 661.65 10 650.69 634.77 622.13 
March `- 677.84 654.54 667.72 644.90 627.36 626.65 
EEC!!! te a gnc ise AE LA 698.69 676.45 687.59 638.71 633.65 636.50 
|n aa cata aN reg at 88 686.77 673.49 680.00 641.05 632.36 686.32 
Jule — n m uu mus A 88 677.72 658.85 667.07 640.12 635.21 638.25 
JUIV- e eo e ha 671.20 648.68 659.68 635.10 624.86 629.89 
j 8 642.94 648.38 50 619.23 626.00 
Septemert!tk c2 22222222 653.22 638.05 645.10 623.70 607.27 618.08 
October 653.31 634.25 646.83 607.49 597.45 603.61 
November 652.75 646.49 649.02 615.98 600.82 
Decemderrrnnrurrn 2c 645.40 620.30 630.80 604.30 591.88 598.76 
Average -——------------------- XX XX 654.78 XX XX 628.80 
XX Not applicable. 
Source: Metals Week. 
FOREIGN TRADE 


Imports of tin concentrates in 1984 re- Brazil emerged as the major source of tin 
bounded to a level consistent with those of metal, followed by Thailand, Malaysia, Bo- 
the late 1970's. Peru remained the major livia, and Indonesia. 
source of tin concentrates. Imports of tin in all forms (ore and 

Imports of tin metal increased, in line concentrate, metal, and waste and scrap) 
with the domestic consumption increase. remained free of U.S. duty. 


Table 10.—U.S. imports for consumption and exports of miscellaneous tin, 
tin manufactures, and tin compounds 


Miscellaneous tin and tin manufactures Tin compounds 
Imports Exports Imports 
Tinfoil, : 
tin powder, n wies 

flitters "e and other 

Y metallics Dross, skimmings, tin-bearing 

imd tin and scrap, residues, material, : 
manufac: tin alloys, n.s.p.f. except Quantity Value 

tures tinplate (metric tons) (thousands) 
n. s. p. f. Scrap 


Value Quantity Value Value 
(thousands)  (metrictons) (thousands) (thousands) 


•ö˙ ete IINE $12,288 3,068 $4,364 $13,566 321 $2,661 
1980 en eee eee ee 10,728 1,193 1,219 8,972 642 4,120 
9 ee €T 3,292 1,211 1,318 12,494 838 5,301 


Table 11.—U.S. exports and imports for consumption of tin, tinplate, and terneplate 
in various forms; exports of ingots, pigs, bars; imports of tinplate scrap 


Ingots, pigs, bars Tinplate and terneplate Seer 
Exports Exporten  Imprt  Impots 
Year — ² 8 ——— HÀ 
Value Value Value Quan Value 
tity tity ty 
. (thou- ; (thou- ; (thou- . (thou- 
gii sands) oe sands) perg sands) EN sands) 
198822 5,769 $84,454 217,840 5118, 870 198,123 5134, 718 5,530 $454 
IURS 3 88 1,340 17,305 171,121 g 266,548 168,413 2,144 188 
198844. 1,429 14,409 154,679 93,033 338,630 203,147 4,755 480 


1Tinplate circles, strips, and cobbles are included with exports of tinplate and terneplate. 
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Table 12.—U.S. imports for consumption of tin, by country 


Country 


Concentrates (tin content): 


Bolivia oor ß ß 


Metal:? 


ustralia_ 
penom Luxembourg „ 
Jö d ias 


—— a a — A a — 2L—ñä — — c am ———— ——— a am ae ae ae am am am — eee — 


en p cR AE EE EO 
Germany, Federal Republic of - - . ------------ 
Indonesia ..... 22222 LLL LL L22 


Taiwan 7 p CR , PL A A 


1983 1984 
antit Value Quantit Value 
Bb very tona) (thousands) (metric tona) (thousands) 
257 $2,812 271 $1,782 
E B 17 78 
341 3,474 2,502 14,308 
101 887 46 415 
270 2,376 3 28 
:- 2 408 3,883 
t uU 29 306 
969 9,549 3,272 20,862 
390 4,879 288 4,179 
45 592 137 688 
5,739 73,798 5,438 67,742 
5,604 70,885 10,220 126,190 
56 754 64 776 
2 41 8 66 
71 905 218 3,713 
1,938 23,617 1,640 20,596 
ub 40 489 
181 2.935 1 11 
6,004 71,854 4,985 62224 
4,704 62,396 6,622 80,546 
9 117 140 1,748 
265 3,529 60 788 
ne je 20 256 
B 30 367 
1,029 13,701 781 4,198 
18 10 121 
135 1,705 __ m 
7,436 95,768 9,531 104,657 
18 268 583 7,253 
10 126 89 781 
376 4,931 296 9,462 
34,048 438,154 41,224 492,080 


1Data may not add to totals shown because of independent rounding. 


Bars, blocks, pigs, or granulated. 


WORLD REVIEW 


International Tin Agreement.—The Six- 
th International Tin Agreement (ITA), 
which commenced July 1, 1982, continued 
in effect throughout 1984. The United 
States was not a member of the agreement. 
The ITC continued stringent tin export 
controls on member producer countries as a 
method of reducing the world tin surplus. 
Controls on tin exports under the sixth ITA 
started on July 1, 1982, at 36% of pre- 
control levels and continued into the second 
quarter of 1983. The export cutback rate 
was tightened further to 39.6% in the third 
quarter of 1983 and remained at that level 
through the end of 1984. Industry sources 
estimated the world tin surplus at about 
70,000 tons compared with a surplus of 
about 80,000 tons reported in 1983. 

Several new efforts to eliminate tin 
smuggling in Southeast Asia were made, 


and some results were achieved. Tin concen- 
trate smuggling was estimated by the ITC 
to have declined to 11,000 tons from 16,000 
tons in 1983. Tin smuggling was counterpro- 
ductive to export control measures and was 
viewed as a significant factor in contrib- 
uting to the world tin surplus. Industry 
sources estimated that Singapore continued 
to be the destination for considerable ton- 
nage of smuggled tin concentrates from 
Indonesia, Malaysia, and Thailand. 

The ITC buffer stock manager continued 
tin price support actions in the Kuala Lum- 
pur Tin Market (KLTM) in Malaysia during 
the year by buying tin for the ITC stockpile 
to defend the ITC’s floor price. The ITC 
retained the same buffer stock floor price of 
29.15 Malaysian dollars (M$) per kilogram 
and ceiling price of M$37.89 that were in 
effect since October 17, 1981. 
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The Association of Tin Producing Coun- 
tries (ATPC), comprised of seven major 
producer nations—Australia, Bolivia, In- 
donesia, Malaysia, Nigeria, Thailand, and 
Zaire—completed its first full year as an 
organization. ATPC viewed itself as being 
complimentary to and supportive of the 
activities of the ITA. Two meetings were 
held by ATPC, and the organization at- 
tempted to influence non-ITA member 
countries to restrain tin production. 

Argentina.—The Government of Argenti- 
na announced plans to develop a vein-type 
underground sulfide tin deposit at Antofal- 
la. 

Australia.—Australian Southern Ven- 
tures NL completed a feasibility study on 
the viability of a small mining operation on 
the tin-bearing alluvial gravels at the China 
Camp tin project in Queensland, and plan- 
ned to proceed with development. 

Metals Exploration Ltd. announced start- 
up of the Gibsonvale tin tailings operation 
near West Wyalong, New South Wales. The 
firm had previously produced tin at the site 
during 1968-74. 

Bolivia.—In 1984, the Corporación Min- 
era de Bolivia (COMIBOL) was the coun- 
trys largest tin producer. A significant 
proportion of mine output was from 
medium-sized mines. There were also many 
small mines and a number of mining coop- 
eratives. The three largest mines were the 
Huanuni, the La Palca, and the Catavi. 
Bolivia remained a relatively high-cost tin 
producer, largely because its mines were 
the hard-rock underground type and its tin 
deposits were of relatively low grade. Most 
of the concentrates produced were benefi- 
ciated in mills adjoining the mines. 

Throughout the year, Bolivian tin produc- 
tion was hampered by a series of strikes. 
Workers protested Government austerity 
programs and sought a large wage increase 
to keep pace with the country's high rate of 
inflation. COMIBOL announced plans to 
expand its Bolivar Mine. 

The country's smelting industry compris- 
ed the Vinto smelter near Oruro, the Kara- 
chipampa smelter near Potosí, and the La 
Palca tin volatilization plant, also near 
Potosí. Vinto was operated by Empresa 
Nacional de Fundiciones (ENAF); Karachi- 
pampa was operated jointly by ENAF and 
COMIBOL; and La Palca was run by COMI- 
BOL. ENAF announced an $8 million loan 
from the Federal Republic of Germany to 
modernize its Vinto smelters. 

Brazil.—Brazil was not a member of the 
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ITA and therefore not bound by the ITA's 
export controls, and Brazilian tin mines 
sharply increased their output. Brazil rank- 
ed as the world's sixth largest tin producer. 
The three largest private tin mining compa- 
nies in Brazil—Paranapanema S.A. Min- 
eracáo, Indústria e Construção; Brascan 
Recursos Naturais S.A. (BRN); and Min- 
eracáo Brumadinho S.A.—all sharply in- 
creased output. 

The leading producer, Paranapanema, 
accounted for more than one-half the total 
country output, operating at least seven tin 
mines. Paranapanema reported sharply in- 
creased output from its new Pitinga oper- 
ations in the Mapuere region in Amazonas 
State. The firm shipped the entire output of 
its mines to its Mamoré smelter, near Sao 
Paulo, for conversion to refined metal. The 
Mamoré smelter was expanded to about 
12,000 tons per year of refined tin capacity. 

BRN, jointly owned by Brascan Ltd. and 
BP Mineracáo Ltd., was Brazil's second 
leading tin producer. It operated several 
alluvial tin mines, all in the State of 
Rondónia. BRN's tin concentrates were 
shipped to its Cesbra smelter for refining. 

Brumadinho, the third largest tin produc- 
er, operated several alluvial tin mines in 
Rondónia and had several exploration prop- 
erties in Goiás State. Brumadinho shipped 
all its tin concentrates to the tin smelter 
Bera do Brasil S.A., near Sáo Paulo. Bera 
was 70% owned by Brumadinho and 30% by 
Paul Bergsoe and Son A/S of Denmark. 

St. Joe Minerals Corp. was reported to be 
near startup at its Mocambo tin project, 
which will produce tin from an alluvial 
deposit situated near São Felix in the Xingu 
River area of Pará State. This was the first 
major investment in a metal mining ven- 
ture by Mineracáo San Jose Ltd., St. Joe's 
mining subsidiary in Brazil. 

There were at least 10 tin smelters in 
Brazil, but none, except Mamoré, had suffi- 
cient feed to operate at designed capacity. 

Canada.—Rio Algom Ltd. proceeded with 
construction of its substantial open pit tin 
mine at East Kemptville, Nova Scotia, with 
startup planned for late 1985. The operation 
was expected to produce about 4,500 tons 
per year of tin in concentrate form, to cost 
$150 million, and to be the largest tin mine 
in North America. Rio Algom arranged for 
all the tin concentrates to be shipped to 
the Capper Pass smelter in North Ferriby, 
United Kingdom. 

Indonesia.—Most of this country's tin 
deposits are offshore. The national mining 


TIN 


organization, P.T. Tambang Timah, remain- 
ed the major producer in 1984. P.T. Koba 
Tin was the country's second largest tin 
producer, with its largest mine situated 
on Banka Island. Koba was jointly owned 
by Kajaura Mining Corp. (Pty) Ltd., an 
Australian company, and by Tambang 
Timah. 

 Japan.—The largest of the two tin mines 
was in the southwestern part of Honshu 
Island and was owned and operated by the 
Akenobe Mining Co. Ltd., a subsidiary of 
Mitsubishi Metal Corp. The other mine was 
the Suzutama Mine, situated in the south- 
western part of Kyusha Island and owned 
by Kyowa Mining Co. Both mines shipped 
their entire output of tin concentrates to 
Mitsubishi's Ikuno tin smelter. 

Malaysia.—Although Malaysia remained 
the world's leading tin producer, its tin 
mining activities continued the pattern of 
decline of recent years. There were 474 
mines in 1984, compared with 852 mines in 
1980. The number of dredges declined to 30, 
the number of gravel pump mines declined 
to 379, and the total labor force declined to 
24,000 people. 

Two large smelters continued operating 
at Penang, refining all of Malaysia's tin 
concentrates and considerable amounts of 
imported concentrates. 

On October 1, the KLTM began oper- 
ations. It replaced the 95-year-old Penang 
tin market. The KLTM, like the Penang 
market, traded exclusively in refined Ma- 
laysian tin metal. Unlike the Penang mar- 
ket, the KLTM's price setting mechanism 
was more attuned to a broader base of 
supply and demand. The KLTM balanced 
all bids and offers received to give a single 
price, which represented the day's tin spot 
price. 

The Malaysia Mining Corp. (MMC) open- 
ed a sales office in New York, NY, to handle 
tin exports to the United States. Previously, 
MMC's exports to the United States were 
handled by independent importers. 

Namibia.—Most tin production came 
from the Uis Mine, in the Brandberg area. 
The Uis Mine was owned by Industrial 
Minerals Mining Corp. (Pty.) Ltd., a wholly 
owned subsidiary of South African Iron and 
Steel Industrial Corp. Ltd. (Iscor). The Uis 
tin deposits occurred as low-grade, 0.11% to 
0.15% tin, cassiterite mineralization. The 
tin concentrates were shipped directly to 
the Vanderbijlpark steelworks in the Re- 
public of South Africa, where they provided 
a large part of Iscor's tin needs for use in 
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the making of electrolytic tinplate. 

Nigeria.—Five firms mined tin: Amalga- 
mated Tin Mines of Nigeria (Holdings) Ltd., 
Bisichi-Jantar Nigeria Ltd., Kaduna Pros- 
pecting Nigeria Ltd., Ex-Lands Nigeria Ltd., 
and Gold & Base Metal Mines of Nigeria 
Ltd. All concentrates were smelted by 
Makeri Smelting Co. Ltd. 

Peru.—Tin mine output continued a 
steady increase. The San Rafael Mine, own- 
ed by Minsur S.A., was the only tin mine. 
Situated near Juliaca, the mine is within 
the northern extension of the Bolivian tin 
belt. The mine reported tin grades of 1.8%. 

South Africa, Republic of.—Rooiberg Tin 
Ltd., owned by Gold Fields of South Africa 
Ltd., continued to be the largest producer. 
Zaaiplaats Tin Mining Co. Ltd. was the 
second leading producer. Union Tin Mines 
Ltd., also owned by Gold Fields, was the 
smallest of the three producers. Although 
not a member of the ITA and thus not 
bound by export controls, tin production in 
the Republic of South Africa continued to 
decline, largely owing to lower tin recovery 
grades. 

Thailand.—Throughout the year, Thai 
miners complained about ITC export con- 
trols and the Government's tin royalty or 
tax system. Miners called for Thailand to 
withdraw from the ITA. The royalty prob- 
lems and the export controls reportedly led 
to worsening of the serious smuggling situa- 
tion. Industry sources estimated that 5,000 
tons of tin concentrate was smuggled out of 
Thailand. 

Siam Charoen Tin Smelting Co. applied to 
Thailand's Industry Ministry to build a 360- 
ton-per-year tin smelter near Bangkok. The 
smelter would sell its output to local users, 
in line with the Industry Ministry's policy 
of encouraging local demand by promoting 
new domestic smelters as a source of cheap- 
er tin supplies. 

U.S.S.R.—The U.S.S.R. ranked as the 
world's second leading tin ore producer. 
However, it was a net importer of tin. The 
major Soviet tin producing areas were the 
Soviet Far East, Yakutia, and Transbaykal. 
About 25% of total output was from placer 
deposits, mostly located in the Soviet North 
East. 

United Kingdom.—Not bound by the 
ITC's export controls, the United Kingdom's 
tin mine output expanded. Carnon Consoli- 
dated Tin Mines Ltd., a subsidiary of Rio 
Tinto Zinc Corp. Ltd. (RTZ), was the biggest 
producer with an output of 1,900 tons of tin 
concentrates, with an average tin grade of 
0.88% and a 74% recovery rate. RTZ pur- 
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chased the United Kingdom's second largest 
tin mine, South Crofty, and announced 
plans to invest substantially to modernize 
and expand the mine's main shaft. Another 
producer, Geevor Tin Mines Ltd., which 
operated an underground tin mine near 
Lands End, Cornwall, applied for planning 
permission to prospect for minerals in 
the alluvium of the Hayle River in the 
Godolphin Bridge area in West Cornwall. 
Vietnam.—Reports indicate that three 
tin mines were operated in Vietnam. The 
Tinh Tuc Mine in Cao Bang Province con- 
tinued as the main producer. The second 
major producer was the Son Duong Mine in 
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Ha Tuyen Province, and the smallest and 
newest mine was the Quy Hop Mine in 
Nghe Tinh Province. 

Zaire.—The major producer was Société 
Miniére et Industrielle de Kivu (Sominki) in 
Kivu. The firm was 28% state owned and 
1296 owned by Empain-Schneider Group of 
France. Its concession area was about 9,800 
square kilometers. Tin output by Sominki 
suffered from depletion of secondary depos- 
its and a deteriorating infrastructure. So- 
minki was reportedly consolidating its oper- 
ations, closing distant minesites. Tin con- 
centrate output was shipped to Europe for 
smelting. 


Table 13.— Tin: World mine production, by country! 


(Metric tons) 
Country 1980 1981 1982 1983P 19845 

F oĩÜ”X7.ẽi.1. d Lue 351 413 304 291 300 
Australia n ¶ e oce UE Se 11,588 12,267 12,126 29 275 9,300 
IA ³Ü¹Ü0⁰üſ 0 ⁰ꝛ.. ̃ de 27,291 29, 830 26,773 25,218 21,100 
Brazih-————— oe ee eL LLL e 6,377 18,253 9,293 13,418 316,021 
Uf ³ĩ˙ÜÜͥꝗͥͤ ⁰mp ð v y 8 1,290 1,438 1,681 1,642 2,028 
Cumeroon. — ---------------------—-- 15 19 “14 ($) E 
ROTE MESE TN MR HERO eT T243 239 135 141 3217 

China n oru elus A 14,600 15,000 15,000 15,000 15,000 
Czechoslovakia 322 433 1400 400 400 
German Democratic Republic 1,800 1,600 1,700 71,800 1,800 
Indonesia 22222-22222 32,527 35,392 33,806 26,553 21,530 
JADAD cc ˙%˙¹ ͤ ( v ee 549 5 5 600 3485 
Korea, Republic of- — - - - -------------—--— 8 x ius es s 
] 9^7. a a O E rh Hh cay oer 290 200 225 1265 315 
Ms iii.. 8 61,404 59,938 52,342 41,367 341,307 
e ß Se Lie ea pL 60 28 21 50 
ii) ee tre Pc 1,070 1,228 1,326 €1,400 1,400 
Ni... 88 64 55 36 40 40 
jo nes se ERE 2,569 13,172 2,355 1.560 1.700 
)öõõͤ ͥͥͥͥͥ·¹⁵ꝶ⁶³ſꝗ³ AAA ER 1.077 1,519 1,072 2,368 990 
Portugal-.— — cn du eet 214 506 410 347 350 
Wins. em mcs 2,069 1,790 1,655 1,520 1,100 
South Africa, Republic of 2,913 2,811 3,035 2,668 2,200 
%%%%êed ] ] . ß 8 437 518 444 450 
CJCGC0öCͤͤĩ]⁰i1»1A.. ⁰ 12 T9 9 6 5 
dhalánd nooo oa oe ee ee i uim 33,685 31,474 26,109 19,943 321,920 
Upanda® nuce eno RA LL 30 30 30 30 30 
MS tae ad ele t ett cee eS 734,000 734,000 135,000 735,000 86,000 
United Kingdom... . _ 2,982 3,869 4,208 4,025 4,600 
United States W W W W W 
f G a ee 310 380 e580 550 500 
// iio RNC ͤ dd h RCREIUN SUN 9,159 3,321 3,144 r eg, 000 3,000 
p ß is a. (5) S 10 22 34 
Zimbab Wee 1,300 1,600 1,600 1,650 1,700 
Total- e Lou cee es oe Sa 1244, 726 1251, 939 236,052 210,653 207,842 

Estimated. Preliminary. Revised. W Withheld to avoid disclosing company proprietary data. 


1Contained tin basis. Data derived in 


from the Monthly Statistical Bulletin of the International Tin Council, 


part 
London. Table includes data available through June 11, 1985. 


Excludes tin content of copper-tin cathodes. 
3Reported figure. 

*Revised to zero. 

5Less than 1/2 unit. 


TIN 


The second largest producer was Société 
Zairetain, with 50% state ownership and 
50% ownership by Geomines Cie. of Bel- 
gium. Its operations reportedly declined 
sharply in recent decades owing to lack 
of reinvestment in plant and equipment. 
Zairetain reported a small output of refined 
tin from its smelter at Manono. 

The third largest producer was Société 
Miniére de Goma (SMDG), with 20% state 
ownership and 8095 ownership by the Bu- 
reau de Recherches Géologiques et Min- 
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iéres, which is funded by the French Gov- 
ernment. SMDG operated the small Kalim- 
bi Mine in northern Kivu Province. Several 
other new tin mining ventures were plan- 
ned by other organizations. 

Zimbabwe.—Production was centered at 
the Kamativi Mine-concentrator-smelter 
complex in the northwest area near Ha- 
wange. The tin occurred as cassiterite, 
along with tantalite, lithium, and berylli- 
um. 


Table 14.— Tin: World smelter production, by country! 


(Metric tons) 

Country 1980 1981 1982 1983P 1984 
Aen. Een i coc 300 200 200 150 150 
C; ͥͥ]˙¹˙Üw mt 688 4,819 4,286 8,105 2,918 22,941 
C ⁰¹ r ³·¹¹¹ 0 ͤ·ô e LL EE 2,822 65 ur = ENS 
BI ctu uc MeL cal E 18,191 20,005 19,032 14,174 16,400 
FC ³ĩðV—jud!sãg; 8 8,792 17,789 9,298 12,741 218,100 
China e Re A Me ed te Ot EM 8 14,600 15,000 15,000 15,000 15,000 
German Democratic Republic... _____________~— 1,800 1,800 2,000 2,000 2,000 
Germany, Federal Republic of |... 2,262 1,815 608 417 400 
Indonesia _—--------------------------——- 30,465 132,519 29,755 28,390 22,500 
Japani c ees See ML 1,319 1,315 1,296 1,260 21,354 
Malaysia 71,318 10,326 62,836 53,338 46,500 
Mexico 1.322 838 944 1.216 1.200 
Netherlands — 2 2-2 8 1,100 13,500 2, 800 5,400 6,000 
7 2, 678 2,486 2,754 1,190 1,300 
Portugal ³⁰¹ le ee a ee. 938 e400 200 180 
Rwanda -caas y y t cec e Lt — " 908 1.110 1,100 
South Africa, Republic o 1,100 12,602 2,884 2,685 1,500 
Spain. a ͥ a ³˙Üw¹w aed i ee hee pur 4,100 4,400 3,700 2,200 2,000 

land ig cg y 34,689 32,626 25,497 18,467 219,979 
USSR an ee T38,000 137,000 138,000 738,000 88,500 
United Kingdom 5,829 6,839 8,200 6,500 6,100 
United States 3,000 2,000 3,500 2,500 ,000 
Meir E i E cL t -— M 415 520 415 
1111111 ͥ ³˙m 1216 450 352 e150 150 
ZibibabWe- . . EA ea 934 1,157 1,197 1,235 1,220 

Total uunc tous d. Meu Ped T250,594 1249,918 234,741 211,756 209,049 
Estimated. Preliminary. Revised. 


Data derived i in part from the Monthly Statistical Bulletin of the International Tin Council, London. 5 aa reported 
throughout is primary tin only unless otherwise specified. Table includes data available through June 11, 198 


ported figure. 


Sincludes Smali production of tin from smelter in Singapore. 
rted tin concentrate; minor amounts of refined tin from domestic ores were as follows, in metric 


*Primarily from impo 


tons: 1980—60; 1981—28; 1982—27; 1983—50 (estimated); and 1984—50 (estimated). 


Includes tin content of alloys made directly from ores. 


TECHNOLOGY 


The International Tin Research Institute 
reported investigation of applications of 
mono-organotins to fabric as a water repel- 
lent agent. Early results showed some suc- 
cess with cotton fabrics thus treated.* 

A low-cost methyltin heat stabilizer was 
developed for rigid polyvinylchloride com- 
pounds to be used for potable water pipes.* 

A new manufacturing method, surface 
mount technology, was developed that uti- 


lizes solder pastes or creams to attach 
electronic chip resistors, chip capacitors, 
and other electronic components directly to 
silicon chips using only metallized pads. 
The process reportedly can be operated at 
high volume at low cost. 

The electric utility industry developed a 
new use for organotin antifouling coatings 
in the circulating water systems of electric 
powerplants. These coatings have long been 


912 


used to coat the hulls of seagoing vessels, 
where they are effective toxicants to barna- 
cles, sea grass, mollusks, and sponges. The 
Electric Power Research Institute started a 
3-year study to evaluate the ability of or- 
ganotin coatings to control powerplant 
fouling.* 

A new technique for efficiently making 
flat glass in smaller plants in developing 
countries was introduced by a U.S. compa- 
ny, AFG Corp. of Tennessee. The process 
was an adaptation of the Pilkington process 
of producing flat glass by floating molten 
glass on a bath of molten tin. The average 
float glass plant has an economic produc- 
tion level of 500 to 650 tons per day. The 
new minifloat system was reportedly effec- 
tive at 120 tons per day and therefore 
suitable for smaller markets.“ 

The International Tin Research Institute 
developed, electrodeposition techniques to 
apply tin coatings that contain nonmetallic 
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inclusions such as silicon carbide and mo- 
lybdenum disulfide. These composite coat- 
ings were expected to combine the benefi- 
cial effects of tin with other properties like 
improved abrasion resistance .and better 
antifriction characteristics.* ` 

The Third International Tinplate Confer- 
ence was held October 15-19, 1984, in Lon- 
don, England. Forty-four papers were pre- 
sented by representatives of the tinplate, 
canmaking, and canning industries of 13 
countries. Numerous new tinplating techni- 
cal innovations were presented.* 


1Physical scientist, Division of Nonferrous Metals. 

2Can Manufacturers Institute. Metal Can Shipments 
Report 1984. Washington, DC, 1984, p. 3. 

in International. V. 57, No. 3, Mar. 1984, p. 80. 

*Work cited in footnote 3. 

Tin and Its Uses. No. 143, 1985, pp. 13-17. 

e . No. 141, 1984, p. 14. 
7Tin International. V. 57, No. 5, May 1984, pp. 145-146. 
Tin News. Tin-Novations. V. 33, No. 12, Dec. 15, 1984, 


p. 3. 
Pages 1-8 of work cited in footnote 5. 


Titanium 


By Langtry E. Lynd! and Ruth A. Hough? 


Domestic consumption of titanium con- 
centrates increased in 1984, and production 
and consumption of titanium dioxide (TiO;) 
pigment reached new record-high levels, 
reflecting continued recovery in the U.S. 
economy. Production of ilmenite, rutile, and 
synthetic rutile also increased. Domestic 
consumption of titanium sponge metal re- 
bounded sharply from the low point reached 
in 1983 mainly because of substantial im- 
provement in the commercial aircraft mar- 
ket. Prices of titanium concentrates, partic- 
ularly rutile, increased because of the high 
demand for TiO; pigment. Titanium sponge 
metal list prices were unchanged and were 
discounted heavily early in the year, but 


recovered somewhat by yearend. Titanium 
dioxide pigment prices increased in the 
third quarter, but were still below published 
list prices at yearend. 

Domestic Data Coverage.—Consumption 
data for titanium raw materials are devel- 
oped by the Bureau of Mines from a volun- 
tary domestic survey. Of the 38 operations 
to which a survey request was sent, 95% 
responded, representing an estimated 89% 
of the consumption of ilmenite, rutile, and 
titanium slag shown in tables 1 and 7. 
Consumption for the two nonrespondents 
was estimated using reported prior year 
consumption levels. 


Table 1.—Salient titanium statistics 
(Short tons unless otherwise specified) 


1980 1981 1982 1983 1984 
United States: 
Ilmenite concentrate: 
Mine shipment 593,704 523,681 233,063 W W 
Aue thousands $32,041 $37,013 $19,093 W W 
Imports for consumption 357,488 236,217 348, 366 209,328 409,605 
Consumption _________________ 848,607 856,116 583,250 730,578 783,391 
Titanium slag: 
Imports for consumption 194,994 268,825 247,845 138,708 209,839 
Consumption 181.582 252,826 225,541 166,401 200,858 
Rutile concentrate, natural and synthetic: 
Imports for consumption |... 281,605 202,313 163,325 111,578 180,508 
Consumption _________________ 297,582 285,371 238,937 265,558 317,902 
Sponge metal: 
Imports for consumption |... 4,777 6,490 1,354 1,199 12 667 
Consumption 26,943 €31,599 €17,328 €16,072 €24,713 
Price, Dec. 31, per pound $7.02 $7.65 $5.55 $5.55 $5.55 
Titanium dioxide pigment: 
Productioontnʒf _ 727,245 761,190 T659,710 1760, 385 798,978 
Imports for consumption 97,590 124,906 138,922 174,857 193,501 
Consumption, apparent? 758,480 806,040 ™741,065 ™853,008 880,287 
Price, Dec. 31, cents per pound: 
Anatase__________________ 57.0 69.0 69.0 69.0 69.0 
Rif ee 8 63.0 75.0 75.0 75.0 75.0 
World: Production: 
Ilmenite concentrate 14,106,829 74,022,884 3,340,339 P 32,966,857 © 33,183,495 
Rutile concentrate, natural 480,472 "398,709 374,450 P350,915 391,483 
Titaniferous slag__—--------------- 11,313,439 1,244,864 1,157,445 — P1,160,000 “1,260,000 
“Estimated. Preliminary. Revised. W Withheld to avoid disclosing company proprietary data. 


!Excludes sponge imported by GSA for the national stockpile. 
2 Apparent consumption equals production plus imports minus exports minus stock increase. 
3Excludes U.S. production data to avoid disclosing company proprietary data. 
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Legislation and Government Pro- 
grams.— The Government's National De- 
fense Stockpile goal for titanium sponge 
metal remained at 195,000 tons.“ The Gov- 
ernment stockpile inventory in December 
included 21,604 tons of specification metal 
and 10,866 tons of nonspecification materi- 
al. Most of the 4,500 tons of sponge con- 
tracted for by the General Services Admin- 
istration (GSA) in 1988 was delivered by 
yearend 1984, but was not yet included in 
inventory totals. | 

The Government stockpile goal for rutile 
was unchanged at 106,000 tons. The total 
rutile stockpile inventory at yearend was 
39,186 tons. 

The U.S. International Trade Commission 
(ITC) in a three to two decision on October 
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29 ruled that imports of titanium sponge by 
the GSA for the stockpile from three Japa- 
nese producers had caused material injury 
to domestic titanium producers. The ITC 
also determined by a five to zero vote that 
imports of titanium from Deeside Titanium 
Ltd., United Kingdom, had not caused ma- 
terial injury.* The International Trade Ad- 
ministration (ITA) of the U.S. Department 
of Commerce set final dumping margins on 
the products of Japanese titanium sponge 
producers as follows: Osaka Titanium Co. 
Ltd., 15.09%; Toho Titanium Co. Ltd., 
34.25%; and Nippon Soda Co. Ltd., 56.3790. 
The ITA also decided that imports to fulfill 
the 1983 purchase contracts of titanium for 
the stockpile will not be subject to duties. 


DOMESTIC PRODUCTION 


Concentrates.—U.S. producers of ilmen- 
ite were Associated Minerals (U.S.A.) Ltd. 
Inc. (AMU) at Green Cove Springs, FL, and 
E. I. du Pont de Nemours & Co. Inc. at 
Starke and Highland, FL. NL Industries 
Inc. ceased ilmenite production at Tahawus, 
NY, but continued to produce magnetite 
concentrate for heavy-media applications. 

As in 1983, AMU was the only U.S. pro- 
ducer of natural rutile concentrate. Kerr- 
McGee Chemical Corp. continued produc- 
tion of synthetic rutile at its 100,000-ton- 
per-year Mobile, AL, plant. 

Ferrotitanium.—Ferrotitanium was pro- 
duced by A. Johnson Metals Corp. (former- 
ly the Industrial Metals Div. of A. Johnson 
& Co. Inc.), Lionville, PA; Reactive Metals 
and Alloys Corp., West Pittsburg, PA; and 
Shieldalloy Corp., Newfield, NJ. Most of the 
production consisted of the 70% titanium 
grades. A. Johnson Metals discontinued pro- 
duction of ferrotitanium in late 1984 report- 
edly because of the large volume of low- 
priced material being imported from over- 
seas, but plans to continue to be a supplier 
of titanium scrap. 

Metal.—Domestic production of titanium 
sponge metal was 74% above the depressed 
level of 1983. Sponge production capacity 
was unchanged from that of 1983. The 
increased titanium production resulted 
mainly from increased demand for commer- 
cial and military aircraft, including the 
B-1B bomber. 

At yearend, negotiations were begun for a 
leveraged buyout of the Timet Div. of Tita- 
nium Metals Corp. of America by a group of 
investors including Timet's top manage- 


ment and Kelso & Co., a New York manage- 
ment consulting firm. Allegheny Interna- 
tional Inc. and NL have been 50-50 joint 
owners of Timet and were to each retain a 
5% share of Timet. Kelso was to arrange 
financing and was expected to obtain a 20% 
to 30% share in Timet. The Standard Steel 
Div. of Titanium Metals was excluded from 
the sale. 

A. Johnson announced the first commer- 
cial production of as-cast titanium slab in 
the United States. The slabs were produced 
at the company's electron beam furnace 
facility in Morgantown, PA, and were suc- 
cessfully converted to flat-rolled mill prod- 
ucts by several specialty metal companies. 
The casting process reportedly reduced 
processing costs and increased yields in the 
production of commercially pure mill prod- 
ucts. 

Albany Titanium Inc. (ALT), Albany, 
OR, was constructing two pilot plants to 
develop a newly patented process, licensed 
from Occidental Petroleum Corp., for pro- 
ducing titanium sponge and powder from 
domestic ilmenite. Development of the proc- 
ess was expedited by a $4 million grant 
made jointly by the Army, Navy, Air Force, 
and Defense Research Projects Agency. Un- 
der a 30-month contract retroactive to May 
1, the Air Force will receive 5 tons of 
titanium sponge and 1 ton of powder for 
analysis and evaluation. Construction of a 
production facility with a capacity of 5,000 
tons of powder or sponge per year was 
planned for completion in 1986. ALTi claim- 
ed that cost savings of 50% compared with 
current commercial processes could be 
achieved. 


TITANIUM 


Martin Marietta Corp. Bethesda, MD, 
announced it had signed an agreement in 
principle with Nippon Kokan K.K., Japan, 
to establish a joint venture to produce and 
market aluminum and titanium fabricated 
products. The two firms were to form a new 
corporation, owned 60% by Martin Mariet- 
ta and 40% by Nippon Kokan, that will 
include the Torrance, CA, extrusion and 
forging plant of Martin Marietta Alumi- 
num Inc. and will use the latest metal 
processing technology of both firms. Report- 
edly, Nippon Kokan was investing $45 mil- 
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lion in the new corporation. 

Viking Metallurgical Corp. completed the 
first phase of approval by Pratt & Whitney 
Aircraft Group for use of Viking's electron- 
beam-melted (EBM) electrodes made from 
titanium alloy turning for manufacture of 
rotor-grade ingot. This phase was a verifica- 
tion of the effectiveness of Vikings EBM 
process for removal of carbide tool particles 
from titanium turnings. The second phase 
of approval was to involve processing of 
five rotor-grade ingots made from EBM 
electrodes. 


Table 2.—Production and mine shipments of ilmenite concentrates! 
from domestic ores in the United States 


Production, Shipments 
Year gross weight Gross weight — TiOs content Value 
(short tons? (short tons) (short tons) (thousands) 
e dd ei D MU ELSE 556,646 593,704 358,181 $32,041 
II ³˙ ¹˙¹·eͥuꝛ ð⅛i ee ea ee MEM 542,357 523, 681 310,854 37,013 
Il. ùꝭtd)d 8 263,391 233,063 145, 72⁵ 19,093 
f ITETES W W W W 
TOBA NENNT FCD AAA etn tag DG ad W W W W 
W Withheld to avoid disclosing company proprietary data. 
1Includes a mixed product containing rutile, leucoxene, and altered ilmenite. 
Table 3.—U.S. titanium metal production capacity in 1984 
Capacity 
Company Ownership Plant location (short tons) 
Sponge  Ingot 
Howmet Corp., Alloy Div Pechiney, France... _ Whitehall, Wi c 5,000 
International Titanium Inc _ _ _ Wyman-Gordon Co., 42.5%; Ishizuka Moses Lake, VA 2,500 M 
| arch Institute and Mitsui & 
Co. Ltd., Japan; gee U.S. and 
Japanese interes 
A. Johnson Metals Cor ad 1 Gate. Stockholm, Lionville, PA -~ ---- -. 11,500 
weden. 
* Aviation Industries SI Edu hut e es Port Jefferson, NV S 1,000 
nc. 
Martin Marietta Aluminum Inc h a etant cud Torrance, CAA 2 5,000 
epo Metallurgical Corp Armco Inc., 80%; public, 200%/ Albany, OR... 4,500 8,000 
%% ĩ erate UE United States Steel Corp., 50%; Ashtabula, OH ___ __ 9,500 pete 
National Distillers & Chemical Niles, OH _______ _ -- 12,000 
Corp., 50%. 
Teledyne Allvac. _ Teledyne Ie Monroe, NW om 4,000 
Teledyne Wah Chang Albany n e E S Albany, R 1,500 1,000 
Titanium Metals Corp. of NL Industries Inc., 50%; Allegheny Henderson, NV 15,000 17,000 
America. International Inc., 50%. 
Viking Metallurgical Corp Quanex Corp- ------------_ Verdi, NW _. 45,000 
Western Zirconium Co Westinghouse Electric Cor Ogden, Uf 500 500 
Total ee ec ddp OE re BO Peet ene TINY Ye ae E ee 33,500 60, 000 


1Single melt only, commercially pure ingot and slab. 
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Pigment.—Kerr-McGee completed in 
May the expansion of its Hamilton, MS, 
pigment plant to 63,000 tons per year capac- 
ity, and in October had begun a further 
expansion to 72,000 tons per year. The $8 
million project was to be completed by mid- 
1986. 

In October 1984, NL reportedly signed an 
agreement to buy the U.S. TiO; pigment 


business of American Cyanamid Co. for 
about $95 million. American Cyanamid's 
TiO pigment business, with chloride and 
sulfate process plants at Savannah, GA, had 
annual sales of $135 million and 110,000 
tons per year of production capacity. How- 
ever, NL later announced that it would not 
pursue this acquisition because of opposi- 
tion by the Federal Trade Commission. 


Table 4.—Components of U.S. titanium metal supply and demand 
(Short tons) 


Component 


Production: 


Exports: 


CT ë AAG ³ꝛ·¹A duet Le LS tur 
Other unwrouggnld⅜gſ] — 


JJ ² ͥ ²¼ k k MEE 
Ingot, slab, sheet bar, eta. 
Other wrought t 


p 
Ingot and billet --------------------—-——- 
Mf 


%.. ³ i y ⁵ð d una dur 


Stocks, yearend: 


Government: Sponge (total inventory) . 


Industry: 


Total industfy· imnt—ü P 


Reported consumption: 


Mill products (net shipments)! |. ------------——- 
Castings shipments) ______________________ 


1980 1981 1982 1983 1984 


-~ 122,500 126,400 115,600 13,966 24,326 


_. 22,864 46,236 26,536 26,439 39,964 
-— 113 58 36 39 171 
es 344 257 173 208 204 
Nd 3,300 3,280 4,281 5,379 4,109 
Be 3,218 4,203 2,196 1,371 2,071 
T 1,845 1,846 1,404 783 778 
— 8,880 9,644 8,096 7,830 1,833 
Le 4,777 6,490 1,354 1,199 22,667 
Ww 4,138 3,787 1,277 1,572 1,850 
ENS 191 244 212 81 176 
=e 946 1,116 870 935 840 
-- 10,052 11,637 3,713 33,788 9,933 
— 82331 32,331 32,331 32,331 32,410 
E 2,981 €3,720 3,350 €3,136 3,147 
8 8,641 10,484 ©11,073 212,635 212,489 
m 1,860 3,992 2,534 13,273 4,526 
a 2 7 3 22 18 
— 12,884 17,803 16,960 19,066 20,180 


-- 26,943 31,599 217,328 216,072 224,713 
-- 15,406 14.795 8,528 210,467 215, 549 


-- 43,360 43,592 27,580 126,232 39,062 
— 21,33 20,492 18,281 15,949 22,808 
mor 191 209 260 240 268 


"Estimated. Revised. 


'Calculated sponge metal production equals sponge consumption minus sponge imports plus sponge exports and 


adjustments for Government and industry stock changes. 


Excludes sponge imported by GSA for the national stockpile. 
3Data do not add to total shown because of independent rounding. 
*Bureau of the Census, Current Industrial Reports, Ser. DIB-991 and ITA-991. 


Table 5.—Capacities of U.S. titanium dioxide pigment plants on December 31, 1984 


Company and plant location 


Edge Moor, )) 
New Johnsonville, TCW 
Kerr-McGee Chemical Corp., Hamilton, MS... - 


SCM Corp., Glidden Pigments Group: 


Ashtabula, OH__________________________ 
Baltimore, Wu 


Pigment capacity (short tons per year) 


Sulfate process Chloride process 


C 64,000 46,000 


Err t 35,000 
EE efc a ae 150,000 
E ee eee ney ae oe 110,000 
33 CMS et ae 228,000 
FC hs 63,000 


86,000 


VV 66,000 46,000 
777 130,000 764, 000 
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Table 6.—Components of U.S. titanium dioxide pigment supply and demand 


(Short tons unless otherwise specified) 


1980 1981 
Component (gross (gross Gross 
weight) weight) weight 
Production 121,245 161,190 "659,710 
Shipments:! 

Quantity „ 131,546 118,116 707, 075 

alue. thousands. . $795,734 $947,881 $927,517 

Exports. --------- 42,126 61,104 12,823 
Imports for consump- 

i 97,590 124,906 138,922 
Stocks, yearend _ _ _ _ _ 83,237 102,189 86,933 
Consumption, 

apparent! 153,480 806,040 741.065 


*Estimated. ‘Revised. 
Includes interplant transfers. 
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1982 1983 1984 

TiOeg Gross TiO2 Gross TiOg 
content weight content weight content 
™613,530 — "760,385 707, 158 798,978 743,849 
662,487 813,958 162,818 905,383 844,901 
$927,517 $950,515 $950,515 $1,106,898 $1,106,898 
66,280 91,702 183,372 106,124 96,740 
*130,309 174,857  *164,191 193,501 181,891 
*81,543 11,465 €72,740 83,533 78, 521 
€692,074 "853,008 796,780 880,287 2823, 219 


* Apparent consumption equals production plus imports minus exports minus stock increase. 


Sources: Bureau of the Census and Bureau of Mines. 


CONSUMPTION AND USES 


Concentrates.— The total titanium in 
concentrates consumed domestically in- 
creased about 10%, mainly because of high- 
er TiO; pigment production. About one-half 
of the increase in consumption was in the 
form of rutile. 

Metal.—Demand for titanium sponge im- 
proved appreciably, mainly because of in- 
creased orders for commercial and military 
aircraft, including the B-1B bomber. Mill 
product shipments were 56% in the form of 
billet; 31% sheet, strip, plate, tubing, pipe, 
extrusions, and other; and 13% rod and bar. 

Bar and billet were the major forms used 
for aircraft engines and airframe forgings, 
while the other forms were used mainly for 
nonaerospace industrial applications. Mill 
product usage was estimated to be 75% for 
aerospace and 25% for other industrial 
applications. An important new factor in 
promoting new uses and expansion of 
established applications for titanium was 
the Titanium Development Association 
(TDA), which completed its first full year of 
operation in December. TDA accomplish- 
ments during the year included its first 
exhibit at the Society of Automotive Engi- 
neers Aerospace Congress and Exposition; 
development of an Information Service Hot- 
line to quickly notify members of product 
and process inquiries; marketing and pro- 
fessional association surveys; and prepara- 
tion of the first annual "Buyers Guide" on 
titanium. E 

Current use of titanium in large commer- 
cial transports represents 6% of empty 
aircraft weight. Titanium is utilized where 
high-strength toughness, heat resistance, 
and high structural efficiency are required. 


Typical military aircraft uses are for A-10 
ballistic armament; structural forgings and 
wing skins for F-14 and F-15 aircraft; rotor 
parts for helicopter blade systems; B-1B 
fracture-critical forgings and wing support 
sections; and rotor discs, blades, and com- 
pressor cases on various engines. Major 
nonaerospace industrial uses are those re- 
quiring superior resistance to corrosion, 
such as surface condensers in powerplants, 
heat exchangers, and chemical industry 
equipment. 

RMI Co. was investigating the possible 
use of titanium for valve trains in automo- 
bile engines and reported that much inter- 
est had been shown by U.S. and Japanese 
automobile manufacturers in this applica- 
tion. The company estimated that automo- 
tive valve trains could consume more than 
500 tons of titanium per year. In a previous 
project, RMI had demonstrated that tita- 
nium suspension springs were 70% lighter 
than steel springs and performed just as 
well. 

Pigment.—Consumption of TiO; pigments 
rose to a new peak for the second consecu- 
tive year, because of continued economic 
expansion and increased demand from the 
homebuilding industry. Notable changes 
were the increases in consumption for 
paints and plastics and the sharp decrease 
in consumption in paper. The latter has 
been attributed partly to increased use of 
calcined clay and calcium carbonate instead 
of TiO; by the paper industry. 

Ferrotitanium.—Consumption of ferroti- 
tanium scrap in steel and other alloys 
increased, mainly because of higher steel 
production. 
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Table 7.—U.S. consumption of titanium concentrates 


(Short tons) 
: 8 Rutile 
Ilmenite' Titanium slag (natural and synthetic) 
Y — — — 
did Gross TiO; Gross 7102 Gross TiO; 
weight content* weight content? weight content? 
ee ß ES 848,607 513,315 181.582 133,933 297,582 211,882 
IORI o eene ³ĩðV5 ĩðͤ 8 856,116 511,022 252,826 186,020 2285,371 2266,596 
/ es ha ND pA S t ir a 583,250 352,393 225,541 168,433 2238,931 2225,113 
1983: 
Alloys and carbide- end (3) (3) (4) (4) A" zu 
Pigments ________________~_~- 723,044 468,279 166,401 127,267 2223,210 2210,949 
Welding-rod coatings and fluxes |... (3) (3) ae ae 3,892 3,649 
Miscellaneous 7,534 6,006 NN An 38,456 35,820 
Total ee Se bo ewe ees 730,578 474,285 166,401 127,267 265,558 250,418 
1984: 
Alloys and carbide____________~ (3) (3) (4) ($) ze oe 
Pigment; 775,477 492,658 200,858 152,534 2245,927 2231,808 
Welding-rod coatings and fluxes (3) (3) -— ma 4,165 3,911 
Miscellaneous 1,914 6,319 ae ie 67,810 62,920 
g Eee 183,391 498,977 200,858 152,534 317,902 298,639 
*Estimated. 


1Includes a mixed product containing rutile, leucoxene, and altered ilmenite. 
2Includes synthetic rutile made in the United States. 

3Included with "Miscellaneous" to avoid disclosing company proprietary data. 
*Included with Pigments“ to avoid disclosing company proprietary data. 
5Includes ceramics, chemicals, glass fibers, and titanium metal. 


Table 8.—U.S. distribution of titanium pigment shipments, titanium dioxide content, 


by industry 
(Percent) 
Industry 1980 1981 1982 1983 1984 
Paints, varnishes, lacquers _______________~____________~_ 44.1 43.4 43.3 43.3 47.6 
))%%/ÖÜ% ea E ͥ 0ykͥſ yd y ee ee 24.3 23.8 24.6 24.2 17.3 
Plastics (except floor covering and vinyl-coated fabrics and textiles) |... 10.6 11.4 11.4 11.7 13.4 
hw ³WüA y mh; 8 2.1 2.2 2.3 1.6 1.7 
Prinüng ink ee necu ⁰⁰⁰ / ĩð2 A EA Eel E 2.8 1.8 9 1.0 1.0 
Ceramics ß ß ß ee eS 1.7 1.4 1.1 1.0 9 
TÄ ] ·¹1 ͥͥ z d cat ent is 8.2 8.6 6.4 5.9 5.1 
ae, ) ñ p uc E E Ee 6.2 7.9 10.0 11.3 13.0 
Total- ³Ü¹6¹o¹oĩꝛ.ĩ; ⁵ Add ³ ͤ A ee eS 100.0 100.0 100.0 100.0 100.0 
Table 9.—U.S. consumption of titanium products! in steel and other alloys 
(Short tons) 
1980 1981 1982 1983 1984 
en!” é 423 641 420 744 659 
Stainless and heat-resisting stell 1.620 1.552 1.289 1.748 1,851 
Other alloy steel (includes - HSL ))) 848 903 664 749 677 
Vn. ũſ0 ſͤͥ ⁰⁰⁰ 8 W W W W W 
Tobnbateel* ut S er aces ³ð—³!ßvꝛ ⁰ h ee iN tA: 2,891 3,096 2,373 3,241 9,187 
õ·˙U / ³ v Be cele ess 102 63 47 38 62 
%% ĩ ² WW ³ĩ¹¹ ͥ ⁰ ⁰⁰m 8 1.053 645 409 535 622 
Alloys, other than above _____________________________~- 272 204 200 252 473 
Miscellaneous and unspecifieedmdgldll 13 26 10 12 18 
Total consumption Derana 4,331 4,084 3,039 4,078 4,362 


W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and unspecified.” 
Includes ferrotitanium containing 20% to 70% titanium and titanium metal scrap. 
2Excludes data withheld and unspecified; included under Miscellaneous and unspecified.” 
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STOCKS 


The total TiO: content of industry stocks 
of concentrates decreased 34% from the 
yearend 1983 level, mainly because of a 
128,000-ton reduction in ilmenite stocks. 


The high usage from stocks occurred despite 
increases in domestic ‘production and im- 
ports of concentrates, reflecting the sub- 
stantial increase in consumption. 


Table 10.—U.S. stocks of titanium concentrates and pigment, December 31 


(Short tons) 
Gross TiO2 
weight content? 
Ilmenite:! 
)))ör ù ⁵⅛ ! ]ðd ð⅛ð— tree fer ES 742,644 470,776 
JJ) ᷣ ͥõyͥ ðͤͤyddſddddddddddd́́ũff ß mytß 8 398,884 254, 237 
%C§ö%ĩdè ßßßßßßßfß ↄ pd . ð k ß ß ee cen ae 197,593 126,305 
e he: 135,765 103,667 
////õõ een re · Oe 8 78,378 61,026 
1984 )))))öõöũũũĩùĩ!nj5mfĩ ² y 8 83.281 64,842 
Rutile: 
. md iL mu e ER as ²o.wü at a A ae E ee ns 176,079 165,162 
Lo ANH" 130,035 122,189 
|I" RM 104,724 98,648 
Titanium pigment:? — T 
BENNETT RERO PERTANTO UE RR ERREUR ... 6,99 
S3 ERSTER ·³¹AAAͥͥͥ CHEER ĩ¾ͤ- HP ERE 77,465 NA 
///» a ⁰o·m é yyy e EL 83,533 NA 
eEstimated. Revised. NA Not available. 
1 Producer, consumer, and dealer stocks. 
2Bureau of the Census. Producer stocks only. 
PRICES 


Concentrates.—Prices of titanium con- 
centrates increased during the year because 
of the high demand for TiO; pigment. 

Metal.—Titanium sponge list prices were 
unchanged but were discounted rather 
heavily early in the year, recovering appre- 


ciably by yearend. 

Pigment.—Titanium dioxide pigment sale 
prices increased 5 cents per pound in the 
third quarter but were still about 5 cents 
per pound below published list prices at 


 yearend. 
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Table 11.— Published prices of titanium concentrates and products 


1983! 1984! 
Concentrates: 
Ilmenite, f.o.b. eastern U.S. porte 323 [ per long ton_ _ $70.00-$75.00 $70.00-$75.00 
Ilmenite, f.o.b. Australian ports - - - - - - - „„ do— 30.00- 34.00 36.00- 38.00 
Ilmenite, large lots, bulk, fo. o.b. b. ten. | DESCEND ur; kv eh ee do- 44.00- 45.00 44.00- 45.00 
Rutile, f.o.b. eastern U.S. ports per short ton 400. 00-430. 00 460.00-490.00 
Rutile, bagged, f.o.b. Australian ports do ... 261.00-284.00 339.00-359.00 
Rutile, bulk, f.o.b. Australian ports______ „ do- 259.00-215.00 319.00-335.00 
Rutile, large lots, bulk, f.o.b. Titen, FI. do- 310.00 320.00-340.00 
Synthetic rutile, f. o. b. Mobile, Ab ct elo M Le do. ... 350.00 350.00 
Titanium slag, 74% TiO», f.o.b. Sorel, Quebenhh per long ton. - 162.00 a 
Titanium, slag, 80% TiO», f. o. b. Sorel, Quebe per metric ton- 8 185.00 
Titanium slag, 85% TiO», f.o. b. Richards Bay, Republic of South Africa? 
do- r 187. 00-198. 00 200.00 
iai rted sal d. 4.00- 4.25 
ponge, repo Sales zo cu ht OA Li eet eS Ld per pound. . os .00- 4. 
Sponge, domestic, f.o.b. plant -------------------------- do. ... 5.55- 5.85 5.55- 5.85 
Sponge, Japanese, under contract, c.i.f. U.S. ports, including import duty 
do. ... No quotation No quotation 
Mil pre imported, spot price - - - -- ---------------------- do. .. No quotation No quotation 
roducts: 
JJ ³ ñ y NU do- 18.00 18.00 
Billet J RE PEPERIT IUE NEN NUUS do- 13.00 13.00 
/// ³ðÄſ//ͤ ³ ⁰m ĩ . 8 do- 16.00 16.00 
nͤĩ f.. ð MEL ;; ð ͤv2. ²ꝛ 8 do ... 18.00 18.00 
SED. buses eC arts A agen e LAS EL E Ae c do ... 17.00 17.00 
Pigment: 
Titanium dioxide pigment, f.o.b. U.S. plants, anatase ae do- 69 69 
Titanium dioxide pigment, f. o. b. U. S. plants, rutile |... do- 75 75 


*Estimated. "Revised. 

1Yearend. 

28lag from Sorel contained 74% and 80% TiO» in 1983 and 80% TiO» in 1984. Price shown is for 74% TiO product in 
1983 and 80% TiO? product in 1984. 


FOREIGN TRADE 


The upward trend in TiO. pigment ex- imports of concentrates and most titanium 
ports and imports that began in 1981 con- metal categories occurred, following de- 
tinued in 1984. Substantial increases in  creases in 1983. 


Table 12.—U.S. exports of titanium products, by class 


1982 1983 1984 
Class Quantity Value Quantity Value Quantity Value 


(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 


Concentrates: 
A p er ee 19,230 $618 865 $26 3,807 $151 
lk ee, cay See ep ia, 2,452 661 3,026 980 4,844 1,784 
QU - ccc ade gh pn he Rs 21,682 1,280 4,391 1,006 8,651 1,936 
Metal: 
SOON RC oru p ̃ eui sie ho e 36 256 39 203 171 967 
Fendi unwrought._____________________ 173 1,218 258 1,896 204 1,224 
Serp aa ia lie r my aan et, et eu ek ghd 4,287 6,718 5,379 7,074 4,109 7,168 
ingots billets, slabs, ete __________________ 2,196 60, 240 1.371 29, 232 2,071 40,993 
Other wrought _______________________ 1,404 40,368 783 22, 965 778 20, 509 
M ͥ ³Üͤ A.Aͥͥõꝙõ 8,096 108,800 7,830 61.370 7,333 70,861 
Pigment and oxides: 
Titanium dioxide pigments - -- --------- 12,823 77,657 91,702 86,900 106,124 97,804 
Titanium compounds, except pigment-grade _ _ _ _ _ 1,299 4,11 1,819 5,232 2,123 5,024 
A) 6: | HC" 14,122 82,068 93,521 92,132 108,247 102,828 


1Data may not add to totals shown because of independent rounding. 
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Table 13.—U.S. imports for consumption’ of titanium concentrates, 


by country 
1982 1983 1984 
Concentrate and country Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Ilmenite: 
Australia 342,279 $8,671 259,328 $9,262 409,605 $11,063 
Germany, Federal Republic of- 24 2 E oe SM M 
Sri Lanka. oo eu se hee ee 6,063 92 ES er xv "ER 
Total. ⁰ AA RR 348,366 8,165 259,328 9,262 409,605 11,063 
Titanium slag: 
Canada __________________ 201,168 24,908 127,691 18,533 160,155 25,081 
South Africa, Republic of |... 45,685 7,348 11,016 1,628 49,685 7,702 
Other ie A 992 609 — Euer = "e 
Totaamdmnm 247,845 32,865 138,708 20,161 209,839 32,183 
Rutile, natural: 
Australian 14,501 20,498 80,096 16,450 93,871 25,046 
Canada? |... i A Ll EM 219 55 
Sierra Leone 53,308 13,200 MS "M 48,436 13,326 
South Africa, Republic oK 11,320 2,431 10,817 3,365 15,939 2,674 
Other te ⁵ ü es oe ee Sc 2 2 79 21 es tat 
ff ens 139,131 36,131 90,992 19,836 158,465 41,100 
Rutile, synthetic: 
Australia... 22,144 2,876 11,118 1,767 22,043 3,810 
France __________________ ew E 127 11 e n 
Japan sse ies cene Sh ee 1,450 603 617 235 m" T 
Jaẽ wen -— SEN ree 8,723 1,583 UM 2 
Total? uu ĩðͤ cmm 24,194 3,479 20,586 3,696 22,043 3,810 
Titaniferous iron ore:* 
ic... 8 6,996 336 2,124 107 1,966 77 


1 Adjusted by the Bureau of Mines. 

2Country of transshipment rather than country of production. 

3Data may not add to totals shown because of independent rounding. 

‘Includes materials consumed for purposes other than production of titanium commodities, principally heavy 
aggregate and steel furnace flux. 


Table 14.—U.S. imports for consumption of titanium dioxide pigments, 


by country 
1982 1983 1984 
Country Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
] ³˙i¹1 .f 7;˙;ut. cte Lou e 4,112 $4,850 5,591 $5,824 5,211 $5,398 
Belgium-Luxembourg - --------------—---—— 4,131 4,90 14,456 11,287 10,840 9,824 
Canada o cr n cu chm FC 21,912 25,135 25,563 27,396 26,212 29,388 
lEinland ß feris Os ace Vinny e: 4,026 4,176 4,829 4,678 6,079 5,954 
FT T ͥͥͥ¹Üiö 0d ecc E LI S Le 20,862 22,126 31,195 30,032 47,801 45,107 
Germany, Federal Republic off 37,506 37,432 36,659 35,804 34,980 34,156 
Tote onec pe ome B De EM AE EE eh ae tie 297 318 1,223 1,082 1,078 1,032 
A)) ³ 5, 266 6,084 4,888 4,870 4,546 4,900 
I ⁰ V W — G.. a TA A 67 61 1,668 1,201 
F ⁰ͤ˙˙d E bs 7,312 1,125 6,428 5,638 6,931 6,304 
dùĩͥĩ] )]:.ę⅛xĩ?ĩͥ yd y 19,234 19,614 23,006 18,784 22,129 20,863 
United Kingdom 12,014 13,266 19,761 19,135 22,847 20,857 
F cep 506 494 155 115 2,597 1,447 
7;*— tlU MS 544 446 11,035 r788 518 520 
/ ae LE ð2 Lt Eo eus 138,922 146,569 174,857 165,495 193,501 186,952 
TRevised 


!ITncludes Algeria, China, Denmark, Hong Kong, India, the Republic of Korea, Macao, the Netherlands, Poland, 
Sweden, and Switzerland. 
2Data may not add to totals shown because of independent rounding. 
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Table 15.—U.S. imports for consumption of titanium metal, 
by class and country 


1982 1983 1984 
Class and country Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Unwrought: Sponge 
nada'- ĩ ẽͤᷣ³M— . eum aee 3 $32 = -— M "—— 
China o unn ek ee 24 287 1 84 me EM 
J ͤ tee tee rfe 1,283 16,753 976 6,761 22,662 $15,789 
USSR ws sie 88 44 160 193 913 a n 
United Kingdom... EN M 30 177 25 26 
. 1.354 17,232 1,199 7, 856 22,667 15,815 
Ingot and billet 
Kii; ee 20 194 2e -— zc zs 
Canada eso een ee 35 634 7 102 6 62 
ChinB. mec cC us ($) 1 - D (*) 1 
Prae e So ete eh ee Leu rts = CE "S T 38 162 
Germany, Federal Republic off 6 134 19 405 30 561 
EN a a ee 66 1,154 44 546 77 1.327 
USSR e WWA. 86 13 182 4 38 EL. nae 
United Kingdom 71 1,260 6 133 26 328 
Other ia c (*) 2 (*) 4 ($) 5 
// um 212 3,060 81 1,228 176 2,447 
Waste and scrap 
Austria ecol 88 eh d 39 55 217 390 
Belgium - - -- ----------—-—--—- 63 62 66 28 11 
Canada. cee i 195 698 451 2,240 190 320 
CHING: ooa eus e cec 17 88 22 19 68 168 
Frane 31 106 62 95 149 451 
SETA, Federal Republic of 12 261 166 365 294 851 
Japan n yt ee 48 191 44 130 117 522 
Sweden 69 197 90 168 100 301 
Switzerland PEE ne : 117 184 
S ³oðw¹mꝛꝛ! . 280 516 = 90 270 
pc Kingdom 475 1,489 463 1,036 544 2,215 
JJC A UMOR 0E 26 41 52 80 53 202 
rr ees tls wn ce 1,277 3,648 1,572 4,461 1,850 5,703 
Wrought titanium: 
e eee 469 7,549 317 5,219 212 3,701 
C 5 "M us "n a 
Germany, Federal Republic off ($) 24 ($) 2 6 140 
7);ö§ö;—oñ̃³ͤ 367 1,495 605 8,842 029 6,091 
United Kingdom 16 95 8 258 68 1,130 
Other ..-. os EL eut 12 199 5 33 25 441 
Totus uoces citer Nc EE 870 16,240 935 14,354 840 11,504 
Country of transshipment rather than country of origin. 
?Excludes sponge imported by GSA for the national stockpile. 
3Data may not add to totals shown because of independent rounding. 
*Less than 1/2 unit. 
WORLD REVIEW 


World production of titanium concen- 
trates increased because of rising TiO; pig- 
ment production and demand. Prices of 
concentrates and pigment increased, re- 
flecting the high demand. 

Titanium sponge metal production in the 
market economy countries increased about 
60% to an estimated 44,000 tons, reflecting 
improved demand in both aerospace and 
other industrial applications. 

Australia.—Australia continued to be the 
largest producer of titanium minerals with 


exports of ilmenite, in order of decreasing 
volume, to the United States, Japan, the 
United Kingdom, Spain, the U.S.S.R., and 
France, and exports of rutile mainly to the 
United States, the United Kingdom, the 
Netherlands, and Japan. 

Consolidated Rutile Ltd. was expected to 
complete a $27 million expansion of its 
mineral sands operations on North Strad- 
broke Island, Queensland, before the origi- 
nal target date of June 1985. Total annual 
production capacity was expected to in- 
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crease about 75% to about 96,000 tons of 
rutile and 70,000 tons of zircon. 

Westralian Sands Ltd. announced plans 
for a $57 million synthetic rutile plant at 
Capel, Western Australia, to process 
200,000 tons of ilmenite into 110,000 tons of 
synthetic rutile. The project was to be in 
partnership with Tioxide Group PLC., Unit- 
ed Kingdom, and Ishihara Sangyo Kaisha, 
Japan. 

Brazil.—Cia. Vale do Rio Doce authorized 
construction of a new facility for production 
of anatase concentrates. The plant was to 
have a capacity of 220,000 tons per year 
(TiO content) and supply a TiO; pigment 
plant in the State of Minas Gerais. These 
plans followed the successful results obtain- 
ed from the company's titanium concen- 
trates pilot plant at Tapira, Minas Gerais, 
which had a capacity of 15,000 tons per year 
of concentrates containing 90% T1O,.* 

Italy.—In September, the Tioxide Group, 
United Kingdom, agreed to buy for about 
$31 million Montedison S.p.A.'s Sibit subsid- 
iary, Italy's only TiO; producer, at Scarlino. 
This acquisition will raise Tioxide's annual 
capacity from 385,000 tons to about 455,000 
tons. 

Japan.—Showa Titanium Co. Ltd. report- 
edly increased its sponge output gradually 
to about 80% of its 2,200 tons per year 
capacity by midyear. Japan's three other 
producers, Osaka Titanium, Toho Titanium, 
and Nippon Soda, operated at somewhat 
lower proportions of their annual capaci- 
ties, which were approximately as follows: 
Osaka Titanium, 20,000 tons; Toho Tita- 
nium, 13,200 tons; and Nippon Soda, 2,400 
tons. Total Japanese sponge capacity was 
31,800 tons, and 1984 sponge production was 
16,938 tons, 46% higher than in 1983. 

Nippon Steel was to begin production of 
titanium mill products in late 1984. The 
company was to obtain 55 tons of titanium 
ingot per month from Toho Titanium for 
conversion into billet, sheet, and tube at 
various Nippon Steel plants. 

Sumitomo Metal Industries Ltd. was pre- 
paring to produce titanium alloy bars, using 
feedstock from Osaka Titanium. The com- 
pany planned to produce about 60 tons per 
month of small- and large-diameter bars, 
mainly for the domestic market. 

Norway.—Allis Chalmers Corp. an- 
nounced receipt of a $28 million order from 
the Engineering Div. of Elkem A/S for a 
pelletizing-reduction (Grate-Car) system to 
prereduce 350,000 tons per year of ilmen- 
ite concentrate. This system will be part 
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of a plant that Elkem is building for K/S 
Ilmenittsmelteverket A/S in Tyssedal, to be 
completed in 1986. The Grate-Car reduction 
product will be smelted in an Elkem electric 
furnace to produce about 220,000 tons per 
year of 75% TiO: slag product for TiO: 
pigment manufacture and 120,000 tons per 
year of byproduct pig iron. The ilmenite 
concentrate for the process is to be supplied 
by the Titania A/S Tellnes Mine near 
Hauge-i Dalane in Rogaland County. 

Sierra Leone.—Following resumption of 
operations in 1983 under 100% Nord Re- 
sources Corp. ownership, Sierra Rutile Ltd. 
(SRL) became the world's single largest 
producer of natural rutile. In 1984, SRL's 
production amounted to over 90% of its 
nominal 110,000 tons per year capacity. 
Maximum production before 1983 was 
about 56,000 tons per year.’ 

Sri Lanka.—The Ceylon Mineral Sands 
Corp. (CMSC) was planning to install a wet 
gravity and magnetic separation plant at 
Pulmoddai that would increase ilmenite 
production by an additional 16,500 tons per 
year. CMSC was also reportedly planning 
to establish a joint venture to convert il- 
menite stocks into synthetic rutile.? 

U. S. S. R. Production of titanium sponge 
metal was estimated to be 46,000 tons. 
Annual production capacity was estimated 
to be about 52,000 tons. Imports of ilmenite 
from Australia were 114,000 tons, about the 
same as in 1983, indicating some shortage of 
domestic titanium concentrates. 

United Kingdom.— Production of sponge 
granules by Deeside Titanium Ltd. was 
estimated to be about 55906 of its 5,500 tons 
per year capacity. Higher output of tita- 
nium was being encouraged by increased 
use by British Aerospace PLC of superplast- 
ic forming and diffusion bonding to fabri- 
cate structures that can save as much as 
40% in weight and 50% in costs and ac- 
count for up to 1896 of an aircraft's struc- 
tural weight. 

In September, SCM Corp. completed the 
acquisition of Laporte Industries Ltd.’s TiO, 
plants at Stallingborough, England, and 
Bunbury, Australia, for about $125 million, 
increasing SCM’s total capacity by about 
60% to 300,000 tons per year. SCM planned 
to increase the annual capacity of the Stal- 
lingborough plant from 80,000 to 96,000 
tons, within about 18 months. 

A proposal by the Commission of the 
European Communities to establish uni- 
form maximum emissions standards for dis- 
charges to water or air of waste from TiO; 
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production was rejected by the United King- 
dom House of Lords. A report by the House 
of Lords Select Committee on the European 
Communities concluded that as far as the 
United Kingdom is concerned, special provi- 
sions for the TiO; industry are not neces- 
sary or desirable, stating that the two Hum- 
berside TiO; plants have been discharging 
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wastes into tidal waters continuously for 30 
years with no observable effects on fish 
stocks in the river. The report gives indus- 
try estimates that complying with the Com- 
mission’s draft directive would increase 
the cost of TiO; by 10% to 15%, making 
European Economic Community producers 
uncompetitive in the world market.” 


Table 16.—Titanium: World production of concentrates (ilmenite, leucoxene, rutile, and 
titaniferous slag), by country! 


(Short tons) 
Concentrate type and country 1980 1981 1982 1983P 19849 
Ilmenite and leucoxene:? 
Australia: 
UImennneee RE 71,526,217 1,456,303 1,266,788 983,889 1,210,220 
Leucocxenne sun 26,393 21,232 21,758 14,330 21,000 
PFC! ³˙ AAA icE fee 18,562 121,924 14,530 53,124 55,000 
China une getestet meras trades i rcr ee 150,000 150,000 154,000 154,000 
Finland .. |... o. — 175,261 178,023 184,968 180,669 184,000 
India? A o SEE 185,078 179,141 168,543 *165,000 165,000 
Malaysian 2 208,470 190,432 111,556 245,509 215, 000 
Norway yx o Pr 912,508 124,907 608,215 599,919 606,000 
Portugal. secere eese Beet eines nu 258 368 322 272 275 
Sri Lanka FC 8 37,430 88,197 75, 268 90,145 88,000 
USSR? lors 246 Emu ea 460,000 470,000 475,000 480,000 485,000 
United States 906,646 542,357 263,391 W W 
TOU. ses ees oe ¾ A eS 4,106,829 4,022,884 3,340,339 2,966,857 3,183,495 
Rutile: 
Australia mE DOCTEUR RA 343,639 254,432 243,277 180,089 200,183 
Brazil hissy o OF nes haan eal et ea iot ca nee E 472 T226 248 1,166 1,200 
indidem aA ð⁰¼ʃ⁰ e EnA 5,908 7,397 7,385 7, 700 1,100 
Sierra Leone®_  .. 22222222222 " 52,356 05,992 52,590 19,146 100,600 
South Africa, Republic oſ[ſ j 53, 000 55,000 52,000 62,000 62,000 
Sri Lanka. J REC 14,097 14,662 7,950 9,814 8,800 
Jö a Lian ust die Ei rte 11,000 11,000 11,000 11,000 11,000 
United Stateeś W W W W W 
f ⁰˙¹w-- ⁵ a as 480,472 "398,709 374,450 350,915 391,483 
Titaniferous slag: 
Canada? mid duc ĩðVWf MEL EE "934,439 836,864 737,445 700,000 800,000 
South Africa, Republic of“ 379,000 408,000 420,000 "460,000 460,000 
TOL saraaa A 71,313,439 1,244,864 1,157,445 1,160,000 1,260,000 
j “Estimated. Preliminary. Revised. NA Not available. W Withheld to avoid disclosing company proprietary 
ata. 


Table excludes production of unbeneficiated anatase ore in Brazil, in short tons, as follows: 1980— not available; 1981— 
3,208,185; 1982— 3,136,054; 1983— 2,610,028; and 1984— 3,030,000 (estimated). This material reportedly contains 20% TiO. 


Table includes data available through June 18, 1985. 


2Ilmenite is also produced in Canada and in the Republic of South Africa, but this output is not included here because 
an estimated 90% of it is duplicative of output reported under Titaniferous slag,” and the rest is used for purposes other 


than production of titanium commodities, principally as steel furnace flux and heavy aggregate. 


3Data are for fiscal year beginning Apr. 1 of year stated. 


*Exports. 


Includes a mixed product containing ilmenite, leucoxene, and rutile. 


Contains 96% T1Os. 


"Contained 72% TiO» in 1980-82, 74% TiO» in 1983, and 80% TiOg in 1984. 


Contains 85% TiO». 


TECHNOLOGY 


The Bureau of Mines evaluated the inter- 
national availability of titanium from mar- 
ket economy countries.!? The study conclud- 
ed that rutile shortages could be alleviated 
by production from other high-grade tita- 


nium resources such as higher cost rutile 
deposits and anatase deposits, or through 
an increase in world synthetic rutile capaci- 
ty. The Bureau also investigated the occur- 
rence and recovery of byproduct gold and 
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heavy minerals such as ilmenite and rutile 
from west coast sand and gravel operations. 
Heavy mineral concentrates were prepared 
from sand samples from 150 locations, and 
individual titanium minerals and other 
products were prepared from selected con- 
centrates.'* Other Bureau of Mines research 
was reported on the smelting of a domestic 
rock ilmenite in an electric furnace with 
coke, woodchips, and sodium carbonate to 
separate most of the iron as pig iron and 
produce a low-iron, titanium-enriched slag. 
The slag was upgraded by sulfation with 
SO: and air at 750° to 950° C, followed by 
leaching in water to decrease to tolerable 
levels the calcium, magnesium, and manga- 
nese impurities that cause trouble in fluid 
bed chlorination of titanium concentrates.“ 
The Bureau also conducted studies to pro- 
vide data on the mechanical properties of 
Ti-6Al-4AV alloy cast in waterglass-bonded 
zircon sand and to determine the effect of 
hot isostatic pressing (HIP) on these proper- 
ties. The room temperature data on the cast 
and annealed alloy compared favorably 
with published values for investment-cast 
Ti-6Al-4V alloy. The HIP process healed the 
internal casting porosity in the test speci- 
mens, but the fatigue strength was not 
significantly improved.“ 

A study was made of the Yulee heavy 
minerals sand deposits of northeastern Flo- 
rida, which contain about 800,000 tons of 
TiO: in ilmenite, leucoxene, and rutile. A 
comparison with the Trail Ridge, FL, ore 
body led to the conclusion that concentra- 
tion of the Yulee heavy minerals was the 
result of normal reworking and sorting of 
sediments, but for the Trail Ridge deposits, 
a high energy environment, perhaps domi- 
nated by waves, wind, and storms, seemed 
logical. 

The Fifth International Conference on 
Titanium was held at Munich, Federal Re- 
public of Germany, September 10 through 
14, 1984, and was attended by about 600 
representatives from over 20 countries. The 
conference program covered a wide range of 
topics including metal production and melt- 
ing, scrap handling, physical properties, 
forming and joining, heat treatment, pow- 
der metallurgy, and applications. Producers 
were optimistic that demand would contin- 
ue to improve, particularly in view of re- 
ports of increased rates of ordering for 
commercial aircraft, but this optimism was 
tempered by the observation that demand 
for other industrial applications was grow- 
ing rather slowly. New technological devel- 
opments reported on included new alloys 
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with higher strength and/or easier form- 
ability, optimizing alloy properties by im- 
proved heat treatment routines, and new 
melting and forming techniques.“ 

Discussion on titanium extraction metal- 
lurgy centered around the possibility of 
reducing the cost of titanium production by 
replacing the currently used Hunter or 
Kroll processes, perhaps by going directly 
from the ore, or beneficiated ore, to a 
prealloyed powder suitable for use in de- 
manding applications. It was concluded that 
a number of possibilities exist for produc- 
tion of low-cost prealloyed titanium pow- 
der directly from titanium compounds such 
as TiO, TiCl, and sodium fluotitanate 
(NazTiF&). However, technical problems re- 
main to be solved before a homogeneous 
alloy powder can be produced in quantity.“ 

A symposium on titanium net-shape tech- 
nologies was held at the annual meeting of 
the American Institute of Mining, Metallur- 
gical, and Petroleum Engineers in Febru- 
ary. Subjects discussed included precision 
casting, isothermal forging, and powder 
metallurgy (PM).!* A review article on tita- 
nium PM discussed PM parts and processes 
currently in production and possible future 
applications. | 

Rapid solidification of titanium alloys by 
an arc plasma melt spinning technique was 
reviewed, and the advantages of a devitri- 
fied titanium alloy (one that has been 
quenched to an amorphous state and is 
subsequently crystallized by heat treat- 
ment) were discussed. Preliminary results 
on some mechanical and microstructural 
properties of rapidly solidified (RS) tita- 
nium alloys appear promising. Among the 
areas critical to the development of RS 
titanium alloys is the ability to consolidate 
such alloys into bulk form and to retain the 
enhanced mechanical properties.?! 

Other technological areas of titanium 
metallurgy that were reported included de- 
velopment of high-temperature titanium al- 
loys for use in gas turbine engines, air- 
frames, and other applications;? melting of 
titanium by various methods;?* advances in 
welding technology;?* corrosion behavior in 
a wide range of applications; develop- 
ments in titanium metal matrix applica- 
tions; nonrutile feed materials for produc- 
ing titanium; and the history of titanium 
tubing development.?* The threat of substi- 
tution of competing materials, especially 
nonmetallic composites, was examined, and 
it was concluded that direct competition 
with titanium in primary load bearing air- 
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craft components is unlikely. These nonme- 
tallic composites have been replacing alu- 
minum, which in turn creates a demand for 
titanium fasteners.?? 

General Electric Co.’s Aircraft Engine 
Business Group, Lynn, MA, reportedly 
planned to use a new graphite polyimide 
composite for an outer compressor duct, 
currently made of titanium, in its F404 
engine. The composite duct was said to 
provide the same strength as titanium, 
withstanding temperatures up to 550° F, 
and would weigh 15% less and offer consid- 
erable cost savings.“ At another location, 
General Electric’s Evandale, OH, jet engine 
plant was conducting Air Force-sponsored 
research to develop high-temperature RS 
titanium alloys intended to replace super- 
alloys in jet engine parts. The target tem- 
perature of these alloys would be 1,300° F, 
compared with a 950° to 1,000° F upper limit 
for currently used titanium alloys.*! 


! Physical scientist, Division of Nonferrous Metals. 

?Mineral data assistant, Division of Nonferrous Metals. 

zweight units used in this chapter are short tons unless 
otherwise specified. 

*U.S. International Trade Commission. Titanium 
Sponge From 180 and the United Kingdom. USITC Pub. 
1600, Nov. 1984, 80 pp. 
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Tungsten 


By Philip T. Stafford! 


Consumption of tungsten increased to a 
record-high level, 66% more than that of 
1988, and imports were at their highest 
level since 1956. Mine shipments increased 
1596 from those of 1983, but still remained 
lower than those of any year since 1934. 
Tungsten concentrate prices remained at a 
relatively low level increasing only slightly 
from those of 1983. 

More than 95% of domestic production 
came from three mining operations in Cali- 
fornia and Colorado. Most mines, mills, and 
ammonium paratungstate (APT) plants 
were closed all or part of the year. 

A 21-year deadlock between tungsten pro- 


ducing and consuming countries continued, 
as no agreement was reached at the 1984 
Geneva conference on stabilization of the 
world tungsten market. 

Domestic Data Coverage.—Domestic pro- 
duction data for tungsten are developed by 
the Bureau of Mines by means of three 
separate, voluntary surveys. These surveys 
are the “Tungsten Ore and Concentrate," 
“Tungsten Concentrate and Tungsten Prod- 
ucts,” and “Tungsten Concentrate." Of the 
44 operations to which surveys were sent, 
all responded, representing 100% of the 
total production shown in table 1. 


Table 1.—Salient tungsten statistics 
(Metric tons of tungsten content unless otherwise specified) 


1980 1981 1982 1983 1984 
United States: 
Concentrate: 
Mine production[nnn 2,154 3,605 1,521 980 1,203 
Mine shipments s 2,738 3,545 1,575 1,016 1,173 
Value oe ee 88 thousands $50,575 $62,231 $22,062 $10,528 $13,409 
Consumptio“n[¶ss 9,268 9,839 4, 506 5,181 8.577 
Shipments from Government stocks 1,703 958 344 259 1,368 
Exports ose hit se ³9mmHwvrr a ip 920 79 305 1 129 
Imports for consumption 5,158 5,331 3,528 2,861 5,807 
Stocks, Dec. 31: 
Predu era 8 48 108 54 47 46 
Consumer 601 671 1.765 1,085 959 
Ammonium paratungstate: 
Production uuum e sew 1,664 8,855 4,914 5,021 7,339 
Consumption 8,430 9,165 5,813 5,655 8,808 
Stocks, 31: Producer and consumer 438 699 148 970 1,191 
Primary products: 
Production 25 $213 ont e arae ee a 9,134 9,960 6,441 6,020 9,799 
Consumption 9,163 9.613 6,349 6,523 10,216 
Stocks, Dec. 31: 
Fart... enne es 1,598 1,472 1,477 1,433 1,850 
Consumer 1.075 936 933 1,446 1,585 
World: Concentrate: 
Production CORE pees r eels / ĩͤ EISE 751,985 749,088 45,686 P39 430 *44,939 
Consumption 147,070 147,104 40,135 P40,275 €47,180 
“Estimated. Preliminary. Revised. 
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Legislation and Government Pro- 
grams.—The General Services Administra- 
tion (GSA) Office of Stockpile Transactions 
continued to sell excess stockpiled tungsten 
concentrate on the basis of monthly sealed 
bids. Regular offerings of excess concentrate 
were made at the disposal rate of 136,078 
kilograms of tungsten content per month, of 
which 102,058 kilograms was for domestic 
use and 34,020 kilograms was for export. 
Additionally, supplemental offerings were 
made at the rate of 90,719 kilograms per 
month, of which 68,039 kilograms was for 
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domestic use and 22,680 kilograms was for 
export. As a result of the regular and 
supplemental offerings, concentrate sales 
totaled 1,486,006 kilograms of tungsten, of 
which 1,233,951 kilograms was for domestic 
use and 252,055 kilograms was for export. 
Actual shipment of excess concentrate 
from the stockpile totaled 1,367,770 kilo- 
grams of tungsten content in concentrate. 
Stockpile goals in effect remained as 
established in May 1980 by the Federal 
Emergency Management Agency. 


Table 2.—U.S. Government tungsten stockpile material inventories and goals 
(Metric tons of tungsten content) 


Material Goals National DPA! Total 
| stockpile inventory 
Tungsten concentrate: 
Stockpile grade „„ 25,152 25,012 72 25,084 
Nonstockpile grade „„ „„ i 12,369 83 12,452 
Totali: uc ] m a tM MM E 25,152 37,381 155 37,536 
Ferrotungsten: | 
Stockpile graſdſ‚ee „ — 381 = 381 
Nonstockpile grade- - - - - ----------------------—- ec 931 M 537 
IJ a K 8 "ET 919 m 919 
Tungsten metal powder: 
Stockpile grade oclo 126 711 "S 711 
Nonstockpile grade M 150 x 150 
/ AAA 8 726 861 ze 861 
Tungsten carbide powder: 
Stockpile gradeeekk „4 „„ „ 907 871 uus 871 
Nonstockpile grade Mem 51 in 51 
J ͥ%/Ü³¹i¹ uie eii, Lco noa dr e 907 922 eds 922 
Defense Production Act (DPA) of 1950. 
2Data may not add to totals shown because of independent rounding. 
DOMESTIC PRODUCTION 


Mine production and shipments increased 
23% and 15%, respectively, compared with 
those of 1983. Production totaled 1,203 met- 
ric tons of tungsten content in 1984, and 
shipments totaled 1,173 tons, the smallest 
amounts since 1934, except for 1983. AI- 
though eight mines in four Western States 
reported production, three mines provided 
more than 95% of the domestic tungsten 
production. No mine operated continuously. 
However, the Strawberry Mine and mill of 
Teledyne Tungsten, a subsidiary of Tele- 
dyne Inc., near North Fork, CA, in Madera 
County, produced tungsten concentrate ex- 
cept during the winter, when it was closed 
owing to weather conditions. 

Normally the largest producer, the Pine 
Creek Mine and APT plant of Umetco 


Inventory by program, Dec. 31, 1984 


Minerals Corp., a subsidiary of Union Car- 
bide Corp. (UCC), situated near Bishop, CA, 
was Closed or operated at a reduced capacity 
at various times during the year. 

The Climax Mine and mill of Climax 
Molybdenum Co., a division of AMAX Inc., 
at Climax, CO, was closed until mid-April, 
after which it was operated at one-half 
capacity through yearend. The Climax 
Mine, in Lake County, principally produces 
molybdenum. 

Two major operations were closed 
throughout the year: Emerson Mine and 
mill of UCC, at Tempiute, NV, in Lincoln 
County and the Springer Mine, mill, and 
APT plant of General Electric Co., near 
Imlay, NV, in Pershing County. 


TUNGSTEN 929 
Table 3.— Tungsten concentrate shipped from mines in the United States 
Reported value, f.o.b. 
Quantity nine! 

Year Metric ton „ Total Average Average 
units of 5 (thou- per unit Li Pam of 

WO4? (metric sands) of WO3 Mogram o 

: tons) tungsten 

1980 .. DENTES ees 345,239 2,738 $50,575 $146.49 $18.47 
1981 Bret fe Eel MEE 447,028 3,545 62,231 139.21 17.55 
1982 _ e z er 198,652 1,575 22,062 111.06 14.00 
9883333 anro se E 128,130 1,016 10,528 82.17 10.36 
I. ·˙·i¹˙ꝛma mE ERAI UG E 147,958 1.173 13,409 90.63 11.43 


Values apply to finished concentrate and are in some instances f.o.b. custom mill. 
2A metric ton unit equals 10 kilograms of tungsten trioxide (WO3) and contains 7.93 kilograms of tungsten. 


Table 4.—Major producers of tungsten concentrate and principal tungsten 
processors in the United States in 1984 


Company 


Producers of tungsten concentrate: 
Climax Molybdenum Co., a division of AMAX Inca 
Teledyne Tungsten. 


Umetco Minerals Corp., a subsidiary of Union Carbide Corp 


Processors of tungsten: 
AMAX Inc., AMAX Metals Group: "E — 


Fansteel Inc SOME NER xut M er e 


General Electric ro . |... 


GTE Products Corr | "XT 


Kennametal Ine Pee 
Li Tungsten Corp 

North American Phillips Lighting corps 
Teledyne Firth Stirling 
Teledyne Wah Chang Huntsville — 


Location of mine, mill, 
or processing plant 


224 4 Climax, CO. 
North Fork, CA. 
Bishop, CA. 


Fort Madison, IA. 
. North Chicago, IL. 
8 l Euclid, OH, and Detroit, MI. 
RI EP Towanda, PA. 
MORE Latrobe, PA, and Fallon, NV. 
Glen Cove, NY. 
Bloomfield, NJ. 
TN l Pittsburgh, PA. 
9 ». Huntsville, AL. 


CONSUMPTION 


Domestic consumption of tungsten in pri- 
mary products increased 57% to a record- 
high level. The major end use, 63% of the 
total, continued to be in cutting and wear- 
resistant materials, primarily as tungsten 
carbide. Other end uses were mill products, 
20%; specialty steels, 6%; and miscella- 
neous, including superalloys, hard-facing 


rods, chemicals, catalysts, and other tung- 
sten materials, 11%. 

Consumption of tungsten products used 
directly to make end-use items was distrib- 
uted as follows: tungsten carbide, 64%; 
tungsten metal powder, 24%; scheelite, 4%; 
tungsten scrap, 3%; ferrotungsten, 3%; and 
other, 3%. 
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Table 5.—Production, disposition, and stocks of tungsten products in the United States in 
1984 


(Metric tons of tungsten content) 


Hydrogen- 
reduced 
metal 

powder 
Gross production during yea 8,643 
Used to make other products listed here 5,452 
Net production 3,191 
Producer stocks, Dec. B14 835 


Tungsten carbide 
powder 
Made Crushed Chemicals Other? Total 
from and 
metal crystal- 
powder line 
5,452 973 2,888 70 18,026 
9 131 2,635 Mec 8,221 
5,443 842 253 170 9,799 
531 355 122 7 1.850 


Includes ferrotungsten, scheelite (produced from scrap), nickel-tungsten, and self- reducing oxide pellets. 


Table 6.— Consumption and stocks of tungsten products in the United States in 1984, by 
end use 


(Metric tons of tungsten content) 


Tung- Tung- scheelite Tun Other 
g- 
End use x d 8 0 Nos é (natural, sten n Total. 
nesten d synthetic) scrap! 2 
powder powder als 
Steel: 
Stainless and heat-resisting 48 Psi c 33 W uou 81 
I/. ¹ri De eae as td 38 c: n W cu "- 38 
OO MERECE EPOR 177 = dus 324 W 15 516 
Superallois. _ W W iet W W 5 5 
Alloys (excludes steels and superalloys): 
Cutting and wear-resistant 
materials s TS W 6,385 ines W 1 6, 386 
Other alloy W 24 W os 8 Da 32 
Mill products made from metal powder ROC 2,036 W EM AE = 2,036 
Chemical and ceramic uses E m. e m ane: 139 139 
Miscellaneous and unspecified |... __ 17 341 121 96 305 103 983 
Total oc a sc Pees le eas 280 2,401 6,506 453 313 263 10,216 
Consumer stocks, Dec. 31, 1984 4 37 137 1,227 51 51 82 1,585 


W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and unspecified.” 
!Does not include that used in making primary tungsten products. 

2Includes melting base, self-reducing tungsten, tungsten chemicals, and others. 

3Includes welding and hard-facing rods and materials and nonferrous alloys. 


PRIC 


The average value of tungsten concen- 
trate shipped from domestic mines and 
mills, as reported to the Bureau of Mines, 
increased 10% to $90.63 per metric ton unit 
of WO;, compared with the 1983 value. 
Excess tungsten concentrate was purchased 
from GSA during the year at prices ranging 
from $67.02 to $90.78 per metric ton unit for 
domestic use and from $63.93 to $97.80 per 
metric ton unit for export. 

The following price quotations showed 
similar price trends: European prices of 


tungsten concentrate as reported in Metal 
Bulletin of London; the U.S. spot quotations 
as reported in Metals Week; and the Inter- 
national Tungsten Indicator. Differences in 
the monthly and annual averages resulted 
from differences between the scheelite and 
wolframite concentrate prices for the same 
period of time. For 1984, prices increased 
1%, compared with those for 1983. 

Prices for intermediate products were not 
announced because of their competitive- 
ness. 
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Exports of tungsten in concentrate and 
primary products increased 78% from 953 
tons in 1983 to 1,700 tons in 1984. Imports 
increased 98% from 4,091 tons in 1983 to 
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FOREIGN TRADE 


Korean war. 


8,092 tons in 1984. This quantity was the 


Table 8.—U.S. exports of tungsten ore and concentrate, by country 


largest since 1956, when purchases of con- 
centrate for the Government stockpile were 
made under contracts still in effect from the 


1983 1984 
Tungsten Value Tungsten Value 
content (thou: content (thou- 
(metric sands) (metric sands) 
tons) tons) 
PSUs os f ³ h ³¹·Ü ' R A UM e LIA LEE E z 29 $279 
BFE A 222a - DRM EP 7 RU 25 161 
Canada ssa ] ] ß yy aiu . ne AE ewes (1) $3 2 D 
; cum dm ³ mu MA ⁊⅛ĩmv 2 ĩͤ v LA ut eee on 8 6 93 
Germany, Federal Republic oꝶ7ff: s. NM 1 7 48 571 
III ĩͤ ͤͤ⁰ͤ•˙ò V dee teer FCC so a (3) 3 
Mexico J 8 e 8 21 133 
Saudi Arabia. . . e io een (1) 1 — dis 
Total d i EA Ee rau] eraot ELE e 1 11 129 1.240 
Less than 1/2 unit. 
Table 9.—U.S. exports of ammonium paratungstate, by country 
1983 1984 
Gross Tungsten Gross Tungsten 
Country weight content! M iid weight content! 1101 
(metric (metric sanda) (metric (metric sands) 
tons) tons) tons) tons) 
, Ehe iss 2 2 2 (2) (2) $1 
Belgium-Luxembourg. - ----------- (2) (2) $2 ux ae A 
Canada «uL Lex men EE ee ELE E E er 3 2 39 
France. e unc 8 2 2 12 2 1 9 
Germany, Federal Republic off 6 4 44 1 1 9 
Japan --------------------—- TM ze La (2) (3) 5 
Korea, Republic fl 2) 2) 3 E RA EUN 
South Africa, Republic of Eu Dd n 5 4 56 
Totals adum A 8 6 61 11 8 119 
1Tungsten content estimated by multiplying gross weight by 0.7066. 
2Less than 1/2 unit. 
Table 10.—U.S. exports of tungsten carbide powder, by country 
1983 1984 
Tungsten Tungsten 
Country content hon content Rus 
(metric sands) (metric ganda) 
tons) tons) 
A). ³ðV ee CC ge 5 $143 8 $285 
Australia: —— en Lem epum 8 (1) 2 2 161 
Austa ˙·'wqu ˙¹˙˙j'j ] Ü md us bk eec ee tre e ole En EU MM pee 19 505 48 973 
Belgium-Luxembourg - - ------------------—----—--—— 4 146 15 396 
E! 00 cd ouis esp eui ³·¹ ened 10 258 7 198 
CONG ae s e eL ILL y y fe ee rcs 113 2,771 121 2,671 
Denmark — ß oe ee ee zs ae 205 
FFF ͥ 6ĩ¹i ee et es EE. 5 63 1 27 
77 er penn Sead NOE ee y ʒ m E ei. Ed 5 126 (3) 3 


See footnotes at end of table. 
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Table 10.—U.S. exports of tungsten carbide powder, by country —Continued 


1983 1984 
Tungsten Val Tungsten Val 
Country content aue content im 
(metric (thou- (metric (thou- 
sands) sands) 
tons) tons) 
Germany, Federal Republic of TRU TED REOR RU Rn 33 $798 38 $902 
IJ; ³˙ AA! ain uU tU 3 167 1 48 
Ireland . . .. . .  ...... TOTO 2 491 11 1,185 
IU MERERETUR 19 196 48 1,715 
＋!!!!; ³ ³ Ad y 8 16 504 61 1.193 
/;õ ( Aid eio ⅛³—Ä y 9 378 14 439 
Netherlands ] ] idum tenera epe RES eh TV T 402 6 361 
/// el t ri eaa LUI y ĩ 8 2 30 "NA "M 
Philippines eocen RIIV Rm puni aL usc a n Lu 1 21 6 18 
III esu ei ²˙Ü.i : . 3 47 2 47 
South Africa, Republic ofłlſ7?tſ]].]?)!.. s ssl 2 37 sees ais 
SWeden cs cs oe i ee at Bs a Anl ie wh A 88 2 41 1) 1 
United Kingdom 7%%ͤĩ ?!7?ik —?éÄʃ?! 67 1.432 49 1.496 
Venezuellaaa .... e Pr 2 56 2 54 
DUE rut a ³ ͤĩſdſ w 8 E 11 163 (1) 31 
)//Cöüöͤ ͥ ͥ ͥͥͥ ¹ð¹ãſ C ERREUR 1 330 9.277 448 12.415 
Revised. 
Less than 1/2 unit. 
Table 11.—U.S. exports of tungsten and tungsten alloy powder, by country 
1983 1984 
Gross Tungsten Gross Tungsten 
Country weight content! hien weight content! 1 
(metric (metric sands) (metric (metric sands) 
tons) tons) tons) tons) 
Argentina. an (?) (2) $4 2 l $43 
Australia |... . - EE ees (2) (2) 10 1 6 121 
A ⁵ði ⁵ð d ĩ 8 2) 2) 2 23 19 400 
Belgium- Luxembourg l 11 5 4 109 
Brazil -2 22-22222222 - 1 1 29 3 2 67 
. 8 20 16 417 20 16 497 
PP·ö˙Ü¹uꝛꝗw . 8 a "CP E 1 1 21 
Finland A ͤ K dM 11 8 194 4 3 69 
France- 5-2 nd osse Rd 2 1 49 (2) (2) 8 
Germany, Federal Republic of 53 42 1,526 98 78 2,471 
Ireland ________ -_________ — m 8 a 4 à 104 
Israel! FH EE 8 94 75 2,010 520 416 8,880 
Italy inse w he 2 2 41 (2) 2) 1 
DANY wissen Ä . des e 12 10 414 61 49 1,834 
Korea, Republic off (2) (2) 6 1 1 23 
M tios teens ⁰⁰ deser ces 2 2 57 2 2 56 
Netherlands 229 183 2,426 242 193 2,218 
Singapore 2) 2 17 3 3 64 
Sweden sun ↄ ˙ A eg ng ae eser dd 5 4 120 zu m" ya 
Switzerland 7 6 179 1 1 62 
Turkeyͤy⸗ͤʒk .. e 3 2 87 m oS - 
United Kingdom 2 2 65 23 18 279 
Other C Ej ry 128 2) 2) 2 
Total N S 445 356 7,692 1.020 816 17,329 
"Revised. 


1Tungsten content estimated by multiplying gross weight by 0.80. 
2Less than 1/2 unit. 
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1983 


Product and country une 
(metric 
tons) 
Tungsten and tungsten alloy wire: 
rn 1 
F ³˙¹¹.¹ʃ Ü ³Üwu qm ðçſd y ʒ Ce re 6 
Canadi- is ⅛˙•m m h mw=. ⁊ w UE ihe ees 19. 
F I....:mymymgs ys U Ma E E 2 
Germany, Federal Republic ok 4 
,, ß te ß 1 
/G! ˙⁵*]q ³ͤ˙ y y y y 1 
/ ³ĩðâvd/ſ// ⁰⁰⁰ʒ v Elbe eei n eM 3 
// her ³ ea Lc ³ðW6 wt 8 6 
Korea, Republic oeoulluluXXXX&&Xdn2Nnln&dum L llc 1 
Fh—]]]])))! 8 4 
H Se, Se ˙ WWA ³ AA e eet 2 
Taiwan eena ⁵Ü y ↄ ⁵ ae has ee (1) 
USSR at ˙²˙¹]¹ id m EA Eu ONT. EU 4 
United Kingdom = =... 222 22 ꝛoA³⁴ 3 
Venezuela + oec Le ee Ane d aoe ee 1 
Other ng o ĩð¾¾ as cer ee fe r2 
FON E EE EE A E E E EAE T A EA 60 
‘Unwrought tungsten and alloy in crude form, waste, and scrap: 
HI sis ĩðͤ an A c y (1) 
AUSLTIB- o oen enin esce 8 9 
oe -Luxembourg _ - -- -------------------—-——--——- EE 
eee Per es cee a ĩ ee l 
Canada PET Na pace ares r ehh Na w er led URP 22 
Finland. oo ce ⁰ͥ⁰¼;m m a ie EC ENT 
Germany, Federal Republic of __ ______________________ 206 
Ireldnd a es tah uU ĩð v LL LUE Sey E zm 
I uoce eu e e ⁰⁰y 8 E 
C ͥͥͥͥ ¹ð¹wuↄꝶ̃ͥͤ ⅛˙—˙⁵tt ðͤ wr 8 1 
JADAN uu LM LI LM M E DL esi ene 14 
MéXICODo ru u ß ¼d ⁵ . E 
Netherlands - - - - --------------------—---—-—-—-—-—- Ts 
Suff! "v. 
South Africa, Republic of ü eee ee en RS ete eae 13 
PHH: i a cp ee %ðͤů a cen ee 5 
nies Kingdom =- dd ee as SLE Lu 1 
ECCE CPU E E E E ß . ONS OR Ee Ot 1 
CO NC 219 
Other tungsten metal 
, ß y a a 
1J/õö§ö§ĩ⁵Üèſ . ð ͤ eS 2h atte a Ee RIE 
Canada m¼ d ⁊ dd ed E a 24 
o ß ne M LU N 3 
5 Federal Republic of aaa! 18 
́)0 ↄ . dy y y . e 4 
%% ³¹0i.ͤ c CUL ð d ⁰mt 88 11 
7777·Ü;àÜ—᷑ĩ.v0dkĩßxr y . 88 5 
Singapore hhüãſſͥ ⁰⁰ A Ee aci (1) 
Süd ³oðw/ / ³· / ME LL ML TM LEE E 
III! ³˙¹¹ CES 5 
JJ! y a ĩèð sd ß t E te 1 
United Kingdo . — 9 
Venezuela Ü⁰Üù ³o· AAA Add y SL (1) 
Gſ m ³ ⁰ ½ſdſſſſ y Eri eO ae ee 17 
TC CERES 8 88 


Table 12.—U.S. exports of miscellaneous tungsten-bearing materials 
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See footnotes at end of table. 
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Table 12.—U.S. exports of miscellaneous tungsten-bearing materials —Continued 


1983 1984 
Product and country n Value „ Value 
(metrie pre (metric (thou- 
tons) sands) toni) sands! 
Other tungsten compounds: 
Australia MONS DM Ce Sa 1 $11 (1) $8 
Austria be j)) LL LO ere o" Z5. 2 77 
Belgium-Luxembourg TC "e 21 196 (1) (1) 
e ett es wo O PEETA 12 141 2 34 
Canada- ssl. cuv aa — Le um EL E M. 7 264 8 280 
France .. ae „ EALNIES. 3 101 6 152 
Germany, Federal Republic S — MEM 7 175 4 78 
Hill ³¹5¹ series me „ P 19 60 
Hong Kong g  ....... P SONES 1 15 1) 16 
Ireland . RT PE ieee 1 26 6 148 
Israel E z 11 492 75 1.340 
FI RN Ans l 50 2 91 
Japan 2 11 188 10 201 
Korea, Republic of E A rr 6 27 (1) 2 
N Aw 6 182 13 243 
Netherlands r a o l 49 58 790 
Singapore „ EE 10 360 11 323 
Sweden F oe uet. iere ates n eye ob (3) 18 1 2] 
United Kingdom , l INA a EM e 104 319 1 25 
Venezuela ; NEES m (1j 11 l 24 
Others uuum mesoR a p ea z z 2 "73 1 64 
Total- «onum "cR | Z 205 2,698 220 3,977 
"Revised. 


lLess than 1/2 unit. 


Table 13.—U.S. imports for consumption of tungsten ore and concentrate, by country 


1983 1984 
: Tungsten Val Tungsten Val 

Country content ae content AINE 

(metric 1 80 metric (thou. 

tons) sanasi tons) sands) 

Argentina EOS - 3 5 $39 E t 
Australian €— 28 198 133 $1,166 
Bolivia. | | . TIPP eee 662 6,299 1,302 12,694 
Brazil M" 78 658 149 1,309 
Burma |) .. „ aoe 201 1,401 341 2,545 
Canada . Soke "M ee ar - 649 6,286 1,464 12,645 
Chile m ER 12 89 9 161 
China qucm "m LL *»1ONwN e 62 654 3l 221 
France. |. | | | |. Auc fs 40 353 16 140 
India _ r a a EE Tu ] T 56 
Japan ... d is tte oe : pe ze 10 92 
Korea, Republic of m PNE 117 846 16 98 
Malaysia "TD LL LLLZNUDNN ee -— 6 50 25 214 
Mexico _ TOTEM PA 215 1,698 196 1,610 
Peru . BEEN T 199 1,610 605 5,258 
Portugal % ĩ é ͤ u CQ INE N 339 3,524 606 5,504 
Rwanda NEA E M: 6 55 
Singapore 13 90 
Spain de = 22 220 

Sweden . ud EPI 26 179 

Thailand NS 7 Meta 142 1,197 774 7.038 
Turkey  . m oux t 53 426 51 422 
United Kingdom : 27 210 25 114 
Zimbabwe | ts be v - B 6 63 


Total Ro. E 2,861 25,011 5,807 51.715 
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Table 14.—U.S. imports for consumption of ammonium tungstate, by country 


1983 1984 

Country content value content Value 

(metric oe (metric E 

tons) sands) tons) sangas 
Jii!:::::: 7⅛˙*ͥ·⸗.·.; ꝛ·ꝛ AAA E E 73 $942 44 $466 
f . . e c eoe SE 12 13 = se 
Ching om ⁰⁰ðꝗ 8 55 174 2,524 720 8,215 
Germany, Federal Republic ol 52 921 26 397 
hkk ⁰ a ro EN 24 235 
Korea, Republicof - - _____________-~------_-~-+---- 431 5,011 356 3,999 

Neill ³ð One eh ee es A ee EN x 
South Africa, Republic of- 2222222 17 252 sta es En 
United Kingdom___________________------------- 3 18 (1) (1 
7) dtc d:: é dd ĩðͤ . 8 762 9,804 1,172 13,414 
1Less than 1/2 unit. 


Table 15.—U.S. imports for consumption of ferrotungsten, by country 


1983 1984 
Country 5 Value 5 Value 
(metric io (metric 1 
tons) tons) 

ß ß . UTE E 25 $295 93 $1,135 

)ö»X»õ:fd0ͤ e ou sel RAM Min A aep cA E "o EM 26 1 
)%)%õ ³·o1A 0 ³¹ Add y EITHER EM e 8 90 
I ov Elan spes e eiue ¾ð hg Ae a2 EM 10 115 
Germany, Federal Republic olf ates Se 38 425 
Netherlands LLL EN m 8 92 
Portüugül -c ——— als emotions Ao c 8 19 257 65 803 
Sweden ů odd Le k;k 4 52 32 369 
United Kingdom- - - - - - ------------------------——- a aoe, 5 72 
zei dd c cras si LAS 48 604 285 3,420 


Table 16.—U.S. imports for consumption of miscellaneous tungsten-bearing materials 


8 1983 1984 
Product and country 8 Value . Value 
(metric ira (metric ee 
tons) sands) tons) sands) 
Other metal-bearing materials in chief value of tungsten: 
Canada n ß hah ee (3) $3 — ake 
United Kingdom- - - ------------------—-----——_— 6 23 x s 
7JöͤĩÄ5èd s 6 26 e x 
Waste and scrap containing not over 50% tungsten: 
/%)%)%)%0%/õͤͤ ³·1³-mwÄATTꝙVT0ſddddſ AE ue e edis — (1) 4 1 $5 
rõũſſꝗ ͥ¶ͥ ³ ³ 0 ³ A ehe us Ei a iE cs GS TAN 3 30 
FFF... ³ow dy os e Lc e v oa 9 44 
United Kingdom — 1 26 13 135 
%%)%%%)hYfTͤõͤõͤĩ§V’»0CsOd d 6) 2 3 (3) 3 
lr be es Lois 1 131 26 217 


See foot notes at end of table. 
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Table 16.—U.S. imports for consumption of miscellaneous tungsten-bearing materials 


—Continued 


Product and country 


Waste and scrap containing over 50% tungsten: 
Australia -_—--------------2--------——_ Rod Lu tthe 
Belgium-Luxembourg. ____________________.____- 
Canada eise eec aCe oe Mu e A ee M E ee 
P1111 ̃²ĩ ! testem ...... ¾˙—‚6]8] diem ree ct e Re ie 


Israels Soo ooi tao ³oÜ.—᷑⏓— iA URL eee pes ee ee A 


A vu ccu s at Se oe at Lr LE E rd Ee 
South Africa, Republic ofHU —œꝛ ~~ Le 
WOON ek a ⅛˙ 0 yd kd PM LA eat hc meni 
Switzerland. .- uz Bee eee eee 
Thailand ___________ pet y 
United Arab Emirates 
United Kingdom. . -22222222222222 


Unwrought tungsten, except alloys, in amps, grains, and powders: 
Belgium- Luxembourg 8 S E 
CHING: 2.2.2 hane rcd ou —— 


Japan ue euet a a el 7 pp EX 
Korea, Republic oa 
United Kingdoms 
AA; 777 oC a seas he ge E 


Total cime lela S ae ae a ee s Rute eres 
Unwrought tungsten, ingots, and shot- - - . . 
Unwrought tungsten, other:? ????! — 
Unwrought tungsten, alloys: 

AUSA. nr oes ad carte attra ey ue Vete oS ee Lo es ae 
Canada... auum monem RES eee ae aei alta, ata es 
ChIHde- m mo dad ³ A A y 
Germany, Federal Republic of- 8 ͤ Rue 
Korea, Republic of- -222222222222 * 
Other unam Hunees S EE OETAN 


Wrought tungsten:? 
Australian / Psp teh er aE eat 
France._-_______.___. ee 
Germany, Federal F n ———————— 
Japan |. ........ 


Other ``. 2 2222222 8 


Cl ͥͥͥ0ͥ¹1¹wu1 ⅛˙ -.: 


Calcium tungstate: 
Germany, Federal Republic off 
/ͤĩv « õ a 6 ·ts ß 


Total |. 1!!! S — 


See foot notes at end of table. 


1983 


Tungsten 


content 
(metric 
tons) 


— 


Value 
(thou- 
sands) 


269 


1984 


Tungsten 


content 
metric 
tons) 
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NUUA, A 
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but 
— 


— 


NH ee Oe n -l 


38 


Value 
(thou- 
sands) 
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Table 16.—U.S. imports for consumption of miscellaneous tungsten-bearing materials 
— Continued 
1983 1984 
n Tungsten 
Product and country 9 N 1 14 
(metric (t ya (metric gato 
tons) JANES tons) 
Tungsten carbide: 
Australig ue ee Enc I Hacia. d Lee T 2 $24 
I1;·ÜÜê ee ce cunei uL A Si le ELE 2 $45 1 31 
Belgium Luxembourrngdggdgggggkgg l2- 23 715 33 921 
U es i Se cti 2 62 2 74 
JJJ%%%%%%ͤé nd y eee d Een 3 76 4 98 
Germany, Federal Republic ollT!].!! 177 3,356 317 6,551 
7% ³ÄW AAA E UR d UE ue (3) 3 2 53 
Korea, Republic oa 15 274 47 779 
///)%7)UUC ö ⁵ðõĩſſCĩ / ³·Ü ä OR ⅛ -! y 8 7 111 2s e 
South Africa, Republic off — 3 1 6 1 
United Kingdom- -------- -------------------- 1 23 42 695 
)))) ⁰wà ⁵ĩ⅛ -. EU Fl) 113 ($) 6 
Total ite See eo E ³ 8 231 4,684 451 9,233 
Other tungsten compounds: 
1!!! ede 8 (1) 12 33 
China codena n ⁵ i freta . cete pu 64 544 M n 
Other sesana ccc PEE 2 1 32 (!) 18 
% aan MS ] m ³ - ⁰m MEE 66 588 1 51 
Mixtures, organic compounds, chief value in tungsten: 
«êÜ? y ed e tue: oe € 2 53 
Germany, Federal Republic oJ „ö 1 17 2 60 
/ ͤͤõͤ0y0ĩxi Se k RM ner ga "- 28 51 
)))) ·˙· ²³ A ⁰(y NM (3) (3) (1) 5 
7õÄͤͥͤĩ⁵ĩ˙¹-Aͥ ³·¹ w-. ·˙ m 8 1 17 32 169 
r Revised. 
Less than 1/2 unit. 
Estimated from reported gross weight. 
Revised to zero. 
Table 17.—U.S. import duties on tungsten 
TSUS io Rate of duty effective Jan. 1, 1984 
m 
No. Most favored nation (MFN) Non-MFN 
601.54 Tungsten ore 17 cents per pound on 50 cents per pound on 
tungsten content. tungsten content. 
603.45 Other metal-bearing materials 10 cents per pound on 60 cents per pound on 
in chief value of tungsten. tungsten content and tungsten content and 
4.8% ad valorem. 40% ad valorem. 
606.48 Ferrotungsten and ferrosilicon tungsten _ _ _ 7.5% ad valorem... 35% ad valorem. 
629.25 Waste and scrap containing by weight 5.9% ad valorem .... 50% ad valorem. 
not over 50% tungsten. 
629.26 Waste and scrap containing by weight 4.2% ad valorem Do. 
over 50% tungsten. 
629.28 Unwrought tungsten, except alloys, 3 cents per pound on 58% ad valorem. 
in lumps, grains, and powders. tungsten content and 
12.5% ad valorem. 
629.29 Unwrought tungsten, ingots, and shot_ _ _ _ _ 8.3% ad valorem. ------ 50% ad valorem. 
629.30 Unwrought tungsten, other___________ 9.6% ad valorem... .. 60% ad valorem. 
629.32 Unwrought tungsten, alloys, containing 5.6% ad valorem_______ 35.5% ad valorem. 
by weight not over 50% tungsten. 
629.33 Unwrought tungsten, alloys, containing 9.6% ad valorem ----- 60% ad valorem. 
by weight over 50% tungsten. 
629.35 Wrought tungste n 8.8% ad valorem. Do. 
416.40 Tungstic acid 12.2% ad valor em 55% ad valorem. 
417.40 Ammonium tungs tate 11.2% ad valorem 49.5% ad valorem. 
418.30 Calciumtungstate _______________- 10.5% ad valor em 43.5% ad valorem. 
420.32 Potassium tungstate _______________ 15.6% ad valorem |... 50.5% ad valorem. 
421.56 Sodium tungstate _________________ 11% ad valorem ___ __ __— 46.5% ad valorem. 
422.40 Tungsten carbilde 12% ad valorem ------- 55.5% ad valorem. 
422.42 Other tungsten compounds 10.7% ad valor em 45.5% ad valorem. 
423.92 Mixtures of two or more inorganic 3 MO la ee peat spit ag Do. 


compounds in chief value of tungsten. 
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WORLD REVIEW 


The Committee on Tungsten (COT) of the 
United Nations Conference on Trade and 
Development held a meeting in Geneva, 
Switzerland, during December in an effort 
to resolve a 21-year deadlock between pro- 
ducing and consuming countries concerning 
the stabilization of the world tungsten mar- 
ket. No agreement was reached by COT, but 
it established a sessional working group to 
review and assess the current market situa- 
tion and short-term outlook. Recommenda- 
tions were made to expand and improve the 
COT quarterly Tungsten Statistics” bulletin 
and it was recommended that another meet- 
ing be convened in 1985. 

Canada.—The mine and mill operated by 
Canada Tungsten Mining Corp. Ltd. at 
Tungsten, Northwest Territories, produced 
2,111 tons in 1984 compared with 280 tons 
in 1983, when the mine was shut down for 
10-1/2 months. The mine began 1984 oper- 
ations at one-half capacity, but reached full 
capacity production in August. Production 
capacity is 3,500 tons per year. Mill recov- 
ery was 79.6% from ore grading 1.43% WO,. 
At yearend, ore reserves were reported by 
the company to contain 28,000 tons of 
tungsten.? 

The Mount Pleasant tungsten-molyb- 
denum mine and mill, in Charlotte County, 
New Brunswick, operated at one-half to full 
production capacity rates during various 
times in 1984. The joint venture between 
Billiton Canada Ltd. and Brunswick Tin 
Mines Ltd. has the capacity to produce 
concentrate containing 1,500 tons of tung- 
sten and 600 tons of molybdenite (MoS;) 
from a 2,000-ton-per-day mill. Minable ore 
reserves were placed at 25,000 tons of tung- 
sten in ore, grading 0.39% WO; and 0.204% 


MoS. 

At yearend, AMAX through its subsid- 
iary, AMAX of Canada Ltd., continued to 
delay development of the MacTung tung- 
sten deposit near MacMillan Pass along the 
Yukon-Northwest Territories boundary un- 
til world tungsten market conditions im- 
proved. Reserves were placed at 57 million 
tons of ore, grading 0.95% WO; or 430,000 
tons of tungsten, the largest known deposit 
in the market economy countries. 

Peru.—The International Finance Corp. 
loaned $5 million to the Peruvian mining 
company S.A. Minera Regina (SAMR) for 
part of the financing of a $21.4 million 
expansion and improvement of its tungsten 
mining operations. SAMR expects to in- 
crease its production from 155 tons of tung- 
sten content in 1983 to 1,450 tons in 1988 
upon completion of the project. Its oper- 
ations are in the southeastern altiplano 
region, about 70 kilometers north of Lake 
Titicaca, in the district of Inchupalla, De- 
partment of Puno, in an area with an 
average elevation of 4,600 meters. 

United Kingdom.—The United King- 
dom’s Secretary of State for Environment 
rejected the planning application for a 
tungsten-tin mine and mill to be con- 
structed by AMAX Exploration of U.K. Inc. 
and Hemerdon Mining and Smelting (U.K.) 
Ltd. near Plymouth. The proposed plant 
would have a capacity of 2,000 tons per year 
of tungsten and 400 tons per year of tin. 
Minable ore reserves were placed at 60,000 
tons of tungsten. 


1Physical scientist, Division of Ferrous Metals. 
2Canada Tungsten Mining Corp. Ltd. 1984 Annual 
Report. 16 pp. 


Table 18.—Tungsten: World concentrate production, by country! 


(Metric tons of tungsten content) 


Country 


China |. .. = |... 
Czechoslovakia 


Japan m 
Korea, North® |. | __ 
Korea, Republic of - 

Malaysia VIE 
Mexico 


See foot notes at end of table. 


1980 1981 1982 1983P 1984P 
14 111 17 41 40 
3.575 3.517 2,618 2,015 1,843 
2,150 1,435 1,714 1,405 1,294 
2,132 2,779 2,534 2,449 *2,100 
1,116 "1,576 1.574 1,056 998 
823 825 844 930 1.096 
3,179 1,993 2,842 328 3,690 
15,000 13,500 12,500 12,500 13,500 
80 50 50 50 50 
577 591 727 832 796 
22 18 25 15 21 
668 1631 604 475 477 
2.200 2.200 2.200 500 1.000 
2.737 2,139 2,420 2,480 2,103 
14 35 43 25 3 
266 263 194 186 214 
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Table 18.—Tungsten: World concentrate production, by country! —Continued 


(Metric tons of tungsten content) 


Country 1980 1981 1982 1983P 1984P 

Namibia? ____________________________ 150 mU E ot em 
New Zealand __________________________ 4 10 7 6 7 
%; ³ĩ1V¹00³ ² ö: 888 1581 521 658 802 878 
Pn ⁵³ 8 1,568 1,395 1,358 1,183 1,493 
Rwanda comu g y 8 1367 1281 324 231 291 
J ³˙Ü ¹ dua Mel ⁰— ets 446 437 545 517 2500 
Sweden ________________________ — 1289 1312 268 365 385 
Faith,, 1,615 1,209 855 562 741 
Turkey dec 96 153 e150 e325 e350 
Uganda: inat Aff mr ee dec e 5 1 4 4 4 
USSR Sa aa G ³ AA S 8,700 8,850 9,000 9,100 9,100 
United Kingdom 50 uc 
United States 2,754 3,605 1,521 980 1,203 
Zdllg-s he oreti doe Lt n EA ⁵ (ü ³ÄA ae ee T 69 T 46 44 
hh i r t at *90 e55 52 24 72 

ip d S 151,985 749,088 45, 686 39,430 €44,939 


*Estimated. PPreliminary. "Revised. 
Table includes data available through Aug. 22, 1985. 


Table 19.—Tungsten: World concentrate consumption, by country! 


(Metric tons of tungsten content) 


Country? 1980 1981 1982 1983P 19849 3 
Reported consumption: 
Australia e 8 76 100 145 160 140 
J ))) (h ( 88 12.321 11.850 1.304 r €1,629 2,000 
Canada oce ⁵%³ Ü ⁰dyd tk a A 21 r2] 118 "15 15 
Rrance-c vl ³⁰˙·AA m 841 684 647 504 4627 
fp d La EE 2,931 2,238 1,826 1,977 42,350 
Korea, Republic off 1,434 1,793 1,560 €1,555 1,970 
ö; ]ð (yy 8 e40 40 r €19 22 *61 
F o² m titer rue 206 227 183 174 200 
S ³⁰ꝗ . tU eic se 2.155 1.432 994 r €774 600 
United Kingdom 1,462 879 367 €300 400 
United States --_—--------------------—_- 9,268 9,839 4,506 5,181 48,577 
Apparent consumption: 

Argentina ------------ Be 8 19 20 29 41 50 
Belgium- Luxembourg e100 9 9 10 20 
BFPllnnlnkl 8 556 480 454 450 369 
China: uo oho hae ec SR UL Gru cte aE 4,500 4,800 4,500 15,000 5, 500 
Czechoslovakia) 1.300 1.300 1.300 1.300 1,300 
German Democratic Republic? 270 270 270 1250 270 
Germany, Federal Republic orf kk 1.499 1.348 1.541 2,030 3,600 
r psi es cain 600 600 600 " 400 500 
//üũ 0 ee Ee 299 459 7300 F300 400 
•öö;X—/•— TO ett ela T E a 90 40 40 40 40 
Korea, North®?_________________________ 1,600 1,600 1,600 500 1,000 
Netherlands 400 400 300 300 300 
Polánd sue Ea cL LL 895 421 1,312 1,073 594 
South Africa, Republic of) 250 250 250 250 250 
SDAIN: xni n Stee a a a ates Spe 137 98 161 140 | 47 
USSR T -oeat Nt ·ꝛ· tes ee 13,800 15,900 15,900 15,900 16,000 
Total. ngos tuu AAA Apo ain 147,070 147,104 40,135 40,275 47,180 


“Estimated. Preliminary. Revised. 

1Source, unless otherwise specified, is the Quarterly Bulletin of the UNCTAD Committee on Tungsten: Tungsten 
Statistics. V. 19, Nos. 1-2, Jan.-Apr. 1985. 

2In addition to the countries listed, Bulgaria, Denmark, Finland, Israel, Norway, Romania, Switzerland, and 
Yugoslavia may consume tungsten concentrate, but consumption levels are not reported, and available general 
information is inadequate to permit formulation of reliable estimates of consumption levels. 

3Estimated by the Bureau of Mines. 

‘Reported figure. 

Production plus imports minus exports. For a few countries where data were available, variations in stocks were used 
in determining consumption. 


Vanadium 


By Peter H. Kuck! 


The world vanadium industry recovered 
partially in 1984 from the worst market 
situation in more than 15 years. This recov- 
ery was primarily the result of increased 
raw steel production in the United States, 
Jápan, and the European Community. More 
than 85% of the vanadium sold on the world 
market was consumed in steelmaking as 
ferrovanadium or related vanadium-carbon 
ferroalloys. Producers of vanadium oxides 
and slag in the Republic of South Africa 
began restarting idled extraction equip- 
ment in February and were operating at 
about 80% of capacity by midyear. 


On April 2, Union Carbide Corp. regroup- 
ed its worldwide mining, processing, and 
metals exploration activities into a new, 
wholly owned subsidiary. The new subsid- 
iary, Umetco Minerals Corp., was responsi- 
ble for the company's chromium, tungsten, 
uranium, and vanadium businesses in the 
United States, the Republic of South Africa, 
and Brazil. The creation of Umetco put 
Union Carbide's vanadium operations in 
the United States and the Republic of South 
Africa under a unified financial and man- 
agement structure. 


Table 1.—Salient vanadium statistics 
(Short tons of contained vanadium unless otherwise specified) 


United States: 
Production: 
Ore and concentrate: 
Recoverable vanadium! 


Vanadium oxides recovered from ore? 


Exports: 
Ferrovanadium (gross weight) 


Ore and concentrate 


Vanadium pentoxide, anhydride (gross weight) 

Other compounds (gross weight) 
Imports (general): 

Ferrovanadium (gross weight) 


Vanadium pentoxide, anhydride 
World: Production from ores, concentrates, slags 


“Estimated. Preliminary. Revised. 


Vanadium oxides recovered from petroleum residue 
Sinns. 88 


Ores, slags, residues 


1980 1981 1982 1983 1984 
we 4,806 5,126 4,098 2,171 1.617 
564,370 $71,496 $52,577 $30,675 $24,551 
zs 5,506 6,368 4,867 2,433 2,620 
1,520 1,900 1,513 893 1,663 
5m 6,139 6,863 3,496 3,277 4,761 
EM 803 435 326 775 469 
Em 46 96 91 99 12 
mode 124 346 1,582 2,048 3,112 
zie 190 61 361 95 305 
Lu 328 1,236 855 846 1,461 
m 1,786 2,435 1,112 98 633 
= 856 354 129 408 149 
Fes 740,709 38,562 36,125 30,924 34.292 


*Recoverable vanadium contained in uranium and vanadium ores and concentrates received at mills, plus vanadium 
recovered from ferrophosphorus derived from domestic phosphate rock. 

* Produced directly from all domestic ores and ferrophosphorus; includes metavanadates. 

Includes vanadium recovered from ashes and spent catalysts. 
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In the United States, the beleaguered 
vanadium industry was in the midst of a 
major restructuring in order to better com- 
pete in international markets against prod- 
ucts derived from Chinese and South Afri- 
can magnetite ores. The restructuring was 
triggered by (1) the sharp decline in ferrova- 
nadium consumption by U.S. steel produc- 
ers during the 1982-83 recession, and (2) 
continuing depressed prices for coproduct 
uranium oxide. Umetco resumed operations 
at its vanadiferous clay mine in Arkansas to 
compensate for the shutdown of its ura- 
nium-vanadium operations on the Colorado 
Plateau. Atlas Corp. also put its uranium- 
vanadium mill on standby and switched 
resources to the company's gold operations. 
By yearend 1984, the uranium-vanadium 
industry was at a complete standstill. 

The weak and slow recovery of the U.S. 
steel industry gave only minimal encour- 
agement to the remaining hard-pressed pro- 
ducers and converters of vanadium oxides. 
The sharp rise in ferrovanadium consump- 
tion represented a modest recovery from a 
20-year low, rather than a sanguine outlook 
for the vanadium industry. For the first 
time in 23 years, the U.S. Government 
purchased vanadium materials for the Na- 
tional Defense Stockpile (NDS). 

Domestic Data Coverage.—Domestic pro- 
duction data for vanadium are developed by 
the Bureau of Mines from four voluntary 
surveys of U.S. mills and processing facili- 
ties. All 18 of the plants or mills canvassed 
in 1984 responded. Supplemental informa- 
tion was provided by two power-generating 
stations. Data on uranium-vanadium min- 
ing operations are obtained from an inde- 
pendent survey conducted by the U.S. De- 
partment of Energy (DOE). Only 35 mines 
in the United States reported production or 
shipments of vanadium-bearing ores in 
1983, compared with more than 55 in 1982. 
In 1983, 18 uranium-vanadium mines on the 
Colorado Plateau permanently closed or 
were on standby because of the depressed 
market for yellowcake (natural UsOs con- 
centrate). 

Legislation and Government Pro- 
grams.—After 10 years of inactivity, the 
General Services Administration (GSA) 
took. action to upgrade and increase the 
stocks of vanadium materials held in the 
NDS. The NDS goals of 1,000 short tons of 
vanadium contained in ferrovanadium and 
7,700 tons of vanadium contained in vana- 
dium pentoxide (V.O;) remained in effect 
throughout the year. These goals were 
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established by GSA on May 1, 1980. On 
September 21, 1983, Gulf Chemical & Metal- 
lurgical Co. was awarded a contract to 
supply the stockpile with 101 tons of vana- 
dium contained in pentoxide meeting Grade 
A purchase specifications. Grade A material 
must contain at least 98.0% V. Os by weight 
on a dry basis and have a total alkali 
content of less than 0.75%. On June 4, 1984, 
a second pentoxide contract for 80 tons of 
contained vanadium was awarded to Umet- 
co. Umetco, the newly formed subsidiary of 
Union Carbide, won the award with a bid of 
$2.95 per pound of V4O.,. Five lots from Gulf 
Chemical containing a total of 69 tons of 
vanadium were accepted by GSA during the 
fourth quarter of 1984 after extensive sam- 
pling and testing. This was the first large- 
scale acquisition of vanadium materials by 
the U.S. Government since the former 
Atomic Energy Commission halted its vana- 
dium credits program in 1962. | 

As of December 31, 1984, the U.S. Govern- 
ment inventory consisted of 609 tons of 
contained vanadium in the form of V. Os. 
However, the 541 tons in the inventory that 
were purchased between 1947 and 1955 
contain excessive amounts of alkali and 
may require upgrading prior to use. Be- 
cause of recent advances in smelting and 
improvements in alloy quality, converters 
must now start with chemically purer 
grades of pentoxide. The Interagency Work- 
ing Group was established in 1982 to under- 
take quality assessment studies mandated 
by the National Materials and Minerals 
Policy, Research and Development Act of 
1980. Both the National Academy of Sci- 
ences and the American Society for Metals 
were advising the group. All of the stockpile 
purchase specifications and special instruc- 
tions pertaining to vanadium were being 
reviewed in 1984 by the Interagency Work- 
ing Group and were expected to be substan- 
tially changed. 

Environmental concerns about the stabi- 
lization and long-term control of uranium- 
vanadium mill tailings continued to attract 
public attention in the Rocky Mountain 
States. At least three Federal agencies, a 
variety of State regulatory agencies, and 
most mill operators on the Colorado Plateau 
were involved in tailings stabilization proj- 
ects, environmental hearings, and/or 
lengthy litigation. 

In January, Oak Ridge National Labora- 
tory began a 3-year effort to survey 8,000 
properties in nine Western States for possi- 
ble low-level radioactive contamination 
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from the use of uranium mill tailings in 
construction materials. The effort was part 
of the DOE remedial action program man- 
dated by the Uranium Mill Tailings Radia- 
tion Control Act of 1978. About 6,800 of the 
properties being surveyed are near Grand 
Junction, CO. Some of the other inactive 
uranium-vanadium millsites on the list 
were Monument Valley and Tuba City, AZ; 
Durango, Naturita, and Old Rifle, CO; 
Edgemont, SD; and Green River, UT. Also 
in January, DOE signed an agreement with 
the Navajo and Hopi Indian Tribes permit- 
ting cleanup of the now-dismantled Tuba 
City mill, starting in late 1986. The Tuba 
City mill, about 20 miles northeast of Cam- 
eron, was operated by the Rare Metals 
Corp. of America from 1955 to 1962 and by 
El Paso Natural Gas Co. from 1962 to 1966. 
DOE also agreed in 1984 to clean up tailings 
at Shiprock, NM, and two other sites in the 
Four Corners area of the Navajo Reserva- 
tion. Total cleanup of the four tribal proper- 
ties was expected to take about 5 years and 
cost at least $50 million. In February, DOE 
and the State of Utah awarded a $38 million 
contract to the Argee Corp. of Denver to 
remove 2.9 million tons of tailings from the 
Vitro millsite in South Salt Lake. Argee 
will transport the material by rail 85 miles 
to a specially designed burial pit near Clive 
in Tooele County, UT. 

The Environmental Protection Agency 
(EPA), the American Mining Congress, and 
the Environmental Defense Fund remained 
locked in litigation over EPA's final stand- 
ards governing the long-term disposal of 
uranium mill tailings. EPA issued the 
standards in late 1983 under the authority 
of the Uranium Mill Tailings Radiation 
Control Act. In November 1984, the Nuclear 
Regulatory Commission (NRC) announced 
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that it would begin revising its own tailings 
disposal regulations so that they would 
conform with the 1983 EPA standards and 
be compatible with various EPA ground 
water protection requirements. The propos- 
ed NRC rules would require the permanent 
tailings disposal site to be designed so that 
there was reasonable assurance of control of 
radiological hazards for at least 200 years. 
The NRC rules would also incorporate the 
EPA standard restricting radon emission 
from the tailings into the atmosphere to less 
than 20 picocuries per square meter per 
second. 

As of December 31, the Colorado Depart- 
ment of Health was still considering wheth- 
er to grant Umetco a license permitting 
construction of a new tailings impoundment 
and disposal facility for the company's 
uranium-vanadium mill at Uravan. The 
proposed disposal site would be on Spring 
Creek Mesa along the eastern side of the 
San Miguel River opposite Uravan. Under 
an agreement signed with the Colorado 
Water Control Division in 1981, Umetco 
must halt its mill discharges into the exist- 
ing ponds at Uravan by July 1, 1985. Exten- 
sive hearings on the tailings pond license 
and related environmental matters were 
held during the fourth quarter of 1984 in 
the neighboring towns of Montrose and 
Nucla. Approval reportedly has been block- 
ed by concerns over (1) the thickness of the 
proposed clay lining for the new disposal 
facility, (2) protection of an apparently iso- 
lated pod of ground water beneath Spring 
Creek Mesa, and (3) the future reclamation 
of existing tailings piles at Uravan, some of 
which date back to the 1930's. The Uravan 
mill was placed on standby in November 
because of the depressed uranium market. 


DOMESTIC PRODUCTION 


Domestic production, expressed in terms 
of recovered vanadium, made a modest 
recovery from the depressed level of 1983, 
the worst year for vanadium mining and 
milling operations since 1951. However, 
recoverable production, which represents 
shipments of ore and vanadium-bearing fer- 
rophosphorus, continued to decline. Colora- 
do was the leading producing State followed 
by Idaho. In both Colorado and Utah, vana- 
dium was obtained as a coproduct from the 
mining of uraniferous sandstones on the 
Colorado Plateau. In Idaho, V;O; was pro- 
duced from vanadium-bearing ferrophos- 


phorus by Kerr-McGee Chemical Corp. at 
Soda Springs. The ferrophosphorus was a 
byproduct of nearby elemental phosphorus 
plants. Umetco resumed operations at its 
mine and mill complex in Garland County, 
AR, to compensate for the closure of many 
of its smaller uranium-vanadium mines in 
Colorado and Utah. The Hot Springs mill, 
which has an annual capacity of approxi- 
mately 7,500 tons of V2.0; equivalent, uses 
vanadiferous micaceous clays as its major 
feed material. The clays are mined from 
four open pits in the Wilson Springs car- 
bonatite-alkalic igneous complex. 
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More than one-third of the Colorado Pla- 
teau coproduct operations that survived the 
1981-82 ore market collapse closed in 1984 
because of the steadily declining price for 
U;O, Continued world overproduction of 
U;O;, the downturn in nuclear powerplant 
construction, and the discovery of high- 
grade uraninite deposits in Saskatchewan 
and South Australia all helped drag the 
price of natural uranium to an 11-year low 
in terms of constant dollars. At yearend 
1984, the spot price of uranium concentrate 
(represented by Nuclear Exchange Corp.'s 
Exchange Value) was at $15.25 per pound 
U5O,, a drop of $25.50 from the early 1980 
price of $40.75. 

At the beginning of January, the poor 
market for U;O, forced the Metals Div. of 
Union Carbide to lay off 100 employees at 
its uranium-vanadium mines near Uravan 
and Egnar, CO, and in the LaSal area of 
Utah. Approximately 20 employees were 
retained to operate the Deremo-Snyder 
Mine west of Egnar. On January 11, Union 
Carbide acquired a 70% interest in the 
White Mesa uranium-vanadium mill from 
Energy Fuels Nuclear Inc. The $40 million 
mill, south of Blanding, UT, was placed in 
operation in May 1980 and is one of the 
newer and more efficient uranium and 
vanadium processing facilities in the 
United States. The 2,000-ton-per-day facility 
had been on standby since January 1983 
and was left idle by Union Carbide because 
of continuing weak demand for uranium. 
On May 1, Umetco temporarily reopened its 
uranium-vanadium mill at Uravan in Mon- 
trose County, CO. The 1,200-ton-per-day 
mill had been on standby since November 
1983. The company quickly resumed ship- 
ments of vanadium liquor from Uravan to 
its Rifle upgrading facility in nearby Gar- 
field County. However, production oper- 
ations were halted indefinitely at both facil- 
ities in December. About 25 of the 135 
employees at Uravan were retained to 
maintain the mill in standby condition and 
continue tailings reclamation projects. Five 
of the thirty employees at Rifle were also 
retained to fill orders for vanadium oxide 
and ammonium metavanadate. The re- 
sumption of modified vanadium oxide pro- 
duction in October at Hot Springs enabled 
Umetco to meet all of its orders despite the 
Rifle shutdown. 

On February 15, Atlas announced that it 
was suspending operations at its uranium- 
vanadium mill near Moab, UT, until urani- 
um oxide sales and prices improved. It took 
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about 30 days for the company to finish 
processing its ore stockpile and draw down 
its supply of chemical milling agents. The 
company's last three operating mines in 
San Juan County—the Pandora, the Velvet, 
and the Rim Columbus—were all placed on 
standby. About 180 workers were affected 
by the closures. Atlas reportedly had 
enough U;O, and V;O; stockpiled to fill 
orders for at least 12 months. The company 
also delayed development of its new ura- 
nium-vanadium mine near Ticaboo in Gar- 
field County, and instead focused its atten- 
tion on its newly discovered Gold Bar depos- 
it in Eureka County, NV. The expected 
profits from the Gold Bar property, which 
has an estimated 250,000 ounces of econom- 
ically recoverable gold, could enable Atlas 
to keep its uranium-vanadium operations 
on standby for several years.? 

Increased demand for elemental phospho- 
rus led to a buildup of stocks of vanadium- 
rich, byproduct ferrophosphorus in Idaho 
and Montana. Stauffer Chemical Co. reacti- 
vated its Wooley Valley phosphate mine in 
Caribou County, ID, and resumed ship- 
ments of vanadium-bearing phosphatic 
shale to its elemental phosphorus plant at 
Silver Bow, MT. In September, J. R. Simplot 
Co. began operations at its new Smoky 
Canyon Mine in Caribou County near the 
Idaho-Wyoming border. The $40 million 
project consists of an open pit mine, a 
milling- pumping complex, and a 27-mile 
slurry pipeline to a filtering and drying 
plant at Conda, ID. The Smoky Canyon 
output will replace that of the nearly de- 
pleted Conda Mine and will be used entirely 
to make phosphoric acid at Simplot's fertil- 
izer complex in Pocatello. Smoky Canyon is 
important to the U.S. vanadium industry 
because it will indirectly free reserves at 
the Gay and other mines in Idaho over the 
next 30 years for ferrophosphorus produc- 
tion and downstream vanadium oxide re- 
covery operations. 

In recent years, vanadium-bearing feed 
materials of foreign origin have included 
iron slags from Chile, China, and the Re- 
public of South Africa as well as utility 
ashes, spent catalysts from refineries, and a 
variety of petroleum residues. U.S. produc- 
tion from petroliferous materials in 1984 
totaled 1,663 tons of contained vanadium, 
86% more than the 893 tons for 1983. 

Vanadium oxide concentrates were pro- 
duced as a byproduct of the burning of 
Venezuelan and other Caribbean residual 
oils at a number of power-generating sta- 
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tions in the Eastern United States. Long 
Island Lighting Co. (LILCO) recovered high- 
grade ash containing 798 tons of V;O,, 
compared with 794 tons in 1983. The New 
York utility operated two oil-fired power 
stations in Suffolk County, one at North- 
port and the other at Port Jefferson. Re- 
cently, LILCO also has been supplying 
processors with a sludge recovered from its 
wastewater treatment plants that averages 
16% V,O, when dried. 

The near-depression conditions in the 
steel industry since 1981 have had a partic- 
ularly adverse effect on U.S. producers of 
ferrovanadium and proprietary vanadium- 
iron-carbon alloys. Ashland Chemical Co. of 
Columbus, OH, acquired part of the produc- 
tion equipment of the defunct Pesses Co. 
Pesses, a specialty ferroalloys and scrap 
broker with ferrovanadium operations at 
Pulaski, PA, was declared bankrupt in late 
1983. Chemstone Corp., a subsidiary of En- 
gelhard Corp., sold its idle ferrovanadium 
plant at Strasburg, VA, to an undisclosed 
buyer at the beginning of 1984. The Stras- 
burg plant, built in 1979, had been produc- 
ing both 50% and 80% grades of ferrovana- 
dium by aluminothermic reduction. The 
new owner had no immediate plans to 
reactivate the plant because of the limited 
outlook projected for ferrovanadium in 
1985. Affiliated Metals and Minerals Inc., in 
contrast, went ahead with the commission- 
ing of its specialty ferroalloys plant at 
Newcastle, PA. The first products of Affili- 
ated Metals were ferrovanadium, ferro- 
molybdenum, molybdenum briquets, and 
ferroboron. 

The market for vanadium chemicals im- 
proved slightly during the year, as the 


945 


recovery began to spread to the more tradi- 
tional sectors of the U.S. chemical industry. 
Producers of primary vanadium chemicals 
included Foote Mineral Co., Cambridge, 
OH; Stauffer, Weston, MI; and Umetco, 
Niagara Falls, NY. Vanadium oxytri- 
chloride and vanadium tetrachloride were 
the two ranking chemicals after pentoxide. 


Table 2.—Mine production and recoverable 
vanadium of domestic origin produced in 
the United States 


(Short tons of contained vanadium) 


Mine Recover- 
Year produc- able 

tion! vanadium? 
190000 5,832 4,806 
IIS Leu 5,852 5,126 
r ˙·¹e ˙ eeu. RU 4,093 4,098 
„ ter e e E W 2,171 
„ -2-2-2-2 W 1,617 


a W Withheld to avoid disclosing company proprietary 
ata. 


! Measured by receipts of uranium and vanadium ores 
and concentrates at mills, vanadium content. 

?Recoverable vanadium contained in uranium and vana- 
dium ores and concentrates received at mills, plus vana- 
dium recovered from ferrophosphorus derived from domes- 
tic phosphate rock. 


Table 3.—U.S. production of vanadium 


oxides! 
(Short tons) 
Gross Oxide 
Year weight content? 
LORD oo xo mm2m A 10,048 9,829 
Sl 11, 366 11,367 
DOB cat oot T 8,850 8,689 
))) ead Lesson 4,590 4,344 
1984. — m cm EMS ene e 4,688 4,618 


1Produced directly from all domestic ores and ferrophos- 
phorus; includes metavanadates. 
2Expressed as equivalent V2Os. 


CONSUMPTION, USES, AND STOCKS 


Reported domestic consumption of vana- 
dium increased 45% in 1984 compared with 
that of 1983. This sharp rise in consumption 
represented a modest recovery from the 20- 
year low of 1983, rather than a sanguine 
outlook for the U.S. vanadium industry. 
The primary cause of the recovery was 
increased domestic production of vanadium- 
bearing, high-strength low-alloy (HSLA) 
steels for the construction and automotive 
industries. The steel industry as a whole 
showed an overall gain of 9% in raw steel 
output from the depressed level of 1983, but 
remained in an uphill battle against record- 
high imports of major iron and steel prod- 


ucts, a strong dollar, and low profitability. 
Approximately 80% of the vanadium was 
consumed by the domestic iron and steel 
industry as ferrovanadium, related vana- 
dium-carbon ferroalloys, or a new propri- 
etary product called Vanox. Vanox, a spe- 
cially processed form of vanadium trioxide 
marketed by Umetco, is designed primarily 
for addition to tool steel and can be added 
directly to the  argon-oxygen-decarbur- 
ization vessel. Vanadium pentoxide cannot 
be substituted for the trioxide because the 
melting point of the pentoxide (690* C) is 
lower than that of either the steel (1,550° to 
1,650* C) or the trioxide (1,970? C). The tri- 
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oxide is easier to reduce than the pentoxide 
and is more homogeneously distributed 
throughout the melt. | 

The dependence of the vanadium indus- 
try on the struggling iron and steel industry 
continued to create marketing problems for 
‘the five remaining domestic producers of 
ferrovanadium. Increased consumption of 
ferrovanadium occurred in all five of the 
specified steel categories. However, Europe- 
an and Canadian converters were able to 
increase their share of the U.S. ferrovana- 
dium market because of the strong dollar. 
Total shipments of sheet steel and strip to 
the automotive industry and other consum- 
er goods sectors were up 5.8% with the 
alloy grades showing an even greater per- 
cent increase. Shipments of steel plate, 
structural shapes, rails, and tool steel all 
improved significantly. Even shipments 
of oil country tubular goods and line 
pipe, which plummeted dramatically in 
1983, showed a modest comeback. Contin- 
ued drilling activity in the Gulf of Mexico 
and offshore California helped shrink in- 
ventories of high-strength and full alloy 
pipe. Construction of two crude oil pipelines 
between southern California and Texas 
sparked competition between European and 
U.S. producers of large-diameter line pipe. 

The restructuring of the U.S. steel indus- 
try continued in 1984. The loss of over $6 
billion between 1982 and 1983 triggered a 
string of steel company mergers, moderni- 
zation programs, and permanent closures of 
obsolete plants. The largest merger, be- 
tween Republic Steel Corp. and the Jones & 
Laughlin Div. of LTV Corp., was finalized in 
June. This radical restructuring, coupled 
with recent investments in continuous 
casters, continuous annealing lines, and 
other new equipment, should lead to a 
smaller, but more productive industry. The 
technological changes accompanying the 
modernization programs were expected to 
accelerate the marked trend away from 
traditional carbon steels to high-perform- 
ance and secondary refined specialty steels. 
All of these post-recession changes should 
have a positive effect on the long-term 
outlook for vanadium. 

Demand for vanadium in titanium alloys 
was almost double that of 1983 because of 
the B-1B bomber program and increased 
production of other military aerospace prod- 
ucts. However, shipments of titanium mill 
products to commercial aircraft manufac- 
turing plants remained weak. According to 
the Aerospace Industries Association, the 
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Boeing Co., Lockheed Corp., and McDonnell 
Douglas Corp. together shipped a total of 
only 182 civil jet transport aircraft in 1984, 
compared with 257 in 1983 and 236 in 1982. 
Ti-6Al-4V alloy, which has been used in jet 
engines, airframes, and other aircraft parts 
for more than two decades, accounted for 
more than one-half of the titanium-based 
alloy market in 1984. Relatively small 
amounts of Ti-8Al-1V-1Mo and Ti-3A1-2.5V 
were being used for some jet engine compo- 
nents, while two newer alloys, Ti-15V-3Cr- 
3Al-38n and Ti-10V-2Fe-3Al, were being 
extensively evaluated for the next genera- 
tion of commercial airliners. Forgings of 
Ti-10V-2Fe-3Al have already been used in 
some components of the new Boeing 757 and 
191-300 jetliners. The forgeability charac- 
teristics of Ti-10V-2Fe-3Al are reportedly 
superior to those of any other known tita- 
nium alloy. The Titanium Development As- 
sociation was formed at the beginning of 
1984 to increase usage of titanium and 
promote new applications for both the met- 
al and its alloys. The association agreed to 
focus part of its initial efforts on developing 
new markets for titanium alloys in the oil, 
gas, and petrochemical industries. Ti-3Al- 
8V-6Cr-4Mo-4Zr, for example, has excellent 
corrosion resistance to saltwater saturated 
with hydrogen sulfide and may be superior 
to the nickel-based alloys that are currently 
used when a sour gas environment is en- 
countered in oilfield operations. 

In August, Martin Marietta Corp. and 
Nippon Kokan K.K., a Japanese steel pro- 
ducer, established a joint venture to pro- 
duce advanced titanium and aluminum fab- 
ricated products. The joint venture, known 
as the International Light Metals Corp., 
acquired control of Martin Marietta’s extru- 
sion and forging plant at Torrance, CA. The 
Torrance plant employed 1,570 workers and 
was producing titanium alloy extrusions 
and bars for the aerospace industry. The 
plant had been using significant amounts 
of vanadium-aluminum master alloys to 
strengthen its titanium products. Interna- 
tional Light Metals was examining ways of 
expanding the plant’s titanium forgings 
capabilities. 

Consumption of ammonium metavana- 
date, granular pentoxide, and other vana- 
dium chemicals for catalysts recovered 
slightly from the depressed levels of 1983, 
but was still far below the average of the 
last decade. Sulfuric acid production, a ma- 
jor end use for vanadium oxidation cata- 
lysts, was up only 8.5% over that of 1983. 
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More than 80% of the sulfuric acid current- 
ly being produced in the United States is 
synthesized by the contact process, which 
uses an 8% V.: Os catalyst on a silica support 
to convert the sulfur dioxide to sulfur triox- 
ide. Vanadium catalysts are also used in the 
commercial synthesis of maleic anhydride, 
adipic acid, and phthalic anhydride. These 
three key organic intermediates had pro- 
duction gains for 1984 that ranged from 4% 
to 21%. Monsanto Industrial Chemicals Co. 
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was in the process of expanding the capaci- 
ty of its maleic anhydride unit at Pensacola, 
FL, from 130 to 170 million pounds. The 
Pensacola unit uses butane rather than the 
traditional benzene as feedstock. 

In addition to the consumers’ stocks, pro- 
ducers’ stocks of vanadium as fused oxide, 
precipitated oxide, vanadates, metal, alloys, 
and chemicals totaled 3,321 tons of contain- 
ed vanadium at yearend 1984, compared 
with 4,463 tons at yearend 1983. 


Table 4.—Producers of vanadium alloys or metal in the United States in 1984 


Producer Plant location Products? 
Affiliated Metals and Minerals Inne New Castle, PA FeV. 
Cabot Corp., Engineered Products Group Henderson, KX VAl and ZrVAl. 
Do. e om y 8 Wenatchee, VA Do 


Foote Mineral Co., Ferroalloys Div. ____________ Cambridge, i FeV and Ferovan.? 


Metallurg Inc., Shieldalloy Cord Newfield, NJ- -------- FeV. 
Reading Alloys Ie Robesonia, PA |... FeV and VAI. 
Teledyne Inc., Teledyne Wah Chang, Albany Div _ _ _ _ Albany, OR- --------- V 


Carvan? and Nitrovan.? 
FeV and VAI. 


Union Carbide Corp., Umetco Minerals Corp Marietta, OH? 


Niagara Falls, xx 


1FeV, ferrovanadium; V, vanadium metal; VAI, vanadium aluminum; ZrVAl, zirconium vanadium aluminum. 
Registered trademarks for proprietary products. 
3Elkem Metals Co. has been toll converting vanadium oxide at Marietta for Union Carbide since 1981. 


Table 5.—U.S. consumption and consumer stocks of vanadium materials, by type 
(Short tons of contained vanadium) 


1983 1984 
Type Consump- Ending Consump- Ending 
tion stocks tion stocks 
Ferrovanadium! __________________________________e 2,741 313 3,826 334 
Oxide ſ ſ/ſꝙ ³Ü Ww 24 10 26 W 
Ammonium metavana date 3 1 W W 
)); ĩ⁰·¹.. e utu ͥ⁰¼mg; kms 8 509 50 909 115 
J/ö§ö˙ꝙrp ³ ꝛ 10] ⅛ð] dd ðjrf ⅛ðZ vd x é 3,277 374 4,761 449 


W Withheld to avoid disclosing company proprietary data; included with Other.“ 

Includes other vanadium-iron-carbon alloys as well as vanadium oxides added directly to steel. 

Consin F of vanadium-aluminum alloy, plus relatively small quantities of other vanadium alloys and 
vanadium metal. 
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Table 6.—U.S. consumption of vanadium in 1984, by end use 
(Short tons of contained vanadium) 


End use 


Stainless and heat-resisting 
Full alloy 
High-strength, low-alloy 
Tool 

Unspecified 


Total 

Cast irons 
Superalloys 
Alloys (excluding steels and superalloys): 
Cutting and wear-resistant materials 
Welding and alloy hard-facing rods and materials 
Nonferrous alloys 
Other alloys! 
Chemicals and ceramics: 


Quantity 


W Withheld to avoid disclosing company proprietary data; included with Miscellaneous and unspecified.” 


Includes magnetic alloys. 
?Includes pigments. 


PRICES 


The Metals Week price quotation for 
domestic 98% fused vanadium pentoxide 
(metallurgical-grade) at the beginning of 
1984 was $3.35 to $3.65 per pound V.Os, 
f.o.b. mill. This price spread was established 
on May 15, 1981, and remained in effect 
throughout all of 1984. The modest recovery 
in U.S. demand for ferrovanadium from the 
depressed levels of 1983 gave little encour- 
agement to domestic pentoxide producers. 
Considerable discounting of metallurgical- 
grade material continued throughout 1984 
because of the strong dollar and down- 
stream pressure from record-high imports 
of ferrovanadium. 

Prices for metallurgical-grade pentoxide 
in Japan and Western Europe firmed dur- 
ing the first half of 1984 owing to increased 
production of ferrovanadium by major con- 
verters and reduced exports of pentoxide 
from China. On July 1, Highveld Steel and 
Vanadium Corp. Ltd. raised its list price 
from $2.30 to $2.41 per pound V20, c.i.f. for 
98% minimum fused pentoxide from the 
Republic of South Africa. The European 
spot price for metallurgical-grade material 
gradually increased from $2.05 to $2.15 per 
pound in early January to a high in May of 
$2.45 to $2.50, a price level that approxi- 
mated the cost of production for several 
companies. When sales of Chinese pentox- 
ide were resumed in the fall, the spot price 
dropped to a low of $2.00 to $2.10 and 
eventually closed at $2.25 to $2.30. 


The Metals Week price spread for techni- 
cal air-dried vanadium pentoxide (chemical- 
grade) of $4.10 to $4.94 per pound V.O; was 
set on April 1, 1982, and remained unchang- 
ed throughout 1984. 

Increased production of HSLA and tool 
steels in the United States and Canada 
during the last quarter of 1983 triggered a 
series of price adjustments between Janu- 
ary 6 and May 17, 1984, for ferrovanadium 
and other vanadium-iron-carbon additives. 
The end results of the price adjustments are 
presented in the following: 


Price per pound of 
contained vanadium 
Company and product —————— 
Jan. 1, Dec. 31, 
1984 1984 
Foote Mineral Co.: 
Ferov ann $5.50 $6.25 
10% to 80% FeV |. | |... 6.00 6.50 
Shieldalloy Corp.: 
Standard 60% to 70% FeV _ 5.50 6.25 
Umetco Minerals Corp.: 
arvan --------—---—- 5.50 6.00 
UCAR 80% Feb“ 6.00 6.50 


On May 23, Umetco took action to protect 
its market share against the surge of im- 
ported ferrovanadium with the introduction 
of Vanox. The new proprietary oxide prod- 
uct was priced initially at $5.05 per pound of 
contained vanadium, f.o.b. Niagara Falls, 
NY, and was expected to compete in the tool 
steel additive market against more expen- 
sive, imported ferrovanadium. 
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FOREIGN TRADE 


The U.S. trade pattern for vanadium 
products has changed dramatically since 
1981. The United States is no longer a net 
exporter of ferrovanadium and has begun to 
purchase substantial amounts of the 80% 
grade from the European Community and 
Austria. At the same time, U.S. exports of 
V3O, have increased more than threefold 
while imports of the oxide have plummeted. 
This shift in the pentoxide trade pattern 
has been magnified because imports of va- 
nadium trioxide from the Republic of South 
Africa have replaced some of the more 
conventional pentoxide imports. It is also 
important to note that significant amounts 
of exported pentoxide were apparently in 
the form of oxidation catalysts. 

The strong dollar and stiff competition 
from European converters hurt U.S. export 
sales of vanadium-iron-carbon alloys in 
1984. Exports of ferrovanadium totaled only 
469 tons gross weight, compared with 775 
tons for 1983. The average declared value of 
the ferrovanadium was $5.55 per pound of 
alloy, a 40% increase over the $3.96 value 
for 1983. The modest increase in domestic 
ferrovanadium production from the highly 
depressed levels of 1982 and 1983 gave little 
encouragement to beleaguered U.S. pentox- 
ide producers. This frustrating situation 
kept the pressure on U.S. producers to 
compete aggressively against South African 
material in Western Europe, Canada, and 
Japan. Exports of vanadium pentoxide 
(anhydride) and catalysts containing pent- 
oxide totaled 3,712 tons gross weight, a 
40% increase over the 2,648 tons for 1983. 

U.S. imports of ferrovanadium reached 
an historical high of 1,171 tons of contained 
vanadium in 1984. The record-high tonnage 
averaged 80.8% vanadium and was almost 
double the 681 tons imported in 1983. This 
surge in imports is part of a long-term trend 
in which European converters have been 
gradually capturing a larger share of 
the U.S. ferrovanadium market. Imports 


accounted for almost 31% of reported U.S. 
consumption of vanadium-iron-carbon al- 
loys, compared with less than 4% in 1973. 
Canada continued to be the principal source 
of imported ferrovanadium, but during the 
year lost more than one-half of its share of 
the U.S. ferrovanadium market to the Euro- 
pean Community and Austria. 

More than 93% of the V.: Os imported in 
1984 came from Rautaruukki Oy's oper- 
ations in Finland. For the first time in 11 
years, there were no imports of pentoxide 
from the Republic of South Africa. Howev- 
er, according to the Bureau of the Census, 
709 tons gross weight of South African 
trioxide entered the United States through 
the Port of Baltimore in the first half of 
1984. 

Imports of vanadium contained in ores, 
slags, and residues totaled 633 tons, com- 
pared with only 58 tons in 1983. About 80% 
of this vanadium came from Highveld’s 
Witbank steelworks in the Transvaal and 
was in the form of a 14%-vanadium iron 
slag. The remaining 20% was contained in 
assorted petroleum refinery residues and 
utility ashes from, in order of decreasing 
tonnage, the Netherlands Antilles, Vene- 
zuela, Italy, and Jamaica. 

Potassium vanadate imports amounted to 
115 tons gross weight, of which 75 tons came 
from the Republic of South Africa and 39 
tons came from the Federal Republic of 
Germany. In addition, 6 tons of ammonium 
vanadate was received from the United 
Kingdom. Slightly more than 1 ton of vana- 
dium carbide was imported from Western 
Europe. Imports classified as “Other vana- 
dium compounds” totaled 831 tons gross 
weight, compared with only 54 tons in 1983. 
As mentioned earlier, 85% of this material 
was vanadium trioxide from the Republic of 
South Africa. Approximately 118 of the 
remaining 122 tons was unspecified chemi- 
cals from the United Kingdom. 


Table 7.—U.S. exports of vanadium in 1984, by country 
(Thousand pounds and thousand dollars) 


Ferrovanadium 


Vanadium ore 
and concentrate 


Vanadium compounds 
(gross weight) 


Country (gross weight) (vanadium content) Pentoxide 
(anhydride)? Other? 

Quantity Value Quantity Value Quantity Value Quantity Value 
Argentina. Se e "- m 224 575 YS S 
Australiagng E aes fe con 84 125 (3) 3 
Aistis uL Ses " = 5 104 240 AER "P 
Belgium- Luxembourg 9S 24 109 2,045 3,964 1 4 
BOI iI... = m c M 10 15 m x 


See footnotes at end of table. 
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Table 7.—U.S. exports of vanadium in 1984, by country —Continued 
(Thousand pounds and thousand dollars) 


Vanadium compounds 
Vanadium ore 


Ferrovanadium 5 (gross weight) 
Country (gross weight) (vanadium content) Pentoxide Other? 
(anhydride)! 


Quantity Value Quantity Value Quantity Value Quantity Value 


Brazil uen eet zu E T xm 593 855 (3) 2 
Canadgvaa 8 383 2,121 TN S 405 859 175 409 
e ur oer nte LAM PARS "E EM 2 92 159 107 169 
Colombia ia "M mud "e 8 15 e TM 
Denmark ee tes oc aoe iz 81 92 GN me 
Germany, Federal Republic of _ _ Sos, x ES e 2 13 1 19 
Honduras Seas oe m "3 6 23 ot nee 
Indonesia = mn — = 422 493 (3) 4 
Israel es E PEN m E (3) 1 
laly ˙¹¹»ꝛꝛAͤ nee sos cept 2e za 168 161 Lt ave 
Japan 2-4 A ee a NM zm NN M 539 1,075 (3) 3 
Korea, Republic oz 21 80 2 ut 475 964 ie PS 
Kuwait. z m ia KT 2 12 pare Me 
Malaysia 3 12 n E 16 35 "s xd 
Mexico________________ 75 384 ett el 658 2,327 3 15 
Netherlands a Ao ui "n 538 1,051 13 38 
New Zealand ___________~_ ae e Ww" ST 16 35 "m n 
Panama = n» A um at —— (3) 2 
Pl m⅛ꝛ d ides EN e La 9 16 E 2r 
Philippines 4 17 — — as 22 53 (3) 1 
PJ ee ch -— 8 SIM wee ae 18 24 
South Africa, Republic of- ea E T oss 594 776 1 9 
Sein s ow er P x dus 1 3 
Sweden _______________ 343 2.028 MM mE ae "^ (3) 1 
Switzerland - es P 5S 29 64 EN "e 
ö» tet re a ee T = -— —— zm 146 200 ius a 
Thailand. |... D E NE as 2 6 s T 
United Kingdom 29 169 m aes 118 290 es -— 
Venezuela . . 80 393 E NE 16 21 290 990 
Yemen (Sanaa) . poa "n a "- "m (3) 2 
Totalt rc cunc eiat 938 5,205 24 109 7,423 14,514 611 1,699 


1May include catalysts containing vanadium pentoxide. 
?Excludes vanadates. 
3Less than 1/2 unit. 


*Data may not add to totals shown because of independent rounding. 


Table 8.—U.S. imports of ferrovanadium, by country 
(Thousand pounds and thousand dollars) 


1983 1984 
Country Gross Vanadium Gross Vanadium 
weight content Value weight content Value 
General imports: 
Aubaea cute salud tos tet LL a 282 230 947 445 363 2,022 
Belgium- Luxembourg 223 178 823 412 331 1.598 
R ³ð é r2 r2 113 1 1 16 
Cahad -e :.:. derer 1.042 838 3,970 1.138 923 4,745 
Fiance hos eoe yy Eid Oe he a ee = zs 99 80 416 
Germany, Federal Republic of |... 116 91 424 558 444 2,077 
Japans en ß OT z ee "a 114 91 493 
United Kingdom __________________ 26 21 T1 156 126 565 
Total" e oie ee ]⁰˙mꝛ¾ꝛ᷑-ꝛRĩ᷑d eR EON SEE 71,691 71,361 16,254 2,921 2,359 11.934 
Imports for consumption: 
Il Ene ĩ 282 230 947 445 363 2,022 
Belgium-Luxembourg -------------—- 223 178 823 390 313 1,504 
)))Eöͥõ ree RS ute d eL T2 T2 113 1 1 16 
Canada e nune eem i Aur 1,042 838 3,970 1,138 923 4,145 
France —— 26 oc ae A LU E De x S 99 80 416 
Germany, Federal Republic of |. _ 116 91 424 558 444 2,077 
/ ³ĩðVdſĩ ĩðͤ K e t cede: ` E Mem 114 91 493 
United Kingdom 26 21 77 156 126 565 
Totale ecc a att d 11,691 71,361 "6,254 2,899 2,341 11,839 
"Revised. 


Data may not add to totals shown because of independent rounding. 
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Table 9.—U.S. imports of vanadium pentoxide (anhydride), by country 


1983 1984 
Country Gross Vanadium Gross Vanadium 
weight content Value weight content Value 
(pounds) (pounds) (pounds) (pounds) 
General imports: 
Belgium-Luxembourg! |... _ __ oe "E EM 33,660 18,855 $40,598 
Finlànd.. oen es 1,232,651 690,489 $2,070,043 494,953 211,256 1,218,749 
Germany, Federal Republic of |... 400 224 1,833 2,000 1,120 8,643 
South Africa, Republic of |... 224,868 125,963 523,956 . EN E 
United Kingdom 3 2 1,583 14 8 1,134 
Total ettet 1,457,922 816,678 . 2,597,415 530,627 297,239 1,269,124 
Imports for consumption: 
Belgium-Luxembourg! _______ ___ Lc e -— 33,660 18,855 40,598 
Finland 4n eene 1,232,651 690,489 2,070,043 494,953 277,256 4 1,218,749 
Germany, Federal Republic of 400 224 1,833 2,000 1,120 8,643 
South Africa, Republic okt 112,434 62,982 289,147 E ME A 
United Kingdom... 3 2 1,583 14 8 1,134 
e tota toe rt 1,345,488 153,697 . 2,362,606 530,627 297,239 1,269,124 
1Queried by the Bureau of Mines. 
WORLD REVIEW 


Ferrovanadium consumption in the West- 
ern World partialy recovered from the 
depressed level of 1983, but was still signifi- 
cantly below the record high of 1981. This 
recovery was primarily the result of in- 
creased raw steel production in the United 
States, Japan, and the European Communi- 
ty. Mine production cutbacks in the Repub- 
lic of South Africa and the United States 
during the 1982-83 recession led to a draw- 
down of the excess pentoxide stocks that 
plagued the world market in 1982. These 
cutbacks, increased production of ferrova- 
nadium, and a temporary halt in exports of 
pentoxide and slag from China during the 
first quarter all contributed to a firming of 
the spot price of pentoxide. South African 
pentoxide producers began restarting idled 
units to meet increased orders and were 
operating at more than 80% of capacity by 
midyear. However, continuing depressed 
prices for U;O, forced the last two U.S. 
uranium-vanadium mills to halt produc- 
tion. 

In the Republic of South Africa, Highveld 
completed construction of its second vana- 
dium-bearing pig iron plant, but deferred 
commissioning because of continuing weak 
demand for steel in international markets. 
Vanadiferous slag production facilities were 
also under construction at the Glenbrook 
steel plant on the North Island of New 
Zealand. At the same time, Rautaruukki 
was making preparations to permanently 
close its two vanadiferous magnetite mines 
in Finland because of continuing financial 


losses. In Canada, large-scale equipment 
was under development for extracting vana- 
dium from fly ash generated by commercial 
oil sands plants. 

A supply and demand study of vanadium, 
columbium, and molybdenum was publish- 
ed in Brussels by the International Iron and 
Steel Institute (IISD.* The study analyzed 
the supply vulnerability of each of the three 
alloying elements and examined the impact 
of improved technology and controls in the 
steel industry on their consumption. Since 
1974, consumption of specialty steels has 
been increasing relative to total steel con- 
sumption in most of the established steel- 
producing countries. Ás a result, consump- 
tion of the three alloying elements has 
increased despite the general decline in 
steel production in those countries. The IISI 
authors also delved into the complex subject 
of substituting the three elements for one 
another in different types of steel. Some 
substitution between columbium and vana- 
dium is possible in microalloyed steels. 
However, molybdenum is more often used 
in the higher alloy steels and generally 
cannot be replaced by vanadium or colum- 
bium in these instances. 

Brazil.— Production of ferrovanadium to- 
taled 515 tons gross weight in 1984, a more 
than threefold increase over the 112 tons 
reported for 1983. Installed capacity in 
December 1983 totaled 2,379 tons per year 
and was divided between four producers: 
Cía. Paulista de Ferro-ligas, Eletrometalur 
S. A. Industria e Comércio, Prometal- 
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Produtos Metalürgicos S.A., and Termoligas 
Metalürgicas S.A.5 

Canada.—Vadnore Enterprises Ltd. of 
Fort Saskatchewan, Alberta, received a 
CAN$200,000* grant in May from the Fed- 
eral Department of Regional Industrial Ex- 
pansion. The money was being used to 
design and construct large-scale equipment 
for extracting vanadium from bitumen fly 
ash. Vadnore recently completed labora- 
tory-scale development work on a new proc- 
ess to recover vanadium from fly ash gen- 
erated by commercial oil sands plants in 
northeastern Alberta. The company was 
planning to build an ash agglomerating 
facility at Fort McMurray and a salt roast- 
ing kiln at Lac La Biche. Fly ash for the 
CAN$16 million project would come from 
the oil sands plant operated by Syncrude 
Canada Ltd. at Mildred Lake. Syncrude 
Canada has been generating about 60,000 
tons of fly ash per year averaging 1.296 
V.O;. The Syncrude operation also produces 
4 tons per day of a spent molybdenum-based 
hydrocracking catalyst that contains 22% 
V.O;. The spent catalyst would be blended 
with the fly ash during the agglomeration 
step. The proposed extraction plant would 
produce about 900 tons of V,O, and 100 tons 
of molybdenum trioxide (MoO,) per year.’ 

China.—The Government of China ap- 
parently has revived its multichannel ex- 
port system for V20, in an effort to boost 
sales. In April, China National Chemicals 
Import and Export Corp. was reportedly 
made the sole agent for vanadium and given 
an export goal of 1,100 tons of pentoxide for 
1984. In the fall, however, foreign buyers 
were still able to negotiate purchases with 
either China National Metals & Minerals 
Import and Export Corp. (Minmetals) or 
China Metallurgical Import and Export 
Corp. (CMIEC). Minmetals, a trading unit of 
the Ministry of Economic Relations and 
Foreign Trade, was selling both pentoxide 
and ferrovanadium, while CMIEC, a unit of 
the Ministry of Metallurgical Industry, con- 
centrated mainly on vanadiferous slag and 
ferrovanadium. The situation was further 
complicated by the establishment of a 
fourth entity, China National Nonferrous 
Metals Import and Export Corp., in Janu- 
ary. In 1983, China exported more than 
2,200 tons of pentoxide to market economy 
countries. 

Finland.—Rautaruukki continued prepa- 
rations to close both of its vanadifer- 
ous magnetite mines. Shutdown of the 
Otanmäki underground mine near Vuolijo- 
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ki was scheduled to begin in June 1985, 
while the surface mine at Mustavaara was 
to remain open until the following autumn. 
Mining personnel were in the process of 
being retrained and were to be transfer- 
red to railcar manufacturing facilities 
being built near the two minesites. The 
Rautaruukki-Outokumpu Oy exploration 
joint venture began concentrating its efforts 
on a belt of platinum mineralization be- 
tween Kemi and Ranua, but continued to 
search elsewhere for columbium, rare 
earths, and tungsten. The two mines pro- 
duced a total of 6,029 tons of V,O; in 1984, 
only 4% below the record high of 1983. At 
Otanmáki, the company recovered 3,163 
tons of V;,O,, 184,000 tons of ilmenite con- 
centrate, and 357,000 tons of magnetite 
concentrate from 1,371,000 tons of ore. Pro- 
duction at Mustavaara, which produces 
only pentoxide, declined from 3,024 tons in 
1983 to 2,865 tons in 1984.9 

India.—Visvesvaraya Iron & Steel Ltd. 
was in the first stage of constructing a 110- 
ton-per-year ferrovanadium plant at its 
Bhadravati iron and steel works in the 
Shimoga District of Karnataka. Visves- 
varaya, in collaboration with the National 
Metallurgical Laboratory, has been working 
since 1975 on a process to produce vana- 
dium-rich slag from local titaniferous mag- 
netite ores. Limited amounts of ore contain- 
ing 1.04% V;O, and 53.1% Fe have been 
shipped to Bhadravati from the Masani- 
kere deposit, about 40 kilometers away. The 
company has succeeded in producing a 
vanadium-rich slag containing 20% to 25% 
V;,O;, on a commercial scale with a 16-ton 
basic oxygen furnace. Visvesvaraya is a 
public sector company owned 60% by the 
Karnataka State government and 40% by 
the Government of India. Catalyst India 
Pvt. Ltd. recovered pentoxide from red 
muds at Thane in Maharashtra. The pent- 
oxide was used to make a catalyst contain- 
ing 6.5% V,O,. The red muds, which con- 
tain 0.3% to 0.4% VzOs, are a waste product 
of the alumina industry. At least seven 
companies had pilot projects underway for 
extracting vanadium from muds and 
sludges generated by Bharat Aluminium 
Co. Ltd., Hindustan Aluminium Co. Ltd., or 
Indian Aluminium Co. Ltd." 

Japan.—On March 5, the Japan Rare 
Metals Association purchased 145 tons of 
vanadium contained in ferrovanadium as 
part of the 10-day national stockpile pro- 
gram approved for fiscal year 1988. One- 
half of the ferrovanadium was being stored 
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in the national stockpile, and one-half in 
joint Government-private industry stock- 
piles. The contract was divided between 
Nippon Denko Co. Ltd., Taiyo Mining and 
Industrial Co. Ltd., Awamura Metal Indus- 
try Co. Ltd., and Japan Metals and Chemi- 
cals Co. Ltd. 

Market conditions improved in 1984 for 
the four Japanese producers of ferrovana- 
dium. Ferrovanadium consumption by the 
Steel industry was 4,814 tons compared with 
only 4,421 tons in 1983. Japan produced 
4,115 tons of the ferroalloy in 1984, a 3296 
increase over the 3,110 tons of 1983.12 Be- 
cause the country has no vanadium mines 
and only a limited processing capability for 
vanadium-bearing ash and spent catalysts, 
the gain in ferrovanadium output was at- 
tained by increasing imports of V;O,. Pent- 
oxide imports rose 56% from 3,260 tons 
gross weight in 1983 to 5,072 tons in 1984. 
The Republic of South Africa was the prin- 
cipal supplier of pentoxide to Japan and 
accounted for 84% of the total gross weight. 
In contrast, ferrovanadium imports declin- 
ed from 817 to 624 tons gross weight. All of 
the imported ferrovanadium came from ei- 
ther Austria or the European Community. 
Japan exported 134 tons of ferrovanadium, 
with 77 tons going to North Korea and 56 
tons to the United States.!? 

Netherlands Antilles.—Venezuela and 
the nearby Netherlands Antilles have been 
a significant source of vanadium-bearing 
petroleum residues for the United States 
since World War II. In October 1984, Exxon 
Corp. announced that its affiliate, Lago Oil 
& Transport Co. Ltd., would close its oil 
refinery and transshipment storage facili- 
ties on the island of Aruba by March 31, 
1985. The 420,000-barrel-per-day refinery 
had been receiving the bulk of its vanadif- 
erous heavy crude from Lagoven S. A., a 
subsidiary of the Venezuelan Government 
and Petróleos de Venezuela S.A. The refin- 
ery had been operating at two-thirds capaci- 
ty because of weak international oil prices 
and showed a $50 million loss for 1984. Shell 
Petroleum NV also threatened to close its 
more modern 320,000-barrel-per-day refin- 
ery on Curacao unless the Netherlands and 
Venezuelan Governments made several eco- 
nomic concessions. Closure of both refin- 
eries would have a disasterous effect on the 
Antillean economy." "P 

Somalia.—Construtora Andrade  Gu- 
tierrez S.A. of Brazil announced plans to 
build a $300 million uranium mine and mill 
complex in the Galgudud region of Soma- 
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lia.!5 Somalia has a reserve base of at least 
1,100 tons of uranium recoverable at a cost 
of $35 to $60 per pound of uranium and an 
additional 7,300 tons of demonstrated sub- 
economic resources. Much of the uranium 
mineralization in central Somalia is in the 
form of carnotite (K.(UO.)2V,0.°3H.0) de- 
posited in the Merca claystones, limestones, 
and marls of Miocene Age. The Wabo car- 
notite deposits in Mudugh Province contain 
at least 5,000 tons of UO equivalent with 
an average grade of 0.08% U;Qs. No infor- 
mation was available on the vanadium con- 
tent of the Galgudud ores. 

The Galgudud deposit is controlled by the 
Somali Arab Mining Co. (SORAMICO), a 
joint venture between the Somalian Gov- 
ernment and the Pan-Arab Mining Co. SO- 
RAMICO also has significant uranium hold- 
ings in a 85,000-square-kilometer area be- 
tween Kolkodo and Modok. The Galgudud 
mill will have an annual capacity of 550 
tons of contained uranium and will utilize 
an extraction process developed by Empre- 
sas Nucleares Brasileiras S.A. (NUCLE- 
BRÁS), the state-owned company controll- 
ing the nuclear energy program in Brazil. 
Gutierrez built and was still operating the 
Osamu Utsumi Mine and processing plant 
for NUCLEBRAS at Pocos de Caldas in the 
Brazilian State of Minas Gerais. 

South Africa, Republic of.—Highveld 
produced 50,608 tons gross weight of slag 
containing about 25% V;O, in calendar year 
1984.16 The vanadium slag was a byproduct 
of iron smelting operations at the compa- 
ny’s Witbank integrated steelworks in the 
Transvaal. Highveld hesitated to bring its 
new No. 2 iron plant on line until the world 
market for steel improved. In February, the 
company resumed limited production of 
V.0; at its Vantra Div. The Vantra facil- 
ity, which has four rotary kilns and four 
multiple-hearth roasters, had been idle 
since May 1983. Only one of the four kilns 
was restarted. However, by June, all four of 
the roasters were in full operation because 
of increased orders. Production by the Van- 
tra Div. was about 1,500 tons of pentoxide in 
1984. The vanadium-bearing, titaniferous 
magnetite feed for both facilities came from 
the Mapochs Mine in the Bushveld Complex 
north of Roossenekal. More than 1.85 mil- 
lion tons of magnetite ore was mined at 
Mapochs, compared with 1.63 million tons 
in 1983. 

U.S.S.R.—The Soviet Government was re- 
portedly developing a commercial process 
for recovering vanadium, uranium, molyb- 
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denum, and related metals from oil shale 
ash.“ In 1983, approximately 97% of Soviet 
oil shale production came from the Baltic 
Basin, located within the Estonian S.S.R. 
and the adjacent Leningrad District of the 
Russian Federated S.S.R.'* The alkaline, 
metalliferous ash is generated when pulver- 
ized oil shale of Ordovician Age is used 
directly as a boiler fuel at two local 1,600- 
megawatt powerplants. More than 3 million 
tons of oil shale ash are used annually in 
Estonian agriculture to neutralize soil acidi- 
ty. A significant amount of ash is also con- 
sumed in the production of portland ce- 
ment, concrete, and silica bricks. 
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United Kingdom.—In early November, 
the British Government released a Parlia- 
mentary report announcing that it would 
liquidate its stockpile of strategic metals. 
The stocks, valued at an estimated $50 
million, will be disposed of gradually over 
the next few years to avoid any disruption 
of the market. The stockpile was begun in 
1982 when the United Kingdom decided to 
maintain stocks of materials critical to steel 
and other key industries. Few details of the 
stockpile quantities have ever been dis- 
closed, but it reportedly includes 3-month 
supplies of V20, and ferrovanadium.!* 


Table 10.—Vanadium: World production from ores and concentrates, by country! 
(Short tons of contained vanadium) 


Country 1980 1981 1982 1983P 1984* 
Production from ores, concentrates, slags:? 
Australia (in vanadium pentoxide product) zz = 77 26 - TN 
Chile 5c. e n ̃⁵ ſñ ¹˙«f,.,-., ð 300 140 Lo M "n 
China (in vanadiferous slag product) 5,000 5,000 5,000 5,000 5,000 
Finland (in vanadium pentoxide product) ______________~_ 3,135 3,431 3,470 3,516 53,377 
%%)öõ˙ĩÜ5—B a ela y y cote ne tcl 540 380 120 Scat HN 
South Africa, Republic of:* $ 
Content of pentoxide and vanadate products? . 7,168 4,648 3,981 4,117 6,628 
Content of vanadiferous slag product® 7______________ 9,260 9,260 8,930 5,620 7,170 
B/) eS ee ee 16,428 13,908 12,911 9,787  *13,798 
SOR aa a gah gc vy 10,500 10,500 10,500 10,500 10,500 
United States (recoverable vanadium) |... Llc. 4,806 5,126 4098 2,171 51,617 
Total ee ae i Sets Ee tie eye es 740,709 38, 562 36,125 30,924 34,292 
Production from petroleum residues, ashes, spent catalysts:? ö 
Japan (in vanadium pentoxide product) Dh 710 687 154 778 770 
United States (in vanadium pentoxide and ferrovanadium prod- 

(ci MOMENT CORTE CAO See ge We Te ON Py ee eR er RAVE es 1,520 1,900 1,513 893 61,663 
TOA TD 2,230 2,587 2,267 1,671 2,438 
CC; ee eee ee 142,939 741,149 38,392 32,595 36, 725 

eEstimated. Preliminary. Revised. ' 


1In addition to countries listed, vanadium is also recovered from petroleum residues in the Federal Republic of 
Germany, the U.S.S.R., and several other European countries, but available information is insufficient to make reliable 
estimates. Table includes data available through June 25, 1985. 


?Production in this section is credited to the country that was the origin of the vanadiferous raw material. 


3Reported output for export. 

*Based on U.S. imports of vanadium-bearing slag. 
5Reported figure. 

Includes production for Bophuthatswana. 


"Data on vanadium content of vanadium slag are estimated on the basis of a reported tonnage of vanadium-bearing 
slag (gross weight) multiplied by an assumed grade of 14.1% vanadium. 

5Production in this section is credited to the country where the vanadiferous product is extracted; available 
information is inadequate to permit crediting this output back to the country of origin of the vanadiferous raw material. 
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Argonne National Laboratory, Westing- 
house Electric Corp., and the German Nu- 
clear Research Center at Karlsruhe (Kern- 
forschungszentrum Karlsruhe) have been 
evaluating vanadium-base alloys as a struc- 


tural material in fusion power reactors for 
more than a decade. Vanadium-base alloys 
have several advantages over the more 
conventional austenitic and ferritic steels 
proposed for the “first wall" and blanket 


VANADIUM 


system of the reactor. The blanket system is 
the largest, and probably the most complex, 
fusion reactor component and must operate 
in a corrosive and intense radiation envi- 
ronment at temperatures exceeding 600* C. 
In general, vanadium alloys have a relative- 
ly high thermal conductivity, a high radia- 
tion damage resistance, and a low coeffi- 
cient of thermal expansion. V-15Cr-5Ti was 
recently chosen as the second-generation 
reference alloy for Argonne's evaluation of 
the vanadium alloy system. The titanium 
improves both the resistance of the alloy to 
radiation-induced swelling and its fabrica- 
bility, while the chromium improves the 
creep strength and oxidation resistance. 
Related alloys under investigation include 
V-13Cr-3Ti, V-9Cr-3Fe-1Zr (Vanstar-7), 
V-7.5Cr-1.5Ti, and V-3Ti-1Si. 

Martin Marietta Laboratories has devel- 
oped a new analytical method for determin- 
ing vanadium, sulfur, and other critical 
impurities in fuel oil ash.? The method, 
based on inductively coupled plasma atom- 
ic emission spectrometry, reportedly is 
quicker and more effective than atomic 
absorption. In a related development, the 
National Bureau of Standards issued a 
western phosphate rock reference material. 
The new analytical standard, SRM 694, 
assays 0.31% V,O, and 0.01414% U by 
weight and is certified for 11 other inorgan- 
ic constituents. 


Physical scientist, Division of Ferrous Metals. 
?The Mining Record. Atlas Kopon Gold Discovery at its 
Gold Bar Properties. V. 96, No. 38, Sept. 19, 1984, p. 1 
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Chemical Marketing Reporter. Monsanto to Ex xpand 
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Generation Catalyst. V. 227, No. 19, May 13, 1985, pp. 5, 13. 
‘International Iron and Steel Institute, Committee on 
Raw Materials (Brussels, Belgium). Vanadium, Niobium, 
Molybdenum and the Steel Industry. 1984, pp. 1.1-5.83. 
*5Associacáo Brasileira dos Produtores de Ferro-Ligas 
(Sáo Paulo, Brazil). Anuario da Industria Brasileira de 
Ferro-Ligas-1983 (Yearbook of the Brazilian Ferroalloys 
Industry-1983). 21 pp. 
$Values can be converted from Canadian dollars (CAN$) 
to U.S. dollars at the rate of CAN$1.3188 = US$1.00. 
"Whiteway, P. Technology for Vanadium Extraction 
Moves Toward Commercial Feasibility. The North. Miner 
(Toronto, Canada), v. 70, No. 30, Oct 4, 1984, p. B9. 
*Ehrlich, P. C. China Firm Will Handle All Nonferrous 
aport, Am. Met. Mark., v. 93, No. 55, Mar. 21, 1985, pp. 1, 
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Vermiculite 


By Arthur C. Meisinger! 


U.S. production of vermiculite concen- 
trate in 1984 increased 12% in quantity sold 
and used and 16% in value to 315,000 short 
tons and $31.5 million dollars, respectively. 
Exfoliated vermiculite sales from 43 plants 
increased 18% in quantity to 264,000 tons 
valued at $56.5 million. 

W. R. Grace & Co., the largest domestic 
producer with mines in Montana and South 
Carolina, produced exfoliated vermiculite at 
29 plants in 24 States. 

World production of vermiculite increas- 
ed 12% to an estimated 550,000 tons, after a 
5-year decline. 

Domestic Data Coverage.—Domestic pro- 
duction data for vermiculite are developed 
by the Bureau of Mines from two separate 


voluntary surveys, one for domestic mine 
operations and the other for exfoliation 
plant operations. Of the four mining oper- 
ations to which a request was sent, three 
responded. The one nonrespondent’s data 
were estimated using previous years’ pro- 
duction levels adjusted by trends in employ- 
ment and other guidelines. Of the 45 exfo- 
liating plants to which a request was sent, 
43 plants were active and 37, or 86%, 
responded, representing 84% of the total 
exfoliated vermiculite sold and used shown 
in table 1. Plant data for the six non- 
respondents were estimated using reported 
previous years’ production levels adjusted 
by trends in employment and other guide- 
lines. 


Table 1.—Salient vermiculite statistics 
(Thousand short tons and thousand dollars unless otherwise specified) 


United States: 
Sold and used by producers: 


Concentratte 2 2 2 LL "NOH 


Malug. AA iE 
Average value! 
Exfoliated 


Average value? |... dollars per ton 

Exports to Canada _______________________. 
Imports for consumption?! 
World: Production““TTTTœ/ lll 


1: dollars per ton M 


1980 1981 1982 1983 1984 
EN 337 320 316 282 315 
$23,500 $26,200 $28,500 $27,200 $31,500 
$69.73 $81.88 $90.19 $96.45 $100.00 
l 281 214 235 224 264 
Sues $54,500 $58,600 $55,500 — $52,200 556,500 
$193.95 $213.87 $236.17 $233.04 $214.02 
30 3l 22 19 *20 
26 27 21 24 26 
593 577 560 P493 *550 


*Estimated. Preliminary. 
! Based on rounded data. 


2Excludes production by centrally planned economy countries. 
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DOMESTIC PRODUCTION 


U.S. production of vermiculite concen- 
trate increased 12% in quantity sold and 
used to 315,000 tons and 16% in value to 
$31.5 million. 

The principal mining and beneficiating 
operations continued to be those of W. R. 
Grace at Libby, MT, and Enoree, SC. Ver- 
miculite was also mined and processed by 
Patterson Vermiculite Co. near Encore, SC, 
and by Virginia Vermiculite Ltd. in Louisa 
County, VÀ. 


Production of exfoliated vermiculite by 14 
companies in 28 States increased 1896 in 
quantity sold and used to 264,000 tons and 
8% in value to $56.5 million. Output came 
from 43 plants, of which 29 were operated 
by W. R. Grace. 

In descending order of exfoliated vermicu- 
lite output, the principal producing States 
were California, Ohio, Florida, South Caro- - 
lina, Texas, New Jersey, and Illinois. 


CONSUMPTION AND USES 


Apparent domestic consumption of ver- 
miculite concentrate increased 12% from 
281,000 tons to 321,000 tons. 

The quantity of exfoliated vermiculite 
sold and used as construction aggregate 


material in concrete, plaster, and premixes 
increased 35%. Insulation: uses increased 
7%, and agricultural uses increased slightly 
over those of 1983. 


Table 2.—Exfoliated vermiculite sold and used in the United States, by end use 


(Short tons) 
End use 1983 1984 
Aggregates: 
.... ⁵ð 46.600 51,600 
o*W¾C ⁵¾ ⅛ G(tPF.. a sees a, Oy ⁰·t 8 3.300 2,100 
Premixes'_________.___________. J ees 49,500 80,300 
Totausss 2... LL. S 99,500 134,700 
Insulation: 
INI n : a R 25,400 25,900 
ekaa ORARIO Fe oh, lie pip é K A Ey a 33,800 38,500 
J%%/J;öõ§%ñß?ẽ.! erga E eae y ty Baa ot 4.200 3,300 
Total. 282% J½4%44;ͤͤ;ö;ͥ ðV y OR ER ERR ata 63,400 67,700 
Agricultural: 
Horticultural IPM ͤ ß ee cee 22.400 22.100 
Soil conditioning ..... GBS Gy itt aan 7,800 4,700 
Fertilizer carrier_-_________________._. 0 200 022. LL L 26,800 31,600 
1//Ü%—%˙:Ä˙M a a gs, tees SS Re ee US ae hy 51,000 58,400 
OUNGE o Slo eh ß wig ay eei e Sain te 3,900 3,100 
Grand total? L 22-2-2222 Gn St ð ð eas wn a 224,000 264,000 


Includes acoustic, fireproofing, and texturizing uses. 


*Data may not add to totals shown because of independent rounding. 
Includes high-temperature and packing insulation and sealants. 


“Includes various industrial uses not specified. 
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Table 3.—Active vermiculite exfoliating plants in the United States in 1984 


959 


Company County State 
A-Tops Corp Mp Beaver. Pennsylvania. 
Bh a sese a EE S e S A SiL St. Louis Missouri. 
Irondale Alabama. 
Maric opa Arizona. 
Pulaski ii Arkansas. 
Alameda California. 
Orange e : 
Denver Colorado. 
Broward. . .... Florida. 
Duval Do. 
Hillsborough _ _ _ - - . 
Du Page Illinois. 
Campbell! Kentucky. 
. Orleans Louisiana. 
, Prince Georges Maryland. 
W. R. Grace & Co., Construction Products Div -------------- Hampshire Massachusetts. 
ay ne Michigan. 
Hennepin- ns Minnesota. 
St. Louis Missouri. 
Dou glass Nebraska. 
Mercer New Jersey. 
Cayu ga New York. 
Guilford... _- North Carolina. 
Oklahoma ...... Oklahoma. 
Multnomah- ..... Oregon. 
Lawrence. ..... Pennsylvania. 
Greenville! __ ____ South Carolina. 
Davidson Tennessee. 
Be aa Texas. 
Dallass ; 
International Vermiculite bbb Macoupi __ _ _ - Illinois. 
MM on necne ·màqæ ⁰ðdͥ m 88 Kenosh aaa Wisconsin. 
O. M. Scott & Sons- oo o ] ð 8 Union Ohio. 
Patterson Vermiculite co Lauren«ggss South Carolina. 
Robinson Insulation Co___ _______ .________________- Cascade | . |... Montana. 
The Schundler C0o l E Middlesex New Jersey. 
Strong - Lite Products Cory) Jefferson n Arkansas. 
Strong-Lite Products Corp. of Illinois De Kalb Illinois. 
I ³ ² aa tie ay ceri, k pi dates Hillsborough -- --- Florida. 
Vermiculite-Intermountain Ine i Salt Lakæke Utah. 
Vermiculite of Hawaii Innen Le Honolulu Hawaii. 
Vermiculite Products Ine F Harris - Texas. 


12 plants in county. 


PRICES 


Engineering and Mining Journal quoted 
yearend prices for unexfoliated vermiculite 
as follows, per short ton: Montana and 
South Carolina, f.o.b. mine, $99.50 to 
$135.50; and the Republic of South Africa, 
c. i.f. Atlantic ports, $100 to $160. 


The average value of vermiculite concen- 
trate sold and used by U.S. producers in- 
creased slightly to $100 per ton, f.o.b. plant. 
The average value of exfoliated vermicu- 
lite, f.o.b. plant, decreased for the second 
straight year from $233 per ton to $214 per 
ton. 


FOREIGN TRADE 


of 1983. Exports to Canada were estimated 
to be 20,000 tons and represented 6% of 
total sales. 


Imports of vermiculite concentrate from 
the Republic of South Africa were estimat- 
ed to be 26,000 tons, up slightly from those 


WORLD REVIEW 


vermiculite concentrates in the Republic of 
South Africa increased 14%, and exports 
accounted for 91% of production. 


Estimated world production increased 
12% to 550,000 tons, reversing a 5-year 
decline. The United States and the Republic 
of South Africa, together, accounted for 
92% of the total production. Production of 


1Industry economist, Division of Industrial Minerals. 
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Table 4.—Vermiculite: World production, by country! 


(Short tons!) 
Country 1980 1981 1982 1983P 1984* 

Argem ii, dew ene eee 10,920 3.557 3.697 4.355 4.000 
Pl! ³o dd te, eh ee ee 13.427 15,771 15,497 15,432 16,500 
ESVDUSL n ee n S km 8 800 800 309 331 360 
II““. ⁰ ⁵ LIEU us 13.779 3,995 2,280 2,658 2,800 
Japan e ici dure dL y ee 2 ee 19,000 19,000 19,000 19,000 19,000 
KenVH eure kr y 8 22,819 2,900 1,700 NA NA 
%%%»; E ĩͤ A pee at 601 657 575 440 550 
South Africa, Republic olf 204,698 210,101 201,327 168,691 2191,536 
Tanzania 2 ee 20 20 20 20 20 
United States (sold and used by producers ..... 337,000 320,000 316,000 282,000 2315,000 

J//ö·ͤ Bitte met —— es Mae a a €À ™593,064 576,801 560,405 492.927 549,766 


“Estimated. Preliminary. Revised. NA Not available. 
1Excludes production by centrally planned economy countries. Table includes data available through July 9, 1985. 
2Reported figure. 


Zinc 


By James H. Jolly: 


Strikes and the permanent closure of a 
zinc mine near the end of 1983 resulted in 
decreased domestic zinc mine production in 
1984, the fourth straight year of decline, 
and the lowest zinc output year in more 
than 60 years. Smelter production increas- 
ed, owing mainly to the reopening of a 
Texas zinc smelter. World zinc mine and 
smelter production were at record-high lev- 
els; the U.S. zinc industry accounted for 
about 4% of world mine output and about 
5% of world smelter output. 

Domestic consumption of slab zinc was 
the highest since 1979 owing to continued 
overall improvement in the U.S. economy, 


especially in the area of housing, construc- 
tion, and automobile manufacture. Zinc 
prices rose in the first half of 1984, continu- 
ing an upward price surge that occurred in 
the last quarter of 1983. The strong domes- 
tic demand for zinc in 1984 was met to a 
large extent by imports, which reached 
record-high levels in 1984. Canada supplied 
more than one-half of the imports; Peru and 
Mexico were also major suppliers. In the 
latter half of the year, demand waned, 
resulting in a sharp drop in zinc prices, 
reduced consumption levels, and a reduc- 
tion in slab zinc imports. 


Table 1.—Salient zinc statistics 
(Metric tons unless otherwise specified) 


United States: 


Production: 
Domestic ores, recoverable content 


Slab zinc: 
From domestic ores - --—-—--------—- 
From foreign ores- - —------------- 
From scrap- snd 


Exports: 
Ores and concentrates (zinc content 
Slab zh. ĩð2Lu ol ee 

Imports for consumption: 

Ores and concentrates (zinc content 
SSI V nes Auer 

Stocks of slab zinc, Dec. 31: 

Producer and consume rr 
Merc 


All classes 
Price: High Grade, cents per pound (delivered) - 
World: 


melt ee ee eu do— 
Price: Prime Western, London, cents per pound 


1980 1981 1982 1983 1984 
317.103 312,418 303,160 215,294 252, 768 
$261,671 $306,879 $257,116 $251,204 $270,833 
231,850 259,835 193,284 210,315 197,912 
108,606 86,728 34,892 25,379 55,220 
29, 396 50,192 74, 288 69,390 78,113 
369,852 396,755 302,464 305,084 331,245 
214,967 290,658 210,681 279,237 320, 456 
54,457 54,232 11,289 60,168 30,579 
302 323 341 427 760 
182,370 245,710 66,809 63,156 86,172 
410,163 612,007 456,233 617,679. 639,228 
92.151 126,581 111,777 112,940 118,834 
33,650 68,773 : ; 18,792 
342,380 340,581 340,578 340,577 340,577 
811,146 840,875 109,491 805,891 848,903 
1,142,409 1. 189,36 953,111 1,120,548 1,214,558 
37.43 44.56 38.47 41.39 48.60 
15,954 15,845 6,054 56,160 26,419 
16,049 16,085 5,861 56,201 6,448 
34.47 38.34 33.74 34.73 40.46 


*Estimated. Preliminary. Revised. 
1Excludes redistilled slab zinc. 
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Domestic Data Coverage.—Domestic da- 
ta for zinc are developed by the Bureau of 
Mines from seven separate, voluntary sur- 
veys of U.S. operations. Typical of these 
surveys is the “Slab Zinc" consumption 
survey. Of the 426 operations to which the 
survey request was sent, 318 responded, 
representing an estimated 86% of the total 
slab zinc consumption shown in tables 1, 15, 
16, and 17 and an estimated 59% of total 
consumption of all classes shown in tables 1 
and 15. Consumption for the remaining 108 
nonrespondents was estimated using prior 
year consumption levels, trends in con- 
sumption, or other guidelines. 

Legislation and Government  Pro- 
grams.—The National Defense Stockpile 
(NDS) goal for zinc was 1,292,739 metric 
tons, unchanged since May 1980. The total 
zinc inventory held by the Government at 
yearend 1984 was 343,240 tons including 
2,625 tons of zinc in the form of brass. The 
zinc stockpile, other than brass, was com- 
posed of 183,175 tons of High Grade (HG) 
slab zinc, 121,750 tons of Prime Western 
(PW) slab zinc, and 35,653 tons of other 
grades of slab zinc. 

Legislation to continue the suspension of 
import duties on zinc ore, concentrate, and 
scrap for an additional 5-1/2 years to De- 
cember 31, 1989, was approved in October in 
Public Law 98-753, the Trade and Tariff Act 
of 1984. Because the above public law was 
enacted after the expiration of the previous 
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dutiable materials for about 4 months in 
1984. 

The Environmental Protection Agency 
(EPA) established final effluent discharge 
limitations and standards for smelters and 
refiners of nonferrous metals. Under the 
rules that took effect in April, smelters and 
refiners of zinc were under a 3-year dead- 
line to remove 86% of toxic impurities from 
wastewater discharges and 90% of pollu- 
tants such as ammonia and fluoride. 

In February, EPA issued a final rule 
limiting particulate emissions from new 
metals-processing plants or those plants 
whose construction began after August 24, 
1982. The regulated plants are those that 
process ores into concentrates containing 
one or more of a number of metals, includ- 
ing zinc. The ruling was based on the best 
demonstrated technology and limited the 
concentration of particulate matter in stack 
emissions to 0.05 gram per dry standard 
cubic meter. 

Legislative proposals to reauthorize and 
amend the Comprehensive Environmental 
Response, Compensation, and Liability Act 
of 1980 (Superfund), which was due to ex- 
pire on September 30, 1985, failed in 1984. 
One bill, House bill 5640, was approved in 
1984 by the House of Representatives, but 
similar legislation in the Senate did not 
pass. The House bill proposed to continue 
the taxes on zinc chloride and zinc sulfate 
and would add zinc metal and zinc oxide to 


legislation permitting the duty suspension, the list of taxable materials. 
zinc ores, concentrates, and scrap were 
DOMESTIC PRODUCTION 


MINE PRODUCTION 


U.S. mine output of recoverable zinc was | 
the lowest since 1921 owing mainly to 


Strikes at zinc-producing mines in Missouri 
and Tennessee and to the closure of the 
Friedensville, PA, zinc mine in late 1983. 
Tennessee was the principal zinc-producing 
State in 1984, a position the State has held 
24 times in the last 27 years. New York and 
Missouri were the second and third leading 
States in mine output. The leading U.S. zinc 
producers were ASARCO Incorporated; St. 
Joe Minerals Co. a subsidiary of Fluor 
Corp.; and Jersey Miniére Zinc Co. 

"The 25 leading U.S. zinc-producing mines 
accounted for 99% of the recoverable zinc 
mined, with the 10 leading mines account- 
ing for 84%. 

In Tennessee, zinc was produced from 
zinc ore at eight underground mines and 


from iron-sulfur-copper-zinc ore at Copper- 
hill. Asarco, operator of four mines— 
Young, New Market, Immel, and Coy—was 
the leading producer in the State. Accord- 
ing to the company’s annual report, Asarco 
milled 2.6 million tons of ore producing 
61,050 tons of zinc in concentrate, slightly 
more than that produced in 1983. Ore re- 
serves at the four mines were 6.32 million 
tons averaging 3.36% zinc at yearend. 
Jersey Miniére operated two mines, the 
Elmwood and Gordonsville, and was the 
second leading producer in Tennessee. Pro- 
duction was near capacity, 5,400 tons of zinc 
concentrate per month, until early August 
when the mines closed because of a strike. 
The strike was settled in mid-October, but 
full production was not attained until De- 
cember. In May, Gulf + Western Industries 
Inc. (G+W) sold its 60% share in Jersey 
Miniére to Union Zinc Co., its partner in the 
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company. Union Zinc is a subsidiary of the 
Belgian company, Union Miniére S.A. 

The Beaver Creek Mine near Jefferson 
City, TN, which was sold to Inspiration 
Resources Corp. in July 1983 by G+W, 
resumed production in January after a 12- 
month shutdown. Ore was processed at the 
company's Jefferson City mill; however, the 
Idol and Jefferson City Mines, also part of 
the G+ W sale, did not reopen. 

Zinc produced in Missouri was a coprod- 
uct of lead at seven underground lead 
mines, all located along the Viburnum 
Trend. Because of extended strikes at six 
mines, zinc production was down 2096 from 
that of 1983 and was the lowest recorded by 
the State since 1969. On April 1, 1984, union 
workers struck St. Joe's five lead mines and 
three mills, and on June 1, the Buick Mine, 
owned jointly by AMAX Lead & Zinc Inc. 
and Homestake Mining Co. was struck. 
Despite the strikes, the companies contin- 
ued to operate the mines, although at re- 
duced levels, using supervisory personnel 
and nonunion workers. The above strikes 
were settled December 9 and December 29, 
respectively; however, in settling, the 
unions accepted reductions in wages, holi- 
days, cost-of-living adjustments (COLA), and 
health benefits. 

The Magmont Mine, owned jointly by 
Cominco American Incorporated and Dress- 
er Industries Inc., was the only operating 
Missouri lead mine not struck. According to 
Cominco, the company milled slightly more 
than 1 million tons of ore grading 2.1% zinc 
and produced a record high 30,000 tons of 
concentrate containing 18,000 tons of zinc. 
The record-high output was attributable to 
increased mining activity in the new Mag- 
mont West area, which contained higher- 
than-average zinc grades, and to the intro- 
duction of more efficient mining equipment. 
Ore reserves at yearend were 7.2 million 
tons averaging 6.5% lead, 1.2% zinc, and 
0.36 ounce of silver per ton. 

Output of zinc in concentrate at the Buick 
Mine fell about 30% owing mainly to the 
strike. In 1984, 1.36 million tons of ore 
grading 8.1% lead and 1.8% zinc were 
milled at Buick yielding 20,800 tons of zinc 
in concentrate. At yearend, ore reserves at 
the Buick Mine were 32.7 million tons 
grading 5.6% lead and 1.4% zinc. 

St. Joe began initial production at its new 
lead-zinc-copper Viburnum No. 35 Mine at 
Bixby, MO. The ore was processed at the 
company’s nearby Viburnum mill, which 
was expanded in 1983 to accommodate the 
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new mine’s anticipated 3,600-ton-per-day 
ore production. At capacity, St. Joe ex- 
pected to produce 41,000 tons of lead and 
5,000 tons of zinc annually at the new 
operation. Asarco continued underground 
development of its West Fork, MO, lead 
mine. When this development phase is com- 
pleted, scheduled for early 1985, the compa- 
ny expected to be in a position to bring the 
mine on-stream within 9 months after a 
decision is made to begin production. The 
West Fork mill, which was completed in 
1983, was capable of processing 3,450 tons of 
ore per day and producing 40,000 tons of 
lead, 7,000 tons of zinc, and 125,000 ounces 
of silver in concentrate annually. Ore re- 
serves were estimated to be 14 million tons 
averaging 5.5% lead and 1.2% zinc, with 
silver and some copper. 

In New York, St. Joe operated the Balmat 
and Pierrepont Mines. All ore was milled at 
the company’s Balmat mill, which had an 
ore milling capacity of 3,900 tons per day. 
Zinc recovery from ore was about 94% with 
a concentrate grade of about 58% zinc. The 
concentrates were mainly processed at the 
company’s zinc refinery at Monaca, PA. 
A toll arrangement with several foreign 
smelters that resulted in St. Joe receiving 
Special High Grade (SHG) slab zinc for 
concentrate, expired in April and was not 
renewed. The total ore reserves of St. Joe’s 
New York mines were estimated to be 19.5 
million tons averaging 10.8% zinc at year- 
end. Included in the total was about 1.8 
million tons of ore grading 17% zinc at the 
Pierrepont Mine.? 

In Colorado, zinc production came largely 
from the Leadville Mine, managed by Asar- 
co but jointly owned by Asarco and Resur- 
rection Mining Co., a Newmont Mining Co. 
subsidiary, and from the Sunnyside gold 
mine owned by Standard Metals Corp. Asar- 
co reported that it milled 194,000 tons of 
ore, slightly more than in 1983, resulting in 
production of 13,150 tons of zinc in concen- 
trate plus 6,080 tons of lead, 363,000 ounces 
of silver, and 17,950 ounces of gold. Yearend 
ore reserves at the Leadville Mine were 
960,000 tons, averaging 9.42% zinc, 4.49% 
lead, 0.2% copper, 2.82 ounces of silver per 
ton, and 0.11 ounce of gold per ton. Stand- 
ard Metals reported production at a rate of 
about 900 tons of ore per day until Septem- 
ber when an unexpected geological fault in 
the newly developed Portland vein made it 
impossible to continue normal operations. 
Because the fault will cause mining prob- 
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lems, ore production was expected to be 
sharply reduced in early 1985. Yearend ore 
reserves at the Sunnyside Mine were esti- 
mated to be 1.5 million tons averaging 
about 3.3% zinc, 2.3% lead, 0.396 copper, 1.5 
ounces of silver per ton, and 0.2 ounce of 
gold per ton. 

In Idaho, Hecla Mining Co.'s Lucky Fri- 
day Mine was, by far, the State's largest 
zinc producer. Minor zinc production also 
came from a few silver mines, and in the 
second half of 1984, from Hecla's Star Mine, 
which was leased by CS&C Mining Co. 
Hecla reportedly milled 233,000 tons of ore 
and produced 3,000 tons of zinc in concen- 
trate at the Lucky Friday Mine during 1984. 
Ore reserves at the Lucky Friday were up 
21% owing to extensive development work 
and, at yearend, totaled 569,300 tons aver- 
aging 13.2% lead, 1.6% zinc, and 19.3 
ounces of silver per ton. 

In Alaska, both the Red Dog and Greens 
Creek mining projects progressed toward 
development. Cominco and the NANA Re- 
gional Corp. planned to complete in 1985 
the final detailed engineering programs at 
their Red Dog deposit in northwest Alaska 
on a schedule that would allow startup by 
1989 if a decision to proceed was made in 
1985. Red Dog reserves were estimated by 
Cominco to be 77 million tons of ore aver- 
aging 17.1% zinc, 5% lead, and 2.6 ounces of 
silver per ton. Plans called for the deposit, 
which is flat-lying and close to the surface, 
to be mined by open pit methods at a rate of 
2 million tons per year when in full produc- 
tion. Capital costs of the project were esti- 
mated to be between $400 and $500 million. 
At yearend, the State government was con- 
sidering legislation to provide about $150 
million in financial assistance to construct 
port and road facilities to serve the Red Dog 
area. 

Noranda Ltd. and its partners continued 
exploration of their Greens Creek silver- 
zinc-lead deposit on Admiralty Island. Early 
in 1984, the U.S. Forest Service approved 
the company’s general plan of operations 
for the mine, paving the way for infrastruc- 
ture development including a 14.8-mile road 
and marine terminal facilities. Ore reserves 
were estimated to be about 3.9 million tons 
averaging 9.31% zinc, 3.37% lead, 0.45% 
copper, 19.3 ounces of silver per ton, and 
0.15 ounce of gold per ton. Surface drilling 
confirmed the presence of a new north ore 
zone supporting the contention that geologi- 
cal reserves could be in the order of 9 
million tons. Plans called for mine startup 
in 1987 at a milling rate of 270 tons per day 
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increasing to 750 tons per day as mine 
development and market conditions al- 
lowed. 

Permitting and zoning problems contin- 
ued to delay Exxon Minerals Co.'s plans to 
develop the huge zinc-copper Crandon de- 
posit in Wisconsin. All permitting and 
zoning applications have been submitted; 
however, decisions on some permits were 
not expected until 1987, thereby delaying 
possible production until the early 1990's. 

U.S. Minerals Exploration Co. and Cen- 
tennial Minerals Ltd. completed a favorable 
feasibility study in 1984 on their Montana 
Tunnels silver-gold-zinc-lead deposit located 
about 35 miles north of Butte, MT. The 
companies were obtaining environmental 
operating permits and seeking financing at 
yearend. Ore reserves at Montana Tunnels 
were estimated to be 59 million tons aver- 
aging 0.67% zinc, 0.28% lead, 0.4 ounce 
silver per ton, and 0.03 ounce gold per ton. 
Plans called for development of an open pit 
mine in 1986 or 1987 producing about 5 
million tons of ore per year resulting in an 
annual production of about 25,000 tons of 
zinc, 8,000 tons of lead, and significant 
amounts of silver and gold. 

Silver King Mines Inc. continued develop- 
ment of its $20 million silver-zinc-lead- 
copper Ward Mountain Mine near Ely, NV. 
Silver King was completing two parallel 
4,500-foot declines to the ore body and 
began site preparation for a 1,100-ton-per- 
day mill. The project, anticipated to come 
on-stream in 1986, was expected to have an 
annual production of about 17,000 tons of 
zinc in concentrate. Ore reserves were esti- 
mated by the company to be about 15.5 
million tons averaging 5.5% zinc-lead, 1.4% 
copper, and 3 ounces of silver per ton. 


SMELTER AND REFINERY PRODUCTION 


Primary zinc production increased in 
1984 owing mainly to the reopening of 
Asarco's zinc refinery at Corpus Christi, TX. 
Strikes at two smelters, AMAX's Sauget, IL, 
plant and Jersey Miniére's Clarksville, TN, 
plant, were relatively short-lived and had 
little effect on U.S. zinc production. 

Asarco reopened its 104,000-ton-per-year 
zinc refinery beginning in February as part 
of an agreement with labor unions in return 
for wage concessions and a suspension of 
COLA for 2 years. Metal production com- 
menced in May; however, because of short- 
ages of traditional zinc oxide fume feed 
materials, the company operated the plant 
at about 50% of capacity, resulting in zinc 
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production of only 28,500 tons. Late in the 
year, Asarco announced plans to indefinite- 
ly suspend operations at the refinery in the 
second quarter of 1985 because of high costs 
and declining zinc prices. In anticipation of 
the closure, the company reportedly took a 
$120 million write-down against its 1984 
results. 

Jersey Miniére's zinc refinery at Clarks- 
ville, TN, operated at near its 82,000-ton- 
per-year capacity until July, when output 
was cut to 75% of capacity because of 
weakening zinc demand, increasing stock 
levels, and falling zinc prices. A strike in 
August and September did not appreciably 
reduce refinery production. Additional pur- 
chases of concentrate were necessary be- 
cause the company's mines, which supplied 
about one-half of the refinery's feed, were 
closed down. 

St. Joe bought the National Zinc Co., 
including its 51,000-ton-per-year electrolytic 
zinc smelter at Bartlesville, OK, in August, 
and as a result, became the largest U.S. 
zinc-smelting company, with an annual ca- 
pacity of 142,000 tons. Because St. Joe's 
91,000-ton-per-year electrothermic zinc 
smelter at Monaca, PA, produced primarily 
PW galvanizing grades, dust, and oxide, the 
acquisition of an electrolytic zinc refinery 
that produces SHG and HG zinc was ex- 
pected to allow the company to penetrate 
most zinc markets. 

Zinc Oxide.—The sources of domestic 
Zinc oxide production were 36% from ores 
and concentrates, about 31% from slab zinc, 
and 33% from secondary materials. French- 
process zinc oxide accounted for about 64% 
compared with 67% in 1983. Lead-free zinc 
oxide was produced at 11 plants, and leaded 
zinc oxide at 1 plant. The largest producers 
of zinc oxide were Asarco; The New Jersey 
Zinc Co. Inc. (NJZD, Pacific Smelting Co, 
and St. Joe. 

Zinc oxide production at Asarco’s two 
plants, located at Columbus, OH, and 
Hillsboro, IL, was 31,860 tons in 1984 com- 
pared with 29,500 tons in 1983. Asarco 
reportedly wrote down the value of its zinc 
oxide plants by $5 million against the com- 
pany’s 1984 results; however, Asarco plan- 
ned to continue both operations. 
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In March, T. L. Diamond & Co. Inc. pur- 
chased the Hillsboro, IL, zinc oxide manu- 
facturing facilities of the Sherwin-Williams 
Co. Sherwin-Williams acquired the facilities 
in 1980 from Eagle-Picher Industries Inc. 
but closed them in June 1983. The plant, 
which has a monthly zinc oxide production 
capacity of about 1,350 tons, resumed oper- 
ations in mid-1984 as Eagle Zinc Co., a 
division of T. L. Diamond. Zinc sludges, 
drosses, skimmings, and residues were the 
principal raw materials for its zinc oxide 
production. 

Pacific Smelting reported that it increas- 
ed output of zinc oxide and other zinc 
products by 45% to 29,000 tons at its plants 
at Torrance, CA, and Memphis, TN. The 
zinc plants, which process zinc scrap and 
waste materials, operated at 60% of capaci- 
ty in 1984 compared with 40% 1 year ear- 
lier. 

In August, zinc production at NJZI’s Ster- 
ling Mine in New Jersey and Palmerton, 
PA, zinc oxide plants was sharply reduced 
owing to a 3-week strike by union workers. 
The plant, which has a zinc oxide produc- 
tion capacity of about 82,000 tons, produced 
both French- and American-process zinc 
oxide. 

Zinc Salts.—Zinc sulfate was produced by 
about 12 companies from secondary materi- 
als and concentrate. Zinc chloride was pro- 
duced entirely from secondary materials by 
seven companies. 

Slag Fuming Plants.—No domestic slag- 
fuming plants operated, although substan- 
tial quantities of zinc-bearing lead blast 
furnace slags continued to accumulate at 
lead smelters. Asarco’s slag-fuming plants 
at East Helena, MT, and El Paso, TX, were 
expected to be closed permanently because 
the company wrote off all of their asset 
value against 1984 results. 

Byproduct Sulfur.—Production of sulfur 
in byproduct sulfuric acid from five primary 
zinc plants and one zinc oxide plant was 
144,700 tons, up from 125,500 tons in 1983. 
More zinc sulfide concentrates were proc- 
essed, owing mainly to the reopening of a 
primary zinc refinery in Texas. The esti- 
mated value of the sulfuric acid produced 
was $14.5 million. 


CONSUMPTION AND USES 


Zinc consumption for most end-use cate- 
gories improved. The construction industry 
accounted for about 43% of zinc consump- 
tion, followed by transportation, 21%; ma- 


chinery, 11%; electrical, 9%; and chemical 
and other industries, 16%. 

Galvanizing, mainly for sheet and strip, 
continued to be the principal use of slab 
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zinc, consuming about 44%; followed by 
zinc-based alloys, 27%; brass and bronze 
alloys, 15%; rolled zinc, 7%; and other uses, 
7%. Of the zinc metal grades, SHG account- 
ed for 53% of the slab zinc consumed and 
was used mainly for the production of zinc- 
based alloys. The Bureau of the Mint used 
about 33,500 tons of SHG for penny produc- 
tion that, for the year, totaled 13.72 billion 
pennies. PW was second in slab zinc con- 
sumption and was used mainly for galvaniz- 


ing. 

Zinc-based diecasting alloys produced 
from refined metal and from scrap increas- 
ed 6% over that of 1983, mainly in response 
to stronger demand in 1984 by the automo- 
tive industry. The estimated percentage 
distribution of zinc die-cast shipments in 
1984 by market area, based mainly on 1983 
data, was as follows: automotive, 35%; 
builder's hardware, 27%; machinery and 
household appliances, 1892; electrical com- 
ponents, 1396; and other equipment, 7%. 

The average U.S.-built automobile utiliz- 
ed an estimated 23.0 pounds of zinc die- 
castings, up from 22.6 pounds used in 1983 
models, according to a yearend survey by 
Zinc Institute Inc. (Z).“ The small increase 
ended a 9-year decline in zinc die-cast usage 
in domestically manufactured automobiles. 
In addition to the above, an estimated 9.5 
pounds of zinc diecastings were used in 
optional equipment in the 1984 models. Zinc 
die-cast usage in trucks and buses was not 
included in the survey; however, new trucks 
were estimated to have averaged about 20 
pounds of aftermarket or optional equip- 
ment zinc diecastings. 

The automobile industry increased its use 
of zinc for corrosion protection of its prod- 
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ucts. According to a ZI report, the typical 
U.S.-built 1984 automobile contained 6.15 
pounds of zinc as coating materials in the 
form of galvanized, electrogalvanized, gal- 
vannealed, and zincrometal coated steel. 
This represented a 0.63-pound gain over the 
1983 model average of 5.52 pounds. If zinc- 
rich paint and a 35% offal factor from 
coated steel stampings is included, the zinc 
used for corrosion protection per domestic 
built car averaged about 10.6 pounds in 
1984 compared with 9.74 pounds in 1983. 
Further increases in the quantities of zinc 
used for automobile corrosion protection 
were expected. À number of domestic steel 
companies, in response to announced auto- 
mobile industry material requirements, 
were adding about 2.2 million tons of 
electrogalvanizing capacity to meet the an- 
ticipated demand. 

Zinc consumption in copper-based alloys 
by brass mills, ingot makers, foundries, and 
powerplants increased to the highest levels 
since 1979. According to Copper Develop- 
ment Association Inc.’s data for 1984, 
the brass and bronze industry consumed 
317,600 tons of zinc, the source of which was 
divided about equally between slab zinc and 
scrap materials.* Brass mills accounted for 
more than 85% of this category’s zinc con- 
sumption. 

The apparent consumption of zinc oxide 
was about 186,000 tons, up from 162,000 in 
1983. Reported shipments of zinc oxide in- 
creased, with the largest tonnage increase 
going to the rubber industry. Reported zinc 
sulfate shipments were up; however, the 
agricultural sector, which accounted for 
76% of reported zinc sulfate shipments, was 
down about 1,200 tons from that of 1983. 


STOCKS 


Slab zinc stocks held by domestic produc- 
ers, consumers, and merchants were less at 
yearend 1984 than at the start of the year. 
Producers' stocks tended to be low in the 
first 4 months, but with the onset of weak- 
ening demand and falling zinc prices in the 
May-July period, producers' stocks rose 
sharply and remained high through Decem- 
ber. Conversely, consumer and merchant 
Stocks decreased after midyear, reflecting 
the changing market conditions. The con- 
sumers' stock position, particularly, re- 
flected expectations of lower zinc prices. 
World stocks at yearend, exclusive of the 
NDS and the centrally planned economy 
countries, totaled about 628,000 tons, 40,000 


tons less than at the end of 1983, according 
to the International Lead and Zinc Study 
Group (ILZSG); World producers’ stocks 
were up 75, 000 tons to 420,000 tons at 
yearend but consumer, merchant, and Lon- 
don Metal Exchange (LME) stocks were 
down substantially. 

Stocks of slab zinc at the LME ended 1984 
at 29,300 tons, down from 96,700 tons 1 year 
earlier. The severe drop in stocks was caus- 
ed largely by the initial phasing out of the 
longstanding standard, good ordinary brand 
(GOB) zinc contract and the phasing in of 
the LME's new HG zinc contract, which was 
inaugurated in September. GOB stocks 
tended to fall substantially in 1984 owing to 
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the contract change, whereas replacement 


HG zinc stocks were not readily available 


during much of the year. The two zinc 
contracts were scheduled to operate in tan- 
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dem until November 29, 1985; thereafter, 
GOB trading would be restricted to a cash 
position only and was anticipated to wither 
away in a short time because of inactivity. 


PRICES 


U.S. zinc prices rose in the first half of 
1984 continuing the upward trend in prices 
that began in the last quarter of 1983. In 
early January, amid continuing strong de- 
mand and expectations of further market 
gains, North American producers raised 


quoted price for benchmark HG zinc metal 


from 49 to 51 cents per pound. In mid- 
March, the producers' price was increased 
to 53 cents per pound owing to continued 
positive market factors, including high bid 
prices at the February U.S. Mint tender for 
SHG metal. Because of high zinc prices, a 


number of domestic steel producers imposed 


surcharges on galvanized sheet products. 
The surcharge ranged up to $66 per ton, 
depénding on the zinc coating weight and 
gauge of the sheet. Zinc prices began to 
weaken in May because of decreasing de- 
mand and consumer-anticipated reduced 
price levels in the summer months. Under 
pressure of dealer discounting, HG zinc 
prices fell 2 cents on June 20 to 51 cents per 
pound. Zinc prices continued to weaken 


. through the summer, mainly in response to 


low price bidding at U.S. Mint tender in 
July and September, continued dealer dis- 
counting, and a buildup of producer stocks. 
On September 18, the producers' price for 
HG zinc fell 3 cents per pound to 45 cents. 
Producers retained this price throughout 
the remainder of the year; however, price 
discounting was widespread. The Metals 
Week price for U.S. HG zinc averaged about 
51.3 cents for the first half of 1984 and 42.6 
cents for the second half. 

The European producer price (EPP) for 
zinc increased from $982 per metric ton to 


$1,090 in April. The EPP weakened in June, 
paralleling the drop in the U.S. market, and 
ended the year at $900 per ton. The LME 
price for GOB metal similarly paralleled 
the U.S. market; however, because of cur- 
rency differences, the LME monthly aver- 
age zinc price, in terms of British pounds, 
was higher in December than any previous 
month of 1984. 

American- and French-process lead-free 
zinc oxide at the beginning of the year were 
quoted at 53 to 53.5 cents and 55 cents per 
pound, respectively. Because of strong de- 
mand, mainly by the rubber industry, zinc 
oxide prices declined only slightly in the 
latter half of 1984, unlike the steady erosion 
of metal prices during the same period. At 
yearend, the respective quoted prices were 
at the same level as at the beginning of 
1984. Photoconductive zinc oxide was gener- 
ally priced 1 to 3 cents higher than French- 
process zinc oxide. 

The quoted price for zinc sulfate, granu- 
lar monohydrate industrial grade, 36% zinc 
in bags in carload lots, was $26.50 to $29.00 
per 100 pounds. Agricultural zinc sulfate in 
bulk was quoted at $20 per 100 pounds. 
Technical-grade zinc chloride, 50% solution, 
in tanks, was quoted at $12.25 to $18.20 per 
100 pounds in the first half of 1984 and 
$12.25 to $18.40 in the last half. Standard 
pigment-grade zinc dust, types 1 and 2 in 
drums, was quoted at 59 to 62 cents per 
pound at the beginning of the year. The 
high quote rose to 64 cents in April and 67 
cents in June, where it remained to year- 
end. 


FOREIGN TRADE 


Slab zinc imports in 1984 were at record- 
high levels, exceeding by 3,000 tons the 
previous high set in 1976. Almost 60% was 
imported in the first half of 1984; in the 
second half, imports declined because of 
falling demand. Zinc oxide imports were 
also at record-high levels in 1984. 

Imports for consumption of ores and con- 
centrates were up 36% over those of 1983 
owing mainly to the reopening of Asarco’s 
zinc refinery in Texas. Slightly more than 


one-half of the concentrates were imported 
in the fourth quarter of 1984 after legisla- 
tion was passed to continue the duty sus- 
pension on concentrates. Exports of ores 
and concentrates declined sharply, owing 
mainly to the late-1983 closure of the 
Friedensville, PA, mine, whose output was 
largely exported, and to the termination by 
St. Joe of a toll concentrate processing 
contract with a Canadian smelter. 

The penalty duty on slab zinc imports 
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from Spain, initially imposed in 1977 to 
counteract Government subsidized produc- 
tion and cost advantages, was lifted in 
October because U.S. producers failed to 
request another injury investigation. Be- 
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cause Spanish producers had filed on April 
23, 1982, to request a hearing to have the 
penalty removed, the penalty duty suspen- 
sion was made retroactive to that day. 


Table 2.—U.S. import duties for zinc materials, January 1, 1984 


Ite TSUS Most favored nation (MFN) Non-MFN 
m 
No. Jan. 1, 1984 Jan. 1, 1987 Jan. 1, 1984 

Zinc oxide, dj 473.76 0.6% ad valorem Free 5.5% ad valorem. 

Ores and concentrates! |. 602. 0.44 cent per 0.3 cent per 1.67 cents per 
pound on zinc pound on zinc pound on zinc 
content. content. content. 

FI.. ee D 603.50 „ c Lc MNT. M Do. 

Unwrought, other than alloys 626.02 1.7% ad valorem _ 1.5 cents per 1.75 cents per 

pound. pound. 
Alloys- - ss 626.04 19.0% ad valorem 19.0% ad valorem 45.0% ad valorem. 
Waste and scrap? -- --------—-— 626.10 3.3% ad valorem _ 2.1% ad valorem _ 11.0% ad valorem. 


Duty on zinc ores, concentrates, and zinc-bearing materials was suspended until Dec. 31, 1989, as provided by Public 


Law 98-573 


WORLD REVIEW 


World consumption of slab zinc was an 
estimated record high 6.4 million tons in 
1984, up marginally over the previous 
record-high year, 1979, and 0.2 million tons 
over that of 1983. In the market economy 
countries, slab zinc consumption was about 
4.7 million tons, up about 100,000 tons from 
the 1983 level and the third highest ever 
recorded. Consumption was about the same 
as in 1983 or slightly lower in Africa, Asia, 
and Oceania, and up in Europe and the 
Americas. Consuming countries exhibiting 
substantial increases in consumption were 
the United States, the Federal Republic of 
Germany, Peru, France, and Brazil. India 
was the only country showing an apprecia- 
ble drop in consumption. 

World mine output increased 0.2 million 
tons to 6.4 million tons. Canada, Spain, 
Mexico, and Ireland produced significantly 
more zinc, whereas the United States and 
Australia produced significantly less, main- 
ly because of labor problems during the 
year. World zinc mine capacity at yearend 
was about 8.2 million tons per year, up 
about 120,000 tons from that of 1983, owing 
largely to expansions and the opening of 
new mines in Canada, Mexico, Peru, and 
Thailand. Net losses in mine capacity oc- 
curred principally in the United States. 

World primary smelter capacity was 
about 7.8 million tons at yearend 1984, up 
about 65,000 tons. The increase was princi- 
pally due to the opening of a 60,000-ton-per- 
year zinc plant in Thailand. New smelter 


capacity under construction in Brazil, Cana- 
da, Italy, Norway, and Yugoslavia was ex- 
pected to add about 180,000 tons to world 
capacity in the next 2 years. 

According to ILZSG, stocks of slab zinc in 
the market economy countries were 668,000 
tons at the beginning of 1984, fell 56,000 
tons by the end of March, rose steadily 
through August to a high of 691,000 tons, 
and ended the year at 628,000 tons. 

World prices for zinc increased in the first 
half of 1984, led by strong demand in the 
United States and supply tightness on the 
LME due, in part, to large purchases of zinc 
by China and the U.S.S.R. The buildup of 
zinc stocks in the middle of the year, and 
reduced demand in Europe and the United 
States, resulted in falling prices and reduc- 
ed smelter production in the second half of 
1984. 

In Europe, the European Commission 
(EC) imposed fines on six zinc producers for 
implementing anticompetitive market prac- 
tices between 1964 and 1976. The EC's plan 
to reduce excess zinc smelting capacity 
in the European Economic Community was 
abandoned in 1984 mainly because of im- 
proved zinc market conditions and govern- 
mental reluctance to close smelters because 
of strategic or employment reasons. Late in 
the year, Union Miniére announced a re- 
structuring of its French zinc operations. 
The company planned to double the capaci- 
ty of its 100,000-ton-per-year zinc smelter at 
Arby and close the 100,000-ton-per-year 
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smelter at Viviez. In another action, the EC 
approved a number of galvanizing projects 
at steel mills; however, preference was giv- 
en to these projects that represented only 
modernization without adding to overall 
galvanizing capacity. 

Australia.—Australia was the world's 
third largest mine producer of zinc. Al- 
though production was substantially down 
from the record-high production of 1983 
because of labor strikes at a number of 
operations, mine output in 1984 was the 
second highest on record. Many mines re- 
corded lower production; however, produc- 
tion was up at the Mount Isa, Elura, and 
Teutonic Bore Mines. Concentrate exports 
were up for the sixth straight year. Smelter 
output was the highest since 1979. Exports 
of slab zinc were up for the fourth straight 


year. 

North Broken Hill Holdings Ltd. (NBHH) 
became a major factor in the Australian 
zinc industry in August following its acqui- 
sition of EZ Industries Ltd. (EZD, Austra- 
lia's third largest zinc producer. The two 
companies had been large stockholders in 
each other, and NBHH was a significant 
supplier of concentrate to EZI's zinc refin- 
ery in Tasmania for many years. EZI's zinc 
properties acquired by NBHH included the 
West Coast Mine in Tasmania, the newly 
opened Elura Mine in New South Wales, 
the 214,000-ton-per-year Risdon zinc refin- 
ery in Tasmania, and one-third interest in 
the developing Golden Grove zinc-copper 
deposit in Western Australia. For the fiscal 
year ending June 30, NBHH's North Mine 
at Broken Hill produced about 28,700 tons 
of zinc in concentrate, down about 22% 
from that of 1983 owing to a strike and the 
mining of lower grade ores. At the end of 
June, ore reserves at the North Mine to- 
taled 4 million tons at a minable grade of 
12.8% lead, 10.8% zinc, and 6.6 ounces of 
silver per ton. An additional 2.3 million tons 
of slightly lower grade probable ore was also 
identified. 

In Tasmania, EZI milled 499,000 tons of 
ore from its three West Coast Mines, and 
163,000 tons of purchased ore from the Que 
River Mine, producing 128,400 tons of con- 
centrate containing about 66,900 tons of 
zinc in the fiscal year ending June 30. 
Output was down 14% from fiscal year 1983 
owing to a 2-month labor strike. EZI's Elura 
Mine completed its first full year of produc- 
tion in fiscal year 1984 milling 711,000 tons 
of ore yielding 88,466 tons of zinc concen- 
trate and 44,702 tons of silver-lead concen- 
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trate. The concentrates contained about 
41,100 tons of zinc, 24,800 tons of lead, and 
1.2 million ounces of silver. At the end of 
June, Elura's ore reserves were 26.5 million 
tons grading 8.396 zinc and 5.6% lead with 
4.7 ounces of silver per ton. 

Aberfoyle Ltd., 47% owned by Cominco, 
produced 198,000 tons of ore at its Que 
River Mine in Tasmania in 1984 compared 
with 222,000 tons in 1983. Production as 
well as ore shipments to EZI's mill at 
Rosebery were affected by strikes at the 
mine. Aberfoyle, drilling 2 miles north of 
Que River at Hellyer, discovered a new zinc- 
lead-silver deposit containing an estimated 
16.3 million tons of ore grading about 18.2% 
combined zinc and lead with 4.7 ounces of 
silver per ton and some gold. Underground 
exploration of the deposit was planned to 
start in 1985. Aberfoyle’s ore reserves at the 
Que River deposit at yearend were 1.9 
million tons grading 12.1% zinc, 7.0% lead, 
and 6.6 ounces of silver per ton. 

In the fiscal year ending June 30, MIM 
Holdings Ltd. produced a record high 
184,636 tons of zinc in concentrate in treat- 
ing 4.1 million tons of ore averaging 6.896 
zinc at its Mount Isa Mine in Queensland. 
Mount Isa concentrates were largely ex- 
ported. Zinc-lead ore reserves at the Mount 
Isa Mine at the end of the fiscal year were 
42 million tons averaging 6.7% zinc, 5.9% 
lead, and 4.9 ounces of silver per ton. MIM 
announced the discovery of a new silver- 
lead-zinc ore body near its Hilton deposit, 12 
miles north of Mount Isa. The new ore body, 
known as Hilton North, was thought to be 
potentially economic and of the same mag- 
nitude as the Hilton deposit, which has 2 
million tons of in-place ore reserves aver- 
aging 10.5% zinc, 6.2% lead, and 4.5 ounces 
of silver per ton and 43 million tons of 
similar grade probable ore reserves. Trial 
mining was scheduled to start at the Hilton 
deposit in 1986. 

Conzinc Riotinto of Australia Ltd. (CRA) 
had a combined production of zinc in con- 
centrate of 151,000 tons at its two compa- 
nies, Zinc Corp. Ltd. (ZC) and New Broken 
Hill Consolidated Ltd. (NBHC), located at 
Broken Hill, New South Wales. Zinc pro- 
duction was 53,000 tons less than in 1983 
owing to strikes and the processing of lower 
grade ores. At yearend, ZC had 10.5 million 
tons of proved ore reserves grading 10% 
lead, 9.5% zinc, and 2.9 ounces of silver per 
ton, and NBHC had 18.3 million tons of ore 
reserves grading 11.5% zinc, 7.5% lead, and 
1.9 ounces of silver per ton. 
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Woodlawn Mines Ltd., a joint venture of 
St. Joe, Phelps Dodge Corp., and NBHC, 
milled about 535,000 tons of ore producing 
39,000 tons of zinc in 71,000 tons of concen- 
trate at its open pit Woodlawn Mine in New 
South Wales. At yearend, Woodland's re- 
serves of complex ore were 1.0 million tons 
averaging 13.2% zinc, 4.6% lead, 1.9% cop- 
per, and 1.9 ounces of silver per ton. Open 
pit production was expected to end in 1987 
with the exhaustion of reserves. Woodland 
was continuing exploration to determine 
the feasibility of mining the deeper exten- 
sions of the ore body by underground meth- 
ods. In September 1984, Phelps Dodge 
announced that it was selling the compa- 
ny’s one-third share in Woodland to NBHC 
for $5 million. 

Nicron Resources Ltd., 74%; Lachlan Re- 
sources NL, 16%; and Petrocarb Explora- 
tion NL, 10%; planned to develop, for about 
$10 million, the Woodcutters zinc-lead- 
silver deposit in the Northern Territory. 
Ore reserves were estimated to be 1.1 mil- 
lion tons averaging 14% zinc, 7.7% lead, 
and 5.7 ounces of silver per ton. Plans called 
for open pit production to start in 1986 
followed by underground mining in a few 
years. The annual open pit production was 
expected to average about 29,000 tons of 
zinc, 11,000 tons of lead, and 600,000 ounces 
of silver. 

Refined metal output at EZI's Risdon zinc 
refinery was 185,819 tons, only marginally 
higher than for fiscal year 1983 despite 
having improved hydroelectric power avail- 
ability. Strikes at mines supplying concen- 
trate and several work stoppages at the 
refinery limited production. Australia's oth- 
er two zinc refineries operated at near 
capacity in 1984. 

Brazil.—Cia. Paraibuana de Metais plan- 
ned to begin a $15 million expansion in 
early 1985 at its zinc plant at Juis de Fora, 
Minas Gerais. The project would double 
capacity to 60,000 tons per year by 1987. 
Cia. Industriel e Mercantil Inga S.A. began 
a $12 million expansion to increase the 
capacity of its Itaguai zinc smelter to 24,000 
tons per year by 1986. As a result of these 
expansions, Brazil's refined zinc annual ca- 
pacity was expected to increase to 149,000 
tons in 19877 from 110,000 tons in 1984. 

Canada.—Mine production was up sharp- 
ly in 1984 and accounted for about one-fifth 
of world output. The increase was attribut- 
able to a full year's operation at the Pine 
Point zinc-lead mine in the Northwest Ter- 
ritories, which in 1983 was closed during 
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the first half of the year, and to higher 
production levels at several of the larger 
zinc mines. The principal zinc producers in 
1984 were Cominco, Noranda, and Kidd 
Creek Mines Ltd. More than one-half of the 
zinc production came from four mines: 
Noranda’s Brunswick Mining and Smelting. 
Corp. Ltd. (BMS) No. 12 Mine in New 
Brunswick, Kidd Creek’s mine at Timmins, 
Ontario, and Cominco's Pine Point and 
Polaris Mines in the Northwest Territories. 

Refined zinc production was at an alltime 
high of 685,000 tons, up considerably from 
the 617,000 tons produced in 1983. The four 
primary smelters operated at about 98% of 
combined capacity in 1984. 

BMS, 64% owned by Noranda, milled 3.56 
million tons of ore at the No. 12 Mine, 
slightly more than the 3.41 million tons 
milled in 1983. Zinc production in concen- 
trate totaled 258,100 tons or about 21% of 
total Canadian production in 1984. BMS's 
ore reserves at yearend were 79.5 million 
tons grading 9.15% zinc, 3.72% lead, 0.31% 
copper, and 8.86 ounces of silver per ton. An 
additional 25 million tons of similar grade 
probable ore reserves was also indicated. 

Kidd Creek operated at full capacity in 
1984, milling a record high 4.51 million tons 
of zinc-copper ore, compared with 4.15 mil- 
lion tons milled in 1983. Zinc mine output 
was an estimated 210,000 tons of which 
about one-half was produced for sale in 
1984. Kidd Creek produced 122,000 tons of 
refined zinc at its 127,000-ton-per-year zinc 
plant. A program to upgrade the cell house 
in the zinc plant was expected to increase 
the capacity to 134,000 tons per year in 
1986. At yearend, ore reserves at the Kidd 
Creek Mine were 67.6 million tons aver- 
aging 4.9% zinc, 3.2% copper, and 2.1 
ounces of silver per ton. 

Zinc production at the open pit Pine Point 
Mine was 161,200 tons contained in 274,700 
tons of concentrate from milling 2.3 million 
tons of ore. All of the zinc concentrate was 
shipped to Cominco’s zinc smelter at Trail, 
British Columbia. Because pit development 
was limited, a study was underway to deter- 
mine the feasibility of underground mining 
of ore zones deeper than 300 feet in the 
western part of the mine. A decision on 
underground mining viability was expected 
by mid-1985. At yearend, ore reserves were 
22 million tons averaging 6.0% zinc and 
2.7% lead. In December, Cominco sold a 
number of shares in Pine Point Mines Ltd., 
reducing its ownership to 51% from 690% 

The Polaris zinc-lead mine, the world’s 
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most northerly metal mine, on Little 
Cornwallis Island, Northwest Territories, 
completed its second full year of production. 
In 1984, 819,000 tons of ore was milled, 
yielding 107,400 tons of zinc and 28,400 tons 
of lead in 211,000 tons of concentrates. The 
concentrate production was shipped mainly 
to Europe in the 12-week Arctic summer 
season when the sea was open for naviga- 
tion. Polaris' ore reserves were 20 million 
tons averaging 14.3% zinc and 3.8% lead at 
yearend. 

Cominco mined and milled a record high 
2.47 million tons of ore at its Sullivan Mine 
at Kimberley, British Columbia, producing 
170,000 tons of concentrate containing 
84,460 tons of zinc. Zinc production was 39% 
higher than that of 1983. Improved mechan- 
ization, higher mill throughput, and the 
milling of higher grade ores accounted for 
the production increase. In 1984, ongoing 
changes in mining techniques resulted in 
60% of the ore production being handled by 
mobile rubber-tired mining equipment. At 
yearend, ore reserves at the Sullivan Mine 
were 40 million tons averaging 6.8% zinc, 
4.4% lead, and 1.1 ounces of silver per ton. 

Rio Algom Ltd. was developing its East 
Kemptville tin-zinc-copper open pit mine in 
Nova Scotia. Production was expected to 
start in early 1986 at an annual rate of 
4,500 tons of tin, 2,400 tons of zinc, and 1,500 
tons of copper. Plans called for the mining 
of 14,000 tons of material per day—9,000 
tons of ore and 5,000 tons waste and low- 
grade rock. The 56 million tons of ore re- 
serves were expected to result in a 17-year 
mine life. 

Several mines, including the Polaris and 
Sullivan Mines, closed temporarily late in 
the year because of weak zinc markets. The 
Buchans Mine in Newfoundland, operated 
by Asarco, was closed permanently in Octo- 
ber upon depletion of ore reserves. In 1984, 
Buchans' zinc production in concentrate 
totaled 7,100 tons from processing 92,000 
tons of ore. Sherritt Gordon Mines Ltd. 
considered closing the Ruttan copper-zinc 
mine in Manitoba but decided to continue 
operations because of improved productivi- 
ty and receipt of a $7.5 million development 
loan from the Provincial government. In 
1984, Sherritt's Ruttan operation produced 
9,600 tons of zinc and 19,400 tons of copper 
in milling 1.4 million tons of ore. At year- 
end, Ruttan's ore reserves were 19.3 million 
tons averaging 1.46% copper and 1.30% 
zinc. Sheritt's Fox copper-zinc mine, also in 
Manitoba, produced 9,520 tons of zinc com- 
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pared with 7,600 tons in 1983, but was 
expected to close permanently at yearend 
1985 owing to depletion of ore reserves. 
Cyprus Anvil Mining Corp., a subsidiary of 
Dome Petroleum Ltd., continued an exten- 
sive, Government-supported, overburden re- 
moval project at its zinc-lead-silver mine 
near Faro in the Yukon in 1984 in prepara- 
tion for mining when market conditions 
become satisfactory.The mine typically had 
an annual output of about 135,000 tons of 
zinc until it was closed in June 1982 because 
of high cost. At yearend 1984, Dome an- 
nounced its intention to se]l the company's 
87.5% interest in Cyprus Anvil. 

Mexico.—México Desarrollo Industrial 
Minera S.A. (MEDIMSA) completed con- 
struction of a new 4,400-ton-per-day concen- 
trator at the San Martin silver-zinc-copper- 
lead mining complex in May. The new mill 
increased the total milling capacity to 6,800 
tons per day and made the San Martin 
Mine the largest underground mining oper- 
ation in Mexico. The expansion increased 
the mine’s annual zinc production capacity 
from 23,000 tons to 68,000 tons. In early 
1985, MEDIMSA planned to begin initial 
production at its new lead-zinc-silver Rosar- 
io Mine in Sinaloa State at a rate of 550 tons 
of ore per day. Annual production was 
projected to be 7,000 tons of zinc and 8,000 
tons of lead with appreciable silver. During 
1985, MEDIMSA also planned to complete 
the expansion of mining and milling facili- 
ties at its Charcos silver-zinc-copper-lead 
mine in San Luis Potosi State raising capac- 
ity to 3,500 tons per day from 1,300 tons. 
The expansion was expected to increase the 
mine’s annual zinc and lead production 
capacity to 38,000 tons and 10,000 tons, 
respectively. 

Peru.—Zinc mine output continued to 
increase in 1984 mainly owing to expan- 
sions of mines containing high silver values. 
Centromin Pert S.A., a Government-owned 
company, was carrying out a $61 million 
expansion program to increase the mining 
and milling capacities of the Casapalca and 
Andaychagua Mines. At Casapalca, the 
project consisted of a 770-ton-per-day in- 
crease in mine and concentrator ore capaci- 
ty to 2,700 tons per day. The expansion was 
expected to increase annual zinc, lead, and 
silver output by 8,000 tons, 5,000 tons, and 
900,000 ounces, respectively. Ore reserves at 
Casapalca were estimated to be 10.4 million 
tons grading 3.4% zinc, 1.7% lead, 0.4% 
copper, and 5.8 ounces of silver per ton. The 
Andaychagua project consisted of develop- 
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ing a new underground mining operation at 
the lower levels of Centromin's existing San 
Cristobal Mine and erecting a new 900-ton- 
per-day concentrator at the site to process 
the increased ore tonnage. The Andaycha- 
gua project was expected to yield annually 
16,000 tons of zinc, 4,000 tons of lead, and 
1.3 million ounces of silver. The Andaycha- 
gua ore reserves were estimated to be 1.7 
million tons averaging 5.1% zinc, 1.1% lead, 
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and 5.2 ounces of silver per ton. 

Sociedad Minera Gran Bretaña S.A. com- 
pleted construction of its 500-ton-per-day 
Contonga Mine and began initial produc- 
tion in 1984. Annual production was ex- 
pected to be 5,000 tons of zinc, 2,000 tons of 
lead, and appreciable copper and silver. Ore 
reserves were 2.5 million tons averaging 
5.5% zinc, 3.2% lead, 0.4% copper, and 4.7 
ounces of silver per ton. 


TECHNOLOGY 


The Bureau of Mines and the U.S. Geo- 
logical Survey published reconnaissance 
studies on the potential for zinc and other 
mineral resources in wilderness areas and 
other Federal Lands.* The Bureau also pub- 
lished an inventory of the amount and type 
of mill tailings created from lode-mine 
metals—copper, lead, zinc, gold, and sil- 
ver—on a State and county basis between 
the years 1911 and 1981.* Mine waste and 
mill tailings disposal practices and techno- 
logical advances and changes in the milling 
were discussed. 

The Bureau of Mines dismantled and 
shredded four makes of Japanese automo- 
biles to determine whether their materials 
composition, including zinc in die casts, 
rolled metal, brass, and other forms, would 
present problems for the current technology 
to process junk automobiles for metal 
recovery.” The study indicated that recy- 
cling Japanese automobiles would not pre- 
sent any special handling or processing 
problems to the steelmaking or secondary 
metal recyclers. 

A method for increasing the leaching rate 
of bulk superalloy scrap to facilitate recy- 
cling and recovery of critical metals such as 
nickel, cobalt, and chromium was inves- 
tigated. ii Superalloy scrap was melted with 
zinc resulting in a brittle intermetallic com- 
pound. The zinc was distilled away leaving 
a friable residue that was more easily 
leached with acid. Zinc-rich flue dusts gen- 
erated by nonferrous metal smelters and 
electric arc steelmaking furnaces were in- 
vestigated for direct use for electrogalvaniz- 
ing wire. i: Commercial trials resulted in a 
zinc coating with improved properties when 
compared with coatings obtained by stand- 
ard electrogalvanizing methods using virgin 
zinc. 

Zinc-based solders containing over 9096 
zinc were developed to make copper and 


brass automobile radiators lighter and 
stronger, and better able to compete with 
aluminum radiators. Zinc solders replaced 
lead-tin solders providing both weight and 
cost savings. A Bureau of Mines process to 
solder aluminum and aluminum alloys was 
developed that enables tin-lead solders to 
wet readily and spread over the areas to be 
joined.'* The cleaned aluminum substrate 
was bonded to a minute layer of zinc applied 
with an electroless zincate solution. A 
nickel-copper alloy coating applied over the 
zinc provided the suitable surface for the 
solder. 

Steel mills continued to add or modify 
galvanizing and zinc-coating lines in 1984. 
Electrogalvanizing capacity was increasing 
worldwide especially in the United States 
where more than 2 million tons of addition- 
al capacity, costing about $500 million, was 
expected by yearend 1986. A number of 
steel companies including two in the United 
States obtained licenses to produce Galfan- 
coated sheet. Galfan, composed of 95% zinc 
and 5% aluminum with some mischmetal, 
was replacing standard galvanizing, es- 
pecially in Europe, and was in competition 
with a Bethlehem Steel Corp. product, Gal- 
valume, a 55% aluminum-43.3% zinc-1.6% 
silicon coating alloy, used mainly in the 
steel sheet market. In 1984, there were 13 
Galvalume licensees worldwide with an 
estimated capacity of 2 million tons, up 
fivefold since 1976.5 Galvalume capacity 
was expected to rise to 3 million tons by 
1986. 

A comprehensive coverage of zinc-related 
investigations and an extensive review of 
current world literature on zinc extraction, 
uses, products, and research were contained 
in quarterly issues of Zinc Abstracts pub- 
lished by the Zinc Development Association, 
London, England.“ 


ZINC 


! Physical scientist, Division of Nonferrous Metals. 

3Mining Magazine. St. Joe's Balmat Mines. V. 150, No. 3, 
Mar. 1984. pp. 230-235. 

Zinc Institute. U.S. Markets for Zinc Diecastings 1979. 
1983. 1983, 10 pp. 

4. U.S. Automotive Market for Zinc Diecastings 

1978-1984. 1984, 2 pp. 
5 B . U.S. Market for Zinc Coatings 1982-1984. 1984, 

pP. 

Copper Development Association Inc. Annual Data 
1985. 1984, 20 pp. 
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18 American Metal Market. Red Metal Radiators Seen 
Better With Zinc Solders. V. 65, No. 45, Mar. 5, 1984, p. 8. 

14Falke, W. L., A. Y. Lee, and L. A. Neumeier. Develop- 
ment of a Soft-Soldering System for Aluminum. BuMines 
RI 8747, 1983, 15 pp. 

15Metal Bulletin (London). Galvalume Gears Up. No. 
6953, Jan. 15, 1985, p. 25. 

167inc Development Association. Zinc Abstracts. V. 42, 

Nos. 1-4, 1984, 392 pp. 


Table 3.—Mine production of recoverable 
zinc in the United States, by month 


International Lead and Zinc Study Group. Lead and (Metric tons) 
Zinc Statistics. V. 25, No. 5, May 1985, p. 40. 

March, S. P., S. J. Kropschot, and R. G. Dickinson (ed.). 

Wilderness Mineral Potential US. Geol. Survey Prof Month k oa 
aper 1300, 2 v., 1984, 1183 pp. 

Coppa, L. V. Copper, Lead, Zinc, Gold, and Silver Waste Popea 5-755705 0777 oe DU 
Disposal Activities and Practices in the United States. Maren 25.631 26.627 
BuMines OFR 4-85, Nov. 1984, 195 pp.; NTIS PBS5-1 54706. Aor. c 88 23.054 21 607 

10Sterner, J. W., D. K. Steele, and M. B. Shirts. Hand FFP 22,474 23,294 
Dismantling and Shredding of Japanese Automobiles To June -___ 21,137 19,749 
Determine Material Contents and Metal Recoveries. Bu- July ___________________ 20,163 20,528 
Mines RI 8855, 1984, 25 pp. August -—--------------- 24,043 16,751 

„R. Bureau of Mines Recycling Research. J. September ______________~- 23,07 14,927 
Mic v. 36, No. 7, July 1984, pp. 44, 143-144. Der co eu 23,938 21,260 
- Dattilo, M. Recycling Zinc Wastes for Electrogalvaniz November. --------------- 21,853 21,169 
ing. Pres. at the Fed. of Mater. Soc. Meeting, Recycling December______________~- 21,693 19,021 

5 and Constraints, Washington, DC, July 17- 
19, 1984. Available from M. Dattilo, Rolla Research Cen- Total_____------------ 215,294 252.768 

ter, U.S. Bureau of Mines, Rolla, MO 65401. 
Table 4.—Mine production of recoverable zinc in the United States, by State 
(Metric tons) 
State 1980 1981 1982 1983 1984 

Aroni oj d ee eee ee W 138 iss T" P 
California.  —— ß ee ie W E M: "m" 
Colorado 2 kk. 8 13,823 W W W W 
!!!! ͤ ³ĩ K ĩͤ LLL LC E 27,722 W W W W 
Minois S tae eye Pe aae he W W W W 
Fell 886 - W W W W 

f tr: LLL e E. 62,886 52,904 63,680 51,044 45,458 
Meents ee eei pe ldem 71 25 W ae "P 
7: n ⁊ĩͤ v UE SUE 2 EM "e 
New Jersey- - —--—----------------—--——— 28,859 16,198 16,800 16,475 

ew Mexico W W oe - un 
CUC A A 33,629 36,889 52,237 56, 748 
Pennsylvania 22,556 24,132 24,162 16,792 ES 
Tennessee 111.754 117,684 121,306 109,958 116,526 
ͤͥõͤ;Äͤöĩ·ĩÜ?1ẽ e ĩͤ LL d e. 1,576 zc: 2 W 
Virginis uu cou eh eru x 12,038 9,731 i ze om 
Wisconsin- ——. o --- - re LUE "E =e e ie 

%% el at 317,103 312,418 303,160 275,294 252,768 


W Withheld to avoid disclosing company proprietary data; included in “Total.” 
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Table 5.—Production of zinc and lead in the United States in 1984, by State 
and class of ore, from old tailings, etc., in terms of recoverable metals 


(Metric tons) 
Zinc ore Lead ore Zinc-lead ore 
State Gross Gross Gross 
weight Zinc Lead weight Zinc Lead weight Zinc Lead 
(dry basis) (dry basis) (dry basis) 
Arizona s cx iu W te W ET wags) 
Colorado ies MS ied an EM en W W W 
Idaho . i ER T W Ec W TN E nae 
Illinois AS M Zua PUR EN TAM E TE EM 
Kentucky W W 2t DA Pu e de EN 
issouri SM To 2 4,748,910 45,458 278,329 ae E AM 
Montana ues me E SE "- D ie. £5 . 
Nevada eme = "S MTM M m sss ae NS 
New Jersey W W mu ape ate a m a a 
New Vork W W W "OR Sp m = - Lc 
Tennesse W W W = cce on e me E 
Utah ________ W W W CMT e 8 — un Es 
Totaal 5,186,887 185,827 1,991 4,148,960 45,458 278,407 (£) (1) (1) 
Percent of total 
zinc or lead XX 74 1 XX 18 86 XX (1) (1) 
Copper-zinc, copper-lead, 2 
c opper-zin c-lead ores All other sources Total 
Gross Gross Gross 
weight Zinc Lead weight Zinc Lead weight Zinc Lead 
(dry basis) (dry basis) (dry basis) 
Arizona c" iem NN W aL W W TIE W 
Colorado i Rs weet av W W W W W W 
Idaoo M ET ER W W W W W W 
Illinois . T oe (3) W W (3) W W 
Kentucky ....- CR a NT d MS 2a W E 
issouri ex Hn Sauce t —— zu 4,148,910 45,458 278,329 
Montana us. ne nid W Es W W E" W 
Nevada zt E rM W mp W W dL W 
New Jersey = ee exu Se m 8 W W zr 
New Vork or 8 E ET a E W W W: 
Tennesse: W W ix NX MR -. 6,071,125 116, 526 W 
Uta rade 8 mS nee "MN P W W W 
Totaal (1) (1) -- 21,233,011 21,484 41,499 37,168,858 5252,768 321,897 
Percent of total 
zinc or lead XX (1) TR XX 8 13 XX 100 100 


W Withheld to avoid disclosing company proprietary data; included in “Total.” XX Not applicable. 

1Included with All other sources" to avoid disclosing company proprietary data. 

?Includes zinc and lead recovered from zinc-lead ore in Colorado and zinc recovered from copper-zinc ore in Tennessee 
to avoid disclosing company proprietary data. Also includes zinc and lead recovered from copper, gold, silver, and 
fluorspar ores and from mill tailings and miscellaneous cleanups. 

3Excludes tonnages of fluorspar from which zinc and lead were recovered as byproducts. 

*[ncludes items in Tennessee withheld to avoid disclosing company proprietary data. 

5Includes zinc recovered from classes of ore. 
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Table 6.—T wenty-five leading zinc-producing mines in the United States in 1984, 
in order of output 


Rank Mine County and State Operator Source of zinc 
1 |  Balmat .. St. Lawrence, Nx St. Joe Resources Co- Zinc ore. 
2 Elmo. Gordonsville — Smith, IWW Jersey Minière Zinc Co ; 
8 Buick —— s Iron, MW AMAX Lead Co. of Missouri Lead ore. 
4 Immel ox, TW. ASARCO Incorporated ... Zinc ore. 
5 Young uem Jefferson, IW c EET Do. 
6 Magmont Iron, MW 5 American Incor- Lead ore. 
rated. 
7 Pierrepont _________ St. Lawrence, NY _ st Joe Resources Co Zinc ore. 
3 Zinc Mine Works Jefferson, W United States Steel Corp Do. 
9 ICT ee am Sussex, NN The New Jersey Zinc Co. Inc Do. 
10 Leadville unit Lake, CO ______ ASARCO Incorporated Lead-zinc ore. 
11 New Market Jefferson, W o cr Zinc ore. 
12 0 A see e a, ee eee % ein es Do. 
13 Sunnyside _________ San Juan,CO ___ Standard Metals o Gold ore. 
14 Beaver Creek Jefferson, CW Inspiration Resources Corp Zinc ore. 
15 Fletcher Reynolds, MO St. Joe Lead Co __ _____- Lead ore. 
16 Viburnum No. 29 Washington, = ste Sido 33 Do. 
17 Lucky Friday: Shoshone, ID. Hecla Mining Co Silver ore. 
18 Rosiclare _ Hardin and Pope, Ozark-Mahoning Co Fluorspar. 
19 Viburnum No. 28 Iron, MO ______ St. Joe Lead co ae ore. 
Brushy Ress Reynolds, MW 3 8 
21 W 3 Polk, TW Tennessee Chemical Co . ore. 
22 Viburnum No. 35 Iron, MKW St. Joe Lead Co ore. 
23 Black fine Granite, M1 Black Pine Mining Co Silver ore 
24 Eisenhower Pima, AZ______ Eisenhower Mining Co- Copper ore 
25 Mission ic dgio cotes ASARCO Incorporated Do. 


Table 7.—Primary and redistilled secondary slab zinc produced in the United States 


(Metric tons) 
1980 1981 1982 1983 1984 
Primary: 
From domestic ore s 231,850 259,835 193,284 210,315 197,912 
From foreign ores -———---------------—-- 108,606 86,728 34,892 25,379 55,220 
e emule nU aM E ide ted et 340,456 346,563 228,176 235,694 253,132 
Redistilled secondary: 
At primary smelters __________________- 13,113 14,438 42,418 . 40,545 44,930 
At secondary smelteers 16,283 35,754 31,870 28,845 33,183 
p as ote ie Ce eee a oy 29,396 50,192 74,288 69,390 78,113 
Grand total (excludes zinc recovered by 
remelting zzz 369,852 396,755 302,464 305,084 331,245 


Table 8.—Distilled and electrolytic zinc, primary and secondary, produced in 


the United States, by grade 
(Metric tons) 
Grade 1980 1981 1982 1983 1984 

S High -------------------------———- 148,384 137,210 112,648 95,395 123,325 
)))) 8 552 51, 31,076 78,511 71,892 
Continuous Galvanizing ______________________ 45,275 55,008 51,739 50,661 ,200 
Controlled Lead |... LLL LL LLL LLL c 18,650 38, 7,612 10,231 9,384 
Prime Western ___________________________ 132,91 113,887 98,389 70,286 78,444 
Total. cuc ² ͤQA1 ] ꝛ AAA ³· Oe 369,852 396,755 302,464 305,084 331,245 
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Table 9.—Annual slab zinc capacity of primary zinc plants in the United States, 


by type of plant and company 
f Slab zinc capacity 
Type of plant and company Plant location (metric tons) 
1983 1984 
Electrolytic: 
AMAX Zinc Co. Ine Sauget IL ————— uie 16,000 16,000 
ASARCO Incorporated! Corpus Christi, 1 104,000 104,000 
Bunker Ltd) Kellogg, ID. - ----------------- 103,000 103,000 
Jersey Minière Zinc o0o Clarksville, “(.... 82,000 82,000 
St. Joe Resources Coo Bartlesville, OK... . 51,000 51,000 
Electrothermic: 
St. Joe Resources Coo Monaca, Pihl 91,000 91,000 


1Zinc plant closed in Oct. 1982, reopened in May 1984. 
27inc plant closed in Dec. 1981. 


Table 10.—Secondary slab zinc plant capacity in the United States, by company 


Capacity 
Company Plant location (metric tons) 
1983 1984 
Arco Alloys Cord Detroit, Ml... ee ee 
W. q. Bullock Ine Fairfield, 4 ee 
T. L. Diamond & Co. Inc- - „ Spelter, WV _______________-__ 
Gulf Reduction Cord ouston, Il... „ 
Hugo Neu-Proler COoO0o Terminal Island, aaa 
Huron Valley Steel Cord Belleville, MI .. . . .........- 95,000 95,000 
Interamerican Zinc Co |... Adrian, Ml 
The New Jersey Zinc Co. Ine Palmerton, PA il 
Pacific Smelting ooo Torrance, CA ----------------- 
|» EM c EC Memphis, WWW. 
Prolerized Schiabo Neu Co - - - - -- -----—-- Jersey City, NJ ~- -------------- 
Table 11.—Stocks and consumption of new and old zinc scrap in the United States 
in 1984, by class of consumer and type of scrap 
(Metric tons, zinc content) 
Consumption 
Class of consumer and Stocks, Receints . Stocks, 
type of scrap Jan. 1 P New Old Total Dec. 31 
scrap scrap 
Smelters and distillers: 
New clippingns c 23 877 873 = 873 27 
Old üne oo ⅛˙’ẽ⅛6Üm! hi es 280 1,430 1,310 1,310 400 
Remelt zinc --------------------- 135 5,957 5,957 = 5,957 135 
e plates 634 e 621 621 66 
and die crazy 992 9,049 e" 8,049 8,049 992 
Diecastings . gs 1,620 12,804 ics 12,838 12,838 1,586 
Fragmentized diecastings __ - - -- -----—- 3,100 25,423 em 25,514 25,514 8,009 
Remelt die-cast slab |... 642 12,524 TER 12,524 12,524 642 
Skimmings and ages 37,543 88,715 93,354 ae 93,354 32,904 
Sal skimminn gs _~- 21 2,816 2,637 SN 2,637 
Die-cast skimmings_ 2% geek tie uS SEM EE 1,802 6,139 5,930 x 5,930 2,011 
Galvanizers’ dross 12,758 44,140 48,882 " ,882 8,016 
Pile Gust <= c . 3,154 6,435 6,354 T" 6,354 235 
Chemical residues 295 2,678 2,678 a 2,678 295 
„ See 63 1,371 1,371 T 1,371 63 
z a 62,481 214.992 168, 036 55, 856 223,892 53,581 
Chemical plant, foundries, other manufacturers 
Old finessa oet oen aee 10 24 NS 24 24 10 
Diecastings _____._____-______-_- 18 552 ce 552 552 18 
5 and ashes 1.609 4,010 4,731 A 4,131 888 
Sal skimmng ggg 2,617 2,310 3,326 els 3,326 1,601 
Die-cast sximmingaa - - ------—---—— em 182 182 m 182 eem. 
Galvanizers’ dross _________________ 2 100 100 a 100 2 
FU ooo his ẽmwwwu. ev 497 5,093 5,283 m 5,283 307 
Chemical residues 9 476 476 NM 47 9 
i p = 1 1,116 1,117 A 1,117 on 


Total: n 8 4,163 18,863 15,215 516 15,791 2,885 
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Table 11.—Stocks and consumption of new and old zinc scrap in the United States 
in 1984, by class of consumer and type of scrap —Continued 


(Metric tons, zinc content) 


Consumption 
Class of consumer and Stocks, Reseipis Stocks, 
type of scrap Jan. 1 P New Old Total Dec. 31 
scrap scrap 
All classes of consumers: 
New clippings - ___________._______ 23 877 873 T" 873 27 
Oldzinc. ~~~ LLL 290 1,454 ers 1,334 1,334 410 
Remelt zingqgagaklkakak.k. — 135 5,957 5,957 PM 5,957 135 
Engravers’ plates 53 634 cg 621 621 66 
and die scrap. -~ —---------------- 992 3,049 e 3,049 3,049 992 
Diecastings _____________________ 1,638 13,356 EM 13,390 13,390 1,604 
Fragmentizeddiecasting . 3,100 25,423 UR 25,514 25,514 3,009 
Remeltdiecastslab |... . 642 12,524 me 12,524 12,524 642 
Skimmings and ashes 39,152 92,725 98,085 zc: 98,085 33,792 
Salskimmings |... 2,638 5,126 5,963 e" 5,963 1,801 
Die-cast skimminga ........- 1,802 6,321 6,112 m 6,112 2,011 
Galvanizers’ dros 12,760 44,240 48,982 te 48,982 8,018 
Flue due 3,651 11,528 11,637 c. 11,637 3,542 
Chemical residues 304 3,154 3,154 EM 3,154 304 
Others n oum my niet eie et 64 2,487 2,488 aoe 2,488 63 
Total- PETERE REP 67,244 228,855 183,251 56,432 239,683 56,416 


Table 12.—Production of zinc products from zinc-based scrap in the United States 


(Metric tons) 
Product 1980 1981 1982 1983 1984 
Redistilled slab zin aaa 29,396 50,192 74,288 69,390 78,113 
Zinc dust ose oe dou eo te te ³ AA a 35,557 39,626 25,296 34,773 40,697 
Remelt Zio -onana Aa ee 229 195 69 66 71 
Remelt die-cast slab ______________________ Le 3,568 6,722 3,905 3,109 3,380 
Zinc die and diecasting allonszzzz 4,146 6,902 5,366 6,535 6,112 
Galvanizing stocks _____________________~-~__-__- 2,461 2,612 2,507 2,801 2,368 
Secondary zinc in chemical products. _ 55,890 62,557 61,827 59,085 66,474 
"Revised. 


Table 13.—Zinc recovered from scrap processed in the United States, by kind of scrap 


and form of recovery 
(Metric tons) 
1983 1984 
KIND OF SCRAP 
New scrap: 
J1(J111177öĩÄ˙r5Äũ ee 152,653 182,976 
Copper: DADOA ec ³ AAA eu A 88 119,590 134,699 
Magnesium- base 131 130 
77Äͤ a ͥ ²¹W ʃwWwWwWwwqßͥ ] ⅛ -—..!; hk 0 e sse Er 272.374 317,805 
Old scrap: 
INC DANCE o i« ff m M ³ M D E LU ED REL tI 51,255 55,447 
Copper based. ste ce eh a re eh 24,431 24,763 
Aluminum baseedddglll k 349 334 
Magnesium-based |. Til „„ „„ 218 220 
Total ctt EL ⁰ 1A A pia te 16,253 80,764 
Grand total oo set LV LU ce LACE 8 948,627 398,569 
FORM OF RECOVERY 
As metal: 
By distillation: 
Slab a al o aE AEE ce ra ai rey E ³·¹¹ ͤ ³ N y xL IU E 69,390 18,113 
el.... wr lee EL 86 134,773 40,697 
By remeli ae ha eui inp oe es A a ð E i Le M D 2,867 2,438 
Total ss ATT aha et AL ee 1107, 030 121,248 


See footnotes at end of table. 
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Table 13.—Zinc recovered from scrap processed in the United States, by kind of scrap 
and form of recovery —Continued 


(Metric tons) 
1983 1984 
FORM OF RECOVERY —Continued g 
In zinc- based alloy 9,644 9,492 
In brass and Cſſ/Gõͥ(öõüõͤüöüͤũũũ ³ðᷣAdſͤ E 7172, 065 200, 539 
In aluminum- based alloyhhhWss „„ 454 466 
In magnesium-based alloeezdʒdʒdꝛ „ 349 350 
In chemical products: 
Zinc oxide (lead free) su Le ð y ee eee Sees 33,196 40,072 
r . . a ee ee ac 14,975 13,687 
r eL dd uei s UA eee 10,207 12,398 
Mell. ⅛ð eiae ²mt Lu Sa tL E 101 317 
J!; ⁰ AA MN 8 1241, 597 211,321 
Gade ð 348,627 398,569 
r Revised. 
Includes zinc content of redistilled slab made from remelt die-cast slab. 
Table 14.— U.S. production of zinc dust? 
, Value 
Quantity —————————— 
Year (metric Total Average 
tons) (thou- per 
sands) pound 
1980 re 42,640 $41,202 $0.438 
1981__-_----- 43,734 ,801 .558 
19882 37,516 49,327 .596 
1983 —.—— 252 140, 508 145,849 513 
1 en 46,487 67,846 .662 
"Revised. 
1Does not include zinc dust produced for internal plant 
use. 
Table 15.—U.S. consumption of zinc 
(Metric tons) 
1980 1981 1982 1983 1984 
Slab ZING cs dd tet i: 811,146 840,875 109,491 805,891 848,903 
Ores and concentrates (zinc content!) 58,986 60,643 35,515 38,287 47,687 
Secondary (zinc content 272,277 287,851 208,105 276,370 318,018 
Total 22 oe ee eee eee 1,142,409 1,189,369 953,111 1,120,548 1,214,558 


Includes ore used directly in galvanizing. 
2Excludes redistilled slab and remelt zinc. 
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Table 16.—U.S. consumption of slab zinc in 1984, by industry and grade 


(Metric tons) 
Special i Continuous 
A High Controlled Prime 
Industry 1 Grade Graver sing Lead Grade Western Remelt Total 

anizing __________ 59,362 51,206 53,783 39,794 169,740 1,738 375, 623 
Zinc-based alloys s 230,505 2,057 MN ET 22 48 232,632 
Brass and bronze ______—_ 62,211 45, 221 160 213 13,940 3,849 125,594 
Rolled zine 41, ES E. 15,434 e TN 56,886 
Zinc oxide 37,038 on ae) BIS E m 37,038 
Other 18,573 1,789 MAN MER 768 oc 21,130 
Total... 449,141 100,278 53,948 55,441 184,470 5,635 848,903 


Table 17.—U.S. consumption of slab zinc, by industry and product 


(Metric tons) 
Industry and product 1980 1981 1982 1983 1984 
Gal 
Sheet and stri sss 220,744 248,006 204,519 230,541 222,872 
Wire and wire rode 22,748 22,119 17,180 18,328 18,430 
Tubes and pipe... ~~. ._ -__ 2222 37,075 89,418 ,922 84,907 : 
Fittings (for tubes and pipe) 7,394 6,369 5,707 5,990 4,446 
anks and containers 3,297 5,781 6,507 4,195 
Structural shapes 33,376 667 28,816 29,822 95,494 
Fasteners ~- -—------------------ 3,189 3,693 2,898 2,614 2,518 
Pole-line hardware _.___...___..._. - 4,078 3,788 2,955 3,013 3,326 
encing, wire cloth, netting ------------ 16,022 17,722 17,830 15,916 12,644 
Other and unspecified uses 31,304 30,484 21 810 ; 82,886 
/// ²·˙A AAA — HR 379,227 411,047 842,044 873,179 375,623 
Brass and bronze products: 
Sheet, strip, I CCC 37,730 42,006 31,718 48,083 55,583 
Rod and wirre 82,554 86,639 26,551 32,387 34,231 
EEE eta Saath 6 4,702 6,440 3,465 4,058 4,750 
CORDES ane and perum V——— ⁵ ⁵⁵K EERE 2, 808 2,880 2,211 1,499 9,726 
Copper eset a OUI PRINS OR FRETUM 17,190 20,167 18,278 16,405 19,446 
Other copper- based products 3,842 4,854 3,915 ; : 
f/ ³˙¹—dwww RS n Eee 98,826 112,986 81,138 107,935 125,594 
inc-besed alloys: 
Diecasting pik M IEE EON 8 248,024 234,957 191,607 204,820 216,306 
Dies and rod alloys __________.-__--- 2% SS um m ,066 
Slush and sand-casting alloys -~ ~~ 6,203 8,408 6,147 8,071 14,660 
zz cen e us 254,221 243,865 197,754 212,891 232,632 
Rolled zin 21,100 123,156 137,168 156,291 156,886 
Zinc oxide 27,047 25,657 82,374 36,201 37,038 
Light-metal alloys T E Re oO 8 11,187 8,183 8,326 12,588 14,922 
Miscellaneous 19,582 16,481 10,687 6,856 6,208 
)%%öéͤjA k 8 30,719 24,664 19,013 19,394 21,130 
Grand total _____...______-___- 811,146 840,875 709,491 805,891 848,903 


1Includes zinc used in penny production. 


?Includes zinc used in making zinc dust, wet batteries, desilverizing lead, powder, alloys, chemicals, castings, and 
miscellaneous uses not elsewhere mentioned. 
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Table 18.—U.S. consumption of slab zinc in 1984, by State 


(Metric tons) 
— . 
1ͥ K E 13,207 1,735 ER zc 14,942 
61 unes Eae ee EN W W 
California 23,658 2,256 W W 41,884 
Colorado LONDRES Once et W W W 1,454 
)))!!! K EA 1,880 9,463 W W 17,584 
Delawarttneõeee „ W . "o Ta W 
eal o o eL M^ = W — * 
Hawall.. ——————— ³iui ems W as e W 
Hire 88 49,942 18,772 37,391 15,874 121,979 
Indiana p IPIE 62,657 | W 99,283 
10W6 ER EE ⁵¼ eee ee ee 2 W W W 
JJ; ⁵ ß EOM W Euer W 
P; ILS 16,564 x ae et 16,564 
Louisiana .—— nuc mcm mau E W HN 3,036 
Maine ——— NOS € ES en A W 
Maryland --—---------------------- 12,919 8 As s 12,919 
Massachusetts _______________-_---_-_- 2,966 » W 3,865 
, noce | d 11,934 42996 _— W 55,922 
i Ln Sa E A E NE E MEE „ ed DUTIES e eee 
//, ce W SE 2 ya W 
MisS0UFi — ee 8 W "M m W 3,211 
Nr ee 8 W 2 W 8,744 
, -- ----------------- 1,500 5,492 7,014 1,839 15,845 
e . 18,644 17,753 80,370 1,552 118,819 
North Carolina. W d W W 
Ohio unir Ee cL 51,801 W 40,612 W 102,686 
Oklahoma_____________________-_-~ 3,042 oe NS 641 3,683 
%%%/;rö˙ĩê.. d ee W "e" W 1,071 
Pennsylvania. - - - - --- ---------------—- 47,650 6,847 W W 83,086 
Rhode Island _—- ——- ------------------- S W W W 
South Carolina 2,125 NE ae E 2,125 
Tennessee... ____ „„ mis W W 49,546 
Rr MCLAREN 11,487 W W W 11,652 
Uth A CERE UMOR W n ius 1,889 
23322 AAT A 8 W W W 
C77ö§Ü5aẽ: e LE W Tee T W 2,102 
West Virginia W cs Pen W 18,461 
Wisconsin. ____._____~ ~~. __------- 848 767 W W 8,498 
Undistributed __._______________--_--_ 41,655 46,726 24,197 95,150 17,829 
Totalt — a ( ee 373,890 121,745 232,580 115,056 843,271 
W Withheld to avoid disclosing company proprietary data; included with “Undistributed.” 
Uncludes brass mills, brass ingot makers, and brass foundries. 
*Includes producers of zinc-based alloys for diecastings, stamping dies, and rods. 
®Includes slab zinc used in rolled zinc products and in zinc oxide. 
“Excludes remelt zinc. 
Table 19.—Rolled zinc produced and quantity available for consumption 
in the United States 
(Metric tons) 
1983 1984 
Production:! 
Photoengraving plate „ W W 
Strip and f/hſhh́ /f ðVd E weg e W W 
elle ðVÜö--- Se trol 54,980 55,633 
%%Cͤͤͥ a a i seus ð y r y E C: 9 
Doy" MEMOREM NE ES ESCORT FORME ER y Ya PEE 31 
Available for consumptioůuůunn ns „ 58,029 52,348 


W Withheld to avoid disclosing company proprietary data; included in Total rolled zinc.“ 
lFigures represent net production. In addition, 39,251 tons in 1983 and 40,855 tons in 1984 were rerolled from scrap 
originating in fabricating plants operating in connection with zinc-rolling mills. 
cludes other plate over 0.375 inch thick, sheet zinc less than 0.375 inch thick, and rod and wire. The Bureau of Mines 
is not at liberty to publish separately. 
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Table 20.—Production and shipments of zinc pigments and compounds’ in the 


United States 
(Metric tons) 
1983 1984 
"redu Shipments a Shipments 
Zinc oxide -————------------—------—-—---————_——- 129,596 135,054 150,623 146,918 
Zn 8 39,287 34,986 37,408 37,112 
Zinc chloride? _______________________________ 121,128 120, 896 25,664 26,105 


TRevised. 
1Excludes leaded zinc oxide and lithopone. 
?Includes zinc content of zinc ammonium chloride. 


Table 21.—Zinc content of zinc pigments! and compounds produced by 
domestic manufacturers, by source 


(Metric tons) 
1983 1984 
Zinc in pigments and com- Zinc in pigments and com- 
pounds produced from—- pounds produced from— 
Slab Seconda Fota Slab Second a 
a ondary a ondary 

Ore Zinc . material Ore zinc material 
Zinc oxide 34,531 36, 201 33,196 103,928 43,450 37,038 40,072 120, 560 
Zinc sulfate ________ _ W UN 15,910 15,910 W n 15,150 15,150 
Zinc chloride P RN 710,207 110,207 oe ie 12,398 12,398 


TRevised. 

W Withheld to avoid disclosing company proprietary data; included with “Secondary material." 
!Excludes leaded zinc oxide, zinc sulfide, and lithopone. 

2Includes zinc content of zinc ammonium chloride. 


Table 22.—Distribution of zinc oxide shipments, by industry 


(Metric tons) 
Industry 1980 1981 1982 1983 1984 

Agriculture- ß LI 6,930 7,328 3,929 2,569 2,380 
II M La mL CE cue Ri ci iia 5,702 7,822 5,215 5,987 1,412 
Chemical 17,551 20,561 19,432 19,217 23,611 
HII ³˙ . 12, 165 12,346 9,283 9,716 8,117 
Photocopying ---------------------—--—-— 9,604 10,308 9,516 10,239 9,246 
RU nec pen Edi Luis 8 61,796 69,364 62,923 67,971 19,390 
Other ³ ůũꝶ :.... a a a a 22,028 21,222 17,136 19,355 16,702 
Total. s: n e tie utu D UL cu LU E t 135,776 148,951 127,434 135,054 146,918 


Table 23.—Distribution of zinc sulfate shipments 


(Metric tons) 
Year Agriculture Other Total 
Jö. ———  ————————— "e E 30,928 6,951 31,879 
IONA teat ALL EEEE A A EIEE A LA 29,882 9,040 38,922 
ôö·Ü i Lr eR CE We cC nT en gee ne Es NE 29,373 5,613 34,986 


TIB o en eee ( 8 28,162 8,950 31,112 
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Table 24.—Stocks of slab zinc in the United States, December 31 


(Metric tons) 
1980 1981 1982 1983 1984 
Primary producers __________________-____-_--_- 18,190 41.124 30,381 20,750 42,025 
Secondary producers 4.362 3.540 3,831 3,149 4,303 
Consumer -oe no hi ee 69,599 81,917 11,565 89,041 12,506 
Menn ꝛ ¼ ETE 33,650 68, 773 41,391 35,199 18,792 
r ee eru I CLOUD cm 125,801 195,354 159,174 148,139 137,626 


Table 25.—Consumer stocks of slab zinc at plants in the United States, 


December 31, by grade 
(Metric tons) 
Special , Continuous ; 
: High yn Controlled Prime 
Year igh Galvanizing Remelt Total 

Grade Grade Grade Lead Grade Western 
1989... uno ene 43,685 10,077 4,510 5,700 24,922 147 89,041 
1984. — a te 40,296 6,310 3,963 2,284 19,437 216 72,506 


Table 26.—Average monthly U.S., LME, i and European producer prices for 
Prime Western zinc and equivalent 


(Metallic zinc, cents per pound) 
1983 1984 

Month United LME European United LME European 

States? cash producer States? cash producer 
JBDURTY acu ß I CL E E 38.61 31.68 36.29 49.22 43.41 44.45 
FFP»! ³¹ ] K k memi: 38.62 30.88 34.02 50.61 45.26 47.63 
homo celu - 8 37.90 30.75 34.02 51.07 47.16 41.63 
JJ11171111ͤöÜĩõ³5—6 «] ³¶ 38.00 31.61 34.02 51.90 45.52 49.44 
!!! e . a cael 38.11 33.34 34.02 52.77 45.38 49.44 
Eͥ Ä —˙VVwiiln 8 39.46 32.56 35.38 52.45 42.67 48.90 
!ͥ⁰ ).. su ine E 40.01 33.54 35.38 49.52 38.70 45.34 
) ð d ĩ 8 40.56 36.67 36.88 47.85 37.81 44.91 
September 42.98 37.98 39.92 46.42 39.31 43.12 
October ³o¹¹AAͥ ³Ü¹wmꝛAꝛAA ͤ K K ⁰ eda ES 46.11 38.93 40.53 44.19 38.09 40.64 
November 47.55 38.97 41.96 43.60 38.67 40.82 
Deen! 8 48.74 38.85 43.09 43.62 38.87 40.82 
Average- - ------------------- 41.39 34.73 37.18 48.60 40.46 45.30 

London Metal Exchange. 


*Based on High Grade zinc delivered. 
Source: Metals Week. 


ZINC 983 


Table 27.—U.S. exports of zinc and zinc alloys, by country 


1982 1983 1984 
Country Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) 
Unwrought zinc and zinc alloys: 
Argentina ______________ a m (3) $3 m" x 
Australia 2 88 12 46 (i) $2 
Belgium- Luxembourg 16 1) (1) 1 
Canada________________ 260 573 416 162 88 222 
Chile: ge ee ee Ba x Mer 3 57 398 419 
Costa Ria 21 35 12 21 5 12 
Dominican Republic __ —_ _ —~ _ — 2 3 2 4 7 8 
Ecuador _______________ 1 4 —— M (1) 1 
Egypt So oe A eeu 2 6 EH c 1 4 
El Salvador T — 2 3 6 12 
France ________________ 3 10 1 2 6 12 
Germany, Federal Republic of ee ae 1 2 16 35 
Guatemala... - 3 6 rm M 1 1 
Honduras |... Ex n 1 4 E NER 
Hong Kong (1) 1 E — 2 25 
Israel oun EE 3 14 EN SN 1 3 
ItBly o aesti (1) 1 2 14 2 
Japan 75 83 28 76 166 220 
Korea, Republic off 1 28 15 56 108 96 
Leeward and Windward Islands _ "m M 1 2 (1) 6 
Mexico ________________ 175 507 4 17 73 137 
Netherlands_____________ 5 27 E E (1) 1 
New Zealand lee (1) 3 1 7 5 21 
Pana 5 16 10 17 40 63 
Perni //§ĩ’‚/⸗—WsW. ⁰ tni (1) 10 (1) 1 5 10 
Philippines 3 6 (1) 1 1 3 
Saudi Arabia ____________ 50 171 108 277 6 14 
Singapore 1 3 40 131 2 4 
South Africa, Republic of 4 11 3 8 ae ise 
Spain ---------------—- (1) 1 S EN 22 24 
5 r RUN 60 253 72 377 2 6 
Taiwans 442 490 288 260 361 332 
United Arab Emirates one me 6 12 om A 
United Kingdom .. -------- T3 293 41 181 8 34 
Venezuela ______________ 1 18 4 14 2 4 
Other ---------------— - r7 r51 T16 138 14 46 
Total. uu ole eee 1,204 2,648 1,089 2,395 1,348 1,798 
Wrought zinc and zinc alloys 
Argentina ______________ 22 56 17 38 19 53 
Australia... 6 15 8 26 6 
Austria 4 14 5 17 2 
Bahamas. s (1) 3 8 12 46 53 
Belgium- Luxembourg (1) 1 2 14 1 6 
Bermuda (1) 1 md MR (1) 1 
Brazil i oh ie 0m 16 " 71 
Canada 893 1.512 1,221 1,762 769 1,571 
CHG ios Seas cite eden 1 ze d. 
Colombia... 40 96 14 42 24 56 
Denmark PM m (1) 15 " — 
Dominican Republic _ _ _ (1) 1 9 10 8 29 
92 COEPTIS 15 63 9 30 12 35 
Tr RE (1) 1 11 25 1 4 
El 9 33 ares ea ate en 8 21 12 36 3 14 
Finland________________ 3 1 2 14 TIEN TOM 
France. cur c Se 18 23 5 9 4 6 
Germany, Federal Republic of mae wet 1 2 1 1 
Guatemala... 3 10 1 3 1 5 
Guyana 2 8 5 11 5 9 
Hong Kong _____________ 1 3 3 4 1 2 
Indies 166 157 9 22 19 21 
1/Cõͥĩ¹˙ E cr. M 4 7 E ae 
Israel -—--—------------— 12 26 e oe 1 9 
) ee 5 13 mw "— 1 3 
Jamaica EN UR 3 10 on eX 
Japan. c es 153 156 39 55 15 25 
Korea, Republic off (1) 3 (1) 1 (1) 2 
Kuwait (1) 1 "s T MB i. 
Leeward and Windward Islands _ 2 4 25 22 43 33 
F ·i i neos » D 119 340 1 1 
Mexico ________________ 221 4 147 395 387 932 
Morocco _______________ ae SPA 2 5 ER Eyes 
Netherlands_____________ 1 1 "S x 2 2 
Netherlands Antilles 1 1 2 16 19 23 
New Zealand ____________ 1 3 =e EM TET Ed 
Nicaragua ______________ PEN E 25 42 4 14 
Pakistan _______________ 5 31 3 8 1 4 
Panama _______________ 3 8 1 3 4 10 


See footnotes at end of table. 
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Table 27.—U.S. exports of zinc and zinc alloys, by country —Continued 


1982 1983 1984 
Country Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) 
Wrought zinc and zinc alloys — 
Continued 
C ee Se ees 9 $28 4 $6 ies — 
Philippines . ----------- 15 45 34 108 12 
ill (1) 2 ae ER e m 
Saudi Arabia 56 153 28 72 9 16 
ingapore 76 188 H 2 3 15 
TRIER et es 22 Ee e 
South Africa, Republic of — — — 49 133 13 42 95 8 
Spain _________________ 30 74 6 22 "S MAR 
Sri Lanka 5 18 4 12 1 2 
Switzerland ____________ _ (1) 8 E P 46 180 
Taiwan... 2222222222 17 51 72 123 92 177 
Trinidad and Tobago 4 21 A . 15 42 
United Arab Emirates 1 4 1 12 2 5 
United Kingdom 113 268 90 218 33 142 
VWA Lee 8 16 EM "NT 4 13 
Venezuela. 10 54 5 12 4 21 
Zimbabwe T i ef i 86 79 
Other - ou es 128 163 122 1153 28 61 
Total. ------------—- 2,023 3,199 2,003 8,805 1,815 8,947 
lLess than 1/2 unit. 
Table 28.—U.S. exports of zinc 
Ores and Blocks, pigs, — etc. — 
concentrates nwroug 
Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) 
JUR) oc ht eet ee 71,289 $32,534 341 $547 863 22,101 
INS s eoo cem 60,168 22,868 421 801 662 1,594 
17öĩo %⅛ -K t yy 30,579 13,353 760 975 588 823 
W ht zi d zinc all 
D Waste and scrap Dust 
Sheets, plates, Angles, bars, (zinc content) (blue powder) 
strips pipes, rods, etc. 
Quantity Value Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
1982 2 · uum 995 $2,351 1,028 $1,448 29,424 325,309 2,066 $3,201 
77770 o to e eros 957 2,142 1,046 1,663 28,255 15,389 1.914 3,000 
1984 ⁰ZA 975 2,421 840 1,526 39,146 20,360 2,933 3,511 
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Table 29.—U.S. exports of zinc ores and concentrates, by country 


(Zinc content) 


1983 1984 
Country Quantity Value Quantity Value 
(metric (metric 
tona) (thousands) tons) (thousands) 
Iͤͤĩõĩ§ĩ§[k0! k onte ca ec na E 3,124 $1,887 -— age 
BUG he ³ͥ⁰²m md ed 9,934 3,900 3,028 $1,801 
Canada a ts etn Be 88 39,781 15,061 19,102 8,360 
Dominican Republik (1) 1 m od 
Ecuador ³»—wm¹¹ ³ð es (1) 1 AC oe 
El Salvador- -- -2-2-2 1 3 um "n 
IC tmome Ec Ae MUR eee 20 13 
Jamaica _ nt ͤ·ł v.... 8 19 21 38 56 
Korea, Republic of „ 115 99 33 19 
Mek ⁵ð - ER Seek Des st. 2,574 866 
Netherlands 29 16 D E 
Philippines .— ðͤ v So iia E (1) 2 mos ur 
Saudi Arabia 4 3 t 2 
SDBljouo d en scc LU Mar E LUE M e 3,500 630 Sn S 
Sweden - scum oc tecti rue e 1 3 
JGG —— wf ͤ A et ce A  II 22 15 use Eos 
C6ðʒꝝ] o A ANA E PS 5,183 2,235 
Yugoslavia oc es 8 3,039 1,229 8 T 
Tolk Lh r˙ ęę Ä e E eie 60,168 22,868 30,579 13,353 
1Less than 1/2 unit. 
Table 30.—U.S. general imports of zinc, by country 
1982 1983 1984 

Country Quantity Value Quantity Value Quantity Value 

(metric (thou- (metric (thou- (metric (thou- 

tons) sands) tons) sands) tons) sands) 

ORES AND CONCENTRATES 
(zinc content) 
un RE NE MC NE NE. 
NEGA 1 4 4, à : š 

Cc ⁵ A eee 10 15 jene Tem 
Colombia. ne 20 3 Ec Zyl ae ae 

Germany, Federal Republic of 7,925 4,431 6,552 1,067 2a Z 
Honduras s- 6,303 2,117 12,632 3,920 10,352 4, 365 
Mexico __________________ 15,381 6,376 17,887 4,518 20,125 6,650 
^a oa Se 8 6,272 2,498 9.136 3,208 17,610 7,100 
South Africa, Republic of =e S2 IS V JU, I88 2, 633 
ff ote i a 49,344 20,877 62,210 17,211 95,567 36,643 

BLOCKS, PIGS, OR SLABS? 

Algeria c ee 6,499 5,578 2,051 1,846 403 374 

Argentina _______________- 2,002 1,547 bee c eu — 
Australia 26,336 20,272 30,537 23,331 23,188 23,292 

Austriá.-. v m — 102 87 om 2 
Belgium- Luxembourg 1,555 1,461 5, 820 3,787 3,366 2,150 
Brazil... 8 10,500 9,680 e "ee 3,280 4,260 
Canada `- -—--------------— 239,839 200,731 307,156 263,145 340,380 351,715 
Chini e eaan 258 2 FN NE EP an 
fr ²˙• 7˙ixg᷑ ns = ote » E 1,811 1,082 
Finland... cl 20,774 16,514 20,402 20,614 15,953 16,197 
France ue sc LE 5,377 4,682 8,932 6,858 12,923 12,807 
Germany, Federal Republic of 4,702 3,621 29,675 23,645 27,930 27,543 
. ⁵ educa Lec — py 99 84 
TANYA Se le oe ee 6,500 6,853 11,913 9,483 13,719 12,270 
/ ed ent a sh tee 741 643 a aa 3,000 3,050 
Mexico --—------------—-— 21,819 16,521 56,029 44,433 56,221 55,352 
Netherlands 1,121 5,688 21,544 16,546 17,296 16,284 
Netherlands Antilles eee n 100 85 AL E 
Nige!esn eue = = 2,553 2,073 ze EU 
Nor. 8 9,723 8,063 9,197 7,277 13,348 12,790 
)))%)F»ö»;Ü—!%. 8 48,565 35,639 45,318 34,129 34,025 32,117 
Poland — Rn RR Rees 416 450 917 1,082 600 607 
South Africa, Republic of aim d 1,000 644 993 1,054 
Spall esum deci sU e 6,573 5,599 18,728 14,453 16,907 16,476 


See footnote at end of table. 
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Table 30.—U.S. general imports of zinc, by country —Continued 


1982 1983 1984 

Country Quantity Value Quantity Value Quantity Value 

(metric (thou- (metric (thou- (metric (thou- 

tons) sands) tons) sands) tons) sands) 

BLOCKS, PIGS, OR SLABS! — 
Continued 

Sweden » E 143 $115 4,000 $3,931 
Switzerland m E CR UN 100 78 
anzan ia NS MS 370 261 173 173 
United Kingdom 4,770 $3,750 9,602 7,387 5,685 5,251 
Yemen (Sanaa) ui ye 127 100 aus e 
Yugoslavia... 503 442 1,558 1,247 2,461 2,251 
ZB. e ne Lea cA PULS 22,408 15,943 24,593 18,623 32,329 25,169 
Zambia 401 329 M is 2,416 2,291 
Total cocas Se et 441,442 964,216 613,367 501,851 632,172 629,804 


lIn addition, in 1984, 1,414 tons of zinc anodes was imported from Belgium-Luxembourg, Brazil, Canada, Denmark, the 
Federal Republic of Germany, India, Italy, Japan, Mexico, the Netherlands, Norway, Sweden, Switzerland, Taiwan, and 


the United Kingdom. 


Table 31.—U.S. imports for consumption of zinc, by country 


1982 1983 1984 

Country Quantity Value Quantity Value Quantity Value 

(metric (thou- (metric (thou- (metric (thou- 

tons) sands) tons) sands) tons) sands) 

ORES AND CONCENTRATES 
(zinc content) 

Australia 2,971 $988 $114 1,683 $307 
VVꝓꝙꝓ rs hl mm Se 821 ,294 17,165 4,895 27,467 9,533 
j| eR ee 8 21 10 15 UN ba 
Colombia 20 3 PY acm has T" 
Germany, Federal Republic of 7,925 4,431 6,552 1,067 E 
Honduras 6,303 2,116 11,709 2,965 10,118 4,102 
Mexico __________________ 20, 7,853 17,988 4,536 20,113 6,639 
/%ö%ͤ»5ð (neis 6.208 2, 497 8,857 2,956 16,605 5,972 
South Africa, Republic of Pe E cs ne 10,186 2,633 
lr 66, 809 21,132 63,156 16,548 86,172 29,186 

BLOCKS, PIGS, OR SLABS! 

Fio (( e e LL 6,499 5,518 2,051 1,846 403 374 
Argentina 2,002 1.547 n EM o Mx 
Australia 26, 334 20,212 30,537 23,331 23,188 23,292 
Austria - 3: 2. oe et lem —- 8 102 87 E PM 
Belgium- Luxembourg 1.555 1.461 5, 820 3,787 3,366 2,750 
Braziill 8.500 7,761 tes ae 3,280 4,260 
Canada__________________ 239,839 200,731 307,156 263,145 340,490 351,836 
en ee et 258 210 ENS TM EH alias 
e a MR TA e 1,311 1,032 
Fill, 88 20,114 16,514 20,651 16,305 20,704 20,506 
France __________________ 5,376 4,682 8,932 6,858 12,923 12,807 
Germany, Federal Republic of- 4,702 3,621 29,675 23,645 27,930 ir 
Italy oe o ] K 6,500 6,853 11,913 9,483 13,719 12,270 
Japan- -----------------— 6,852 5,106 4,305 3,425 : 8,050 
Mexico 13.05 23,161 17,480 59,568 46,106 58,416 57,058 
Netherlands 7,497 5,9 21,544 16,546 17,296 16 
Netherlands Antilles ies EDEN 100 85 abe ao 
Nigeria Lue = 2,553 2,073 ae 
Norway___~___ ~~ ~____-____ 10,104 8,445 9,966 7,847 13,34 12,790 
Peru o es LL ee 48,569 ,638 45,318 34,729 34,025 32,117 
Poland ____________ _____ 416 917 1,082 600 607 
South Africa, Republic of MM x 1,000 644 993 ,054 

DHID. 2 bec er ee 9,149 8,027 18,978 14,691 16,907 16,476 
Sweden na PC 143 115 4,000 8,937 
Switzerland ______________ _ Sa E ES TM 100 18 
Tanzania 370 261 178 173 
United Kingdom 4,769 3,750 9,602 7,387 5,685 5,251 
Yemen (Sanaa) .. eat EUN 127 100 pct EN 
Yugoslavia - -------------—- 442 l, 1,247 2,467 2,251 
Zaire ----—--------—---——— 22,413 15,943 24,793 18,463 2,329 25,769 
Zambia 401 329 >s SEM 2,416 2,291 

Total nee 8 456,233 370,713 617,679 503,888 639,228 635,940 


In addition, in 1984, 1,414 tons of zinc anodes was imported from Belgium-Luxembourg, Brazil, Canada, Denmark, the 
Federal Republic of Germany, India, Italy, Japan, Mexico, the Netherlands, Norway, Sweden, Switzerland, rained oni 


the United Kingdom. 
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Table 32.— U. S. imports for consumption of zinc 


987 


Ores and concentrates Blocks, pigs, Sheets, plates, strips, Waste and 
(zinc content) slabs! other forms scrap 
Quantity Value Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
1982— mecs 66,809 $21,132 456,233 $370,113 700 $694 2,053 $1,232 
1983. 722 63,156 16,548 617,679 503,888 319 426 3,900 1,676 
1984 .— 8 86,172 29,186 639,228 635,940 850 1,308 6,259 3,940 
Dross and skimmings Zinc fume Dust, powder, 
(zinc content) (zinc content) flakes Total 
2 
Quantity Value Quantity Value Quantity Value value 
(metric (thou- (metric (thou- (metric (thou- (thousands) 
tons) sands) tons) sands) tons) sands) 
1982_________ 7,104 $3,134 11 $6 5,864 $6,925 $409,896 
1983. .. 6,508 3,314 631 420 6,533 1,126 533,398 
1984 —— 8; 5,021 3,161 314 171 1,512 9,505 683,211 


1Unwrought alloys of zinc were imported as follows, in metric tons: 1982—136 ($75,269); 1983—49 ($34,907); and 1984— 


118 ($100,047). 


2In addition, the value of manufactures of zinc imported was as follows: 1982—$532,674; 1988—$542,571; and 1984— 


$926,981 


Table 33. —U.S. imports for consumption of zinc pigments and compounds 


1983 
Quantity 
(metric 
tons) 
ff ð d ed E AU. 31,588 
Zell ð⅛ 835 
e ß ß ee ee i aT 1,308 
Ziel ⁵ðſ 1,147 
h/... ð Cu UE d dte 3,223 
DAAC CY AMIGOS . Foes ss ² i iL 8 90 
Zinc hydrosulfite _____..._________ ~______ Le 268 
Zinc compounds, n. s. p. D PEENE eee ad LU 2,417 


Value 
(thou- 
sands) 


$26,415 
8 


1984 
Quantity 


(metric 
tons) 


Table 34.—Zinc: World mine production (content of concentrate and direct shipping ore 


unless noted), by country! 
(Thousand metric tons) 


1982 


1984* 


1983P 


Country 1980 1981 

CCI ³˙ a 15.4 20.0 
Argentina. | Kn 33.4 135.1 
rr o³o·wůww--- é 495.3 518.3 
re ß REEL LRL AA 19.1 18.2 
Bolvas 9 eo nid c é 50.3 41.0 
Brazil 225.—c32— 5o c Tl cL 167.0 171.0 
Bulgaria cos ³0t³A ͤ y ei 70.0 65.0 
II ²²r.GGPPk! !!; a ILL 4.1 3.6 
ni,... ———————— P— T1,058.7 1,096.0 
F nore E eus e ee 1.1 1.5 
China 160.0 160.0 
Colombia -—-—-----------------—--—---————- 3 r3 
Congo (Brazzaville) _____—---------------— 3.5 3.0 
Czechoslovakia 7.2 6.8 
FK ³o¹i¹w⁰wiſſſſddddddſẽͥͥͥͥͥͤ y 6 7 
f mee ie e eL E 8.4 53.5 
FF o d s Lus AAA Scie eate eerie 35.8 31.4 
Germany, Federal Republic off 120.8 110.7 
ei, dd ee he A 27.1 27.0 
, ß ef 85.7 79.7 
Guatemala __________________________e_ ee 3.0 
Benda et See ee eee 16.0 16.2 
Hug 8 2.8 11.3 
Indigenous y 26.5 29.1 
II; a ĩðͤ ee 30.0 35.0 
Feen. 88 228.7 120.3 

> cr ass he eh O AAE 58.4 43.9 


See footnotes at end of table. 
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Table 34.—Zinc: World mine production (content of concentrate and direct shipping ore 
unless noted), by country! —Continued 


(Thousand metric tons) 


Country 1980 1981 1982 1983P 1984 
r ð-Kſ E rt 238.1 242.0 251.4 255.7 2252.7 
Korea, North® ?: 140.0 140.0 140.0 140.0 140.0 
Korea, Republic of- - - lk 56.8 156.2 58.2 56.0 53.0 
ie d nodus ame oma ee 235.8 206.6 242.3 266.3 289.4 
Morocco 6.1 7.9 11.2 17.2 211.0 
Nan)... e mccum 31.9 29.6 32.2 33.5 321.9 
Nigeria’ o sc nc y y ee one 1 1 1 
Norway Ss iota x hs t Let T21.6 T28.5 31.8 32.8 28.1 
Peri uL a ee ee OESE r LE tee 487.6 498.9 507.1 576.4 2558.4 
Fiir OE oe eek Se es 6.8 5.3 3.0 2.3 22.2 
e e y dL E c 187.8 146.5 145.0 149.0 153.0 
P Iſnul ee Ld ee od T50.0 150.0 145.0 145.0 44.0 
South Africa, Republic of eee eats 79.1 87.2 91.5 110.0 2106.1 
9d ³˙AüA q A 183.1 182.0 167.0 167.7 225.6 
Sweden une . el e D QUU D EE 167.4 180.9 185.0 202.9 2205.9 
Thailand since uui e ae E "S 2 225.2 
Tunia coe use i A A 7.6 7.5 7.1 7.7 7.5 
I ˙ð”V“J/ßͤ ͥ⁰ꝗd eA A LAE A PL m 23.3 30.7 31.5 11.1 20.8 
US ae eee ] f . 8 785.0 790.0 800.0 805.0 810.0 
United Kingdom 4.4 10.9 10.2 9.0 27.2 
United States! 1348.0 1343.0 326.5 296.7 2277.5 
§ÜöÜÜed«'d x LEE E LEE iE 6.5 6.0 6.0 7.0 1.0 
Yugoslavia! 4 95.3 88.6 83.8 86.8 87.0 

Tat Ac ee Pate ³WA6A ere a 67.0 63.3 82.1 74.7 75.0 
7 MNT 142.9 139.7 52.5 41.6 241.4 
.. c ite ic Le utes 5,954.3 5,845.0 6,054.3 6,159.5 6,418.8 


*Estimated. Preliminary. Revised. 
1Table includes data available through July 9, 1985. 


Content in ore hoisted. 


Table 35.—Zinc: World smelter production, by country’ 


(Thousand metric tons) 


Country 1980 1981 1982 1983 1984 
Algeria, primarꝰ h 30.0 31.0 *31.0 31.1 31.2 
Argentina, primary 


%% Lies a i E 38.7 26.8 28.9 32.0 35.0 


Australia: 
Prima i rh ie ae iras oe 301.0 295.9 291.4 298.5 3302.1 
Secondary 5.0 4.5 4.5 4.5 4.5 
Mr ³o»¾m m:mDm Le 306.0 300.4 295.9 303.0 306.6 
Austria, primary and secondary |... 22.1 22.7 23.0 23.0 322.5 
Belgium, primary and secondary _____________~_ 247.6 234.7 228.3 262.6 3270.7 
Brazil: 
PYM AY Ys eee es te aii er re ae eens 78.3 91.9 95.5 99.9 3106.9 
Sende ee ee A 17.7 19.0 14.4 11.0 12.0 
Ju ĩͤ ß 96.0 110.9 109.9 110.9 118.9 
Bulgaria, primary and secondary: 90.0 90.0 90.0 90.0 90.0 
Canada, 3 See eue Esci 591.6 619.0 512.0 617.0 685.0 
China, primary and secondary 160.0 160.0 160.0 7175.0 185.0 
Czechoslovakia, primary and secondary? |... 9.6 9.0 9.2 9.2 9.2 
Finland, primary ---------------------—- 146.1 139.8 143.9 155.3 3158.7 
France: 
IIIA he uM LES E Se 232.8 232.1 223.8 231.8 238.8 
Secondar jj 20.0 25.0 20.0 18.0 20.0 
. Sd EE 252.8 251.1 243.8 249.8 3258.8 
German Democratic Republic, primary and secondary® T16.0 16.0 17.0 716.5 17.0 


See footnotes at end of table. 
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Table 35.—Zinc: World smelter production, by country! —Continued 


(Thousand metric tons) 
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Country 1980 1981 1982 1983P 1984* 
Germany, Federal Republic of: 
Primary dle ⁰ʒ Mot iuuat 842.8 331.5 303.4 328.7 825.6 
Se i ee haee e LU LL 27.8 35.1 31.6 27.8 330.8 
TOA Lone ( 310.6 366.6 335.0 356.5 3856.4 
Greece, secondary — - - - - - LLL LLL LL LL 3 NA NA NA NA 
Hungary, secondary 6 2 6 6 6 
India: 
Primary ] ⅛— ⁵). ̃ .́ . 88 43.6 57.4 52.6 53.3 55.8 
Secondary 3 2 2 2 2 
ON EERE RR ?0˙ri RETINEO IR 43.9 51.6 52.8 53.5 56.0 
Italy, primary and secondary |... ... 206.4 180.9 158.7 155.6 3155.8 
Japan: 
Primary- ------------------------ 629.7 575.6 549.0 579.0 3644.4 
Secondary. - ------------------------ 105.5 94.6 113.4 122.3 3110.1 
C111 Lee tae t ee 135.2 670.2 662.4 701.8 8754.5 
Korea, North, primary 120.0 120.0 120.0 120.0 120.0 
Korea, Republic of, primary _____________-_-- 79.1 83.9 99.2 108.0 3108.5 
Mexico, primar 143.9 126.5 127.0 175.7 185.3 
Netherlands, primary and secondary |... 169.5 171.4 186.0 187.5 185.0 
Norway, primary _______________________ 79.4 80.3 79.0 90.7 394.2 
Peru, primar 63.8 126.2 160.7 154.0 3149.0 
Poland, primary and secondary_______________ 217.0 167.1 165.4 170.3 176.0 
Portugal, primary? ______________________ 2.0 4.6 3.6 38.8 35.8 
Romania, primary and secondary ------------- 45.9 45.2 44.0 42.0 41.0 
South Africa, Republic of, primar 81.4 187.2 79.7 84.4 88.4 
Spain, primary 1151.7 179.5 181.8 189.9 3205.4 
Thailand, primar (4) " La in 3.0 
Turkey, primar 12.6 18.1 14.9 14.8 19.5 
U.S. S. R.: 
FEI onm er ee NS 815.0 820.0 830.0 835.0 850.0 
Secondary... - - -—---------------—-——— 80.0 85.0 90.0 95.0 95.0 
C11 ĩ³ Els 895.0 905.0 920.0 930.0 945.0 
United Kingdom, primary and secondary __ _ _ _ _ _ __ 86.7 81.7 79.3 87.1 385.6 
United States 
Inary- od n ei 340.5 346.6 228.2 235.7 3253.1 
Secondary 29.4 50.2 74.3 69.4 378.1 
J77G;·ö˙Ü uci 8 369.9 396.8 302.5 305.1 2331.2 
Vietnam, primary 5.5 5.5 5.0 6.0 6.0 
Yugoslavia: 
Primary? __________________________ 77.5 86.4 76.8 77.0 81.6 
Secondary 7.0 10.0 10.0 11.0 11.0 
Total ————— oe I ee 84.5 96.4 86.8 88.0 392.6 
Zaire, primar7ʒ/h// 22- 43.8 57.6 64.4 62.4 65.0 
Zambia, primar 32.7 33.3 39.2 37.9 329.2 
Grand total _ - —-----------------—-—— T6.048.5 T6.085.2 5,860.9 6,200.6 6,447.6 
Of which: 
Primar 14, 484.1 14,576. 7 4,341.0 4,621.4 4,847.5 
Secondary. - - -------------—— 293. 323.8 359.0 359.8 362.3 
Undifferentiated. |... T1,210.8 1,184.7 1,160.9 1,219.4 1,237.8 
Estimated. Preliminary. ‘Revised. NA Not available. 


lWherever possible, detailed information on raw material source of output (primary—directly from ores—and 
secondary—from scrap) has been provided. In cases where raw material source is unrepo 
available to estimate the distribution of the total, that total has been left undistributed (primary and secondary). To the 


available through July 9, 1985. 
2Excludes zinc dust. 
*Reported figure. 

Less than 50 metric tons. 


and insufficient data are 
ible, this table reflects metal production at the first measurable stage of metal output. Table includes data 


Digitized by Google 


Zirconium and Hafnium! 


By W. Timothy Adams? 


Zircon, the principal ore mineral of zirco- 
nium, was mined as a coproduct of ilmenite 
and rutile from sand deposits in Florida. 
Most zircon was used in the Eastern United 
States, with approximately 4095 being used 
in foundry sands and the remainder in 
refractories, ceramics, abrasives, and in 
miscellaneous uses including the manufac- 
ture of chemicals and the production of 
zirconium metal and alloys. The value of 
zircon consumed was about $16 million. 
Hafnium was used in nuclear reactors, re- 
fractory alloys, and cutting-tool alloys. 

Domestic Data Coverage.—Domestic 
mine production data for zircon are devel- 
oped by the Bureau of Mines from one 
separate voluntary survey of U.S. oper- 
ations entitled "Production of Zircon.” Of 


the two operations to which a survey re- 
quest was sent, both responded, represent- 
ing 100% of production. Data are withheld 
to avoid disclosing company proprietary 
data. 

Legislation and Government Pro- 
grams.—As part of a longstanding program 
to supply contractors with nuclear reactor 
construction materials manufactured to 
U.S. Navy specifications, the U.S. Depart- 
ment of Energy had an inventory, as of 
December 31, 1984, of about 39 short tons of 
zirconium sponge, 994 tons of zirconium 
ingots and shapes, 1 ton of zirconium scrap, 
33 tons of hafnium ingots and shapes, 3 tons 
of hafnium crystal bar, 5 tons of hafnium 
oxide, and 1 ton of hafnium scrap. 


Table 1.—Salient U.S. zirconium statistics 
(Short tons) 


Ih a ⁰ ee 
Consumption !)) 


Stocks, yearend: Dealers and consumers: 


Zirconium oxide: 


Productions 


Consumption ns masc Rd s 
Stocks, yearend: Producers 


“Estimated. 
Includes insignificant amounts of baddeleyite. 
2Excludes foundries. 

Excludes oxide produced by zirconium metal producers. 


1980 1981 1982 1983 1984 
a W W W W W 
ie 7,727 11.630 11.011 13,222 9,528 
ios 113,784 91,108 68,465 44,487 66,436 
= 140,000 — 150,000 93,000 100,000 130,000 
ae 69,473 33,385 248,595 36,498 232,861 
EN 10,218 8,251 5,059 4,118 7.373 
E 2,989 182 1,017 698 422 
M 309 235 332 451 193 
s 10,100 8,600 9,600 3,400 9,800 
EN 1,216 1,483 1,357 r *895 *1,183 


"Revised. W Withheld to avoid disclosing company proprietary data. 


DOMESTIC PRODUCTION 


Zircon was recovered, along with tita- 
nium minerals, by E. I. du Pont de Nemours 
& Co. Inc. at Starke and Highland, FL, and 
by Associated Minerals (USA) Ltd. Inc. at 


Green Cove Springs, FL. The combined 
zircon capacity of these plants was estimat- 
ed to be 100,000 tons per year. Production 
data were withheld from publication to 
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avoid disclosing company proprietary data. 

Five firms produced 47,075 tons of milled 
(ground) zircon from domestic and imported 
zircon, and five companies, excluding those 
that produce the oxide as an intermediate 
product in making zirconium sponge metal, 
produced 7,373 tons of zirconium dioxide. 
Two companies produced zirconium sponge, 
ingot, and alloys; and hafnium sponge and 
crystal bar. 
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Associated Minerals Consolidated USA 
sold its zirconia manufacturing plant at 
Bow, NH, to Ferro Corp. The plant uses the 
plasma arc process to produce a high-purity 
zirconia that is used mostly (60%) in ceram- 
ic colors but also in electronic glazes, special 
refractories, and chemical derivatives. The 
facility will be operated by Ferro's Transel- 
co Div. 


Table 2.—Producers of zirconium and hafnium materials in 1984 


Company Location Materials 
ZIRCONIUM MATERIALS 
American Minerals... Camden, NJ________ Refractories and zircon. 
Associated Minerals (USA) Ltd. Ine Green Cove Springs, FL_ Zircon. 
The Carborundum Co____________________ Falconer, Xx Refractories. 
CE Cast Industrial Products _______________ Long Beach, aa Milled zircon. 
C-E Refractories, a division of Combustion St. Louis, M W __ _ Refractories. 
Engineering Inc. 

A le aad a Seale Ia Se yet ons / Vandalia, MO Do. 

CIBA-GEIGY Corp., Drakenfeld Colors Washington, PA Ceramic colors and milled 
zircon. 
Continental Mineral Processing Cord Sharonville, OH... Milled zircon. 
Corhart Refractories o Buckhannon, WW Refractories. 
Doca 2s oe a ð³Üi d ee pi ͤ ͤ oo i. Corning, NY .. Do. 

n ⁵ðↄi ſ ³ðV ĩ ͤ u OT wee Louisville, —”rr Do. 

Didier-Taylor Refractories Corp |... Cincinnati, OH... Do. 


eee ia ee — — — 


E. I. du Pont de Nemours & Co. Ine 


South Shore, KY _ _ _ _ _ 
MR run DE ——-- 


Zircon and foundry mixes. 


Elkem Metals tro Alloy, VVV Alloys. 

Ferro Cor). ue ono mots e S Cleveland, Bh Ceramics and ceramic colors. 

Foote Mineral Co _____________________~- Cambridge, OH _ _ _ _ _ - Alloys. 

A. P. Green Refractories Co., Remmey Diop Philadelphia, PA Refractories. 

Harbison-Walker Refractories Co o Mount Union, PA Do. 

Harshaw Chemical Co. Inc ________________ Cleveland, OH ------ Oxide. 

Leco Corp., Ceramics Div ---------------—- St. Joseph, MI ______ Refractories and milled zircon. 

Lincoln Electric Co. Ine ------------------ Cleveland, OH ______ Welding rods. 

M & T Chemicals Inc - - ---------------——- Andrews Sc Milled zircon. 

Magnesium Elektron Ie Flemington, NJ J Alloys, chemicals, oxide. 

rr; had i Huntsville, All Oxide. 

Reading Alloys _____________-_-~___-___ Robesonia, PA Alloys. 

Ronson Metals Coerrrss „„ Newark, N ) Baddeleyite (oxide). 

Shieldalloy Corrsddsdd Newfield, NJ ... Welding rods and alloys. 

Sola Basic Industries, Engineered Ceramics Div Gilberts, II. Ceramics. 

TAM Ceramic Niagara Falls, NY _ _ _ _ “Ma areon: oxide, alloys, 
chloride. 

Teledyne Wah Chang Albany_______________ Albany, OR ________ Oxide, chloride, sponge, ingot, 
powder, crystal bar, mill 
products. 

Thiokol Corp., Ventron Chemicals Div _________ Beverly, A Alloys and powder. 

Transelco, a division of Ferro Cord Dresden, Xx Chemicals, ceramics, oxide. 

DO aaa ORO Rie tly RO SREY ͤ⁵ſ ͤ A RRO UU MAC Bow, NI Chemicals and oxide. 

TRW Ine uu c ec DAS Ese Cleveland, OH ______ Zircon ores. 

Western Zirconium Co___________________ Ogden, UT_________ Oxide, sponge, ingot, mill 
products. 

fr Eus Butler, Pi Refractories. 

Zircar Products Inc_____________________ Florida, NY. ---——- Fibrous ceramics. 

ZIRCOA Products______________________ Cleveland, OH _____ — Oxide and ceramics. 

HAFNIUM MATERIALS 
Teledyne Wah rien y 333 Albany, R Oxide, sponge, ingot, crystal bar. 
Western Zirconium Cook Ogden, UT_________ Do. 
CONSUMPTION AND USES 


About 40% of the domestic zircon pro- 
duced in 1984 was used in proprietary 
mixtures as foundry sand. The remainder 
was used in refractory sand blends with 
kyanite, sillimanite, and staurolite; in 
chemicals; in weighting agents; in glazes 


and enamels; in refractories; in ceramics; in 
zircon-titanium dioxide blends for welding- 
rod coatings; for sandblasting applications; 
and for the production of zirconium and 
hafnium metals. Baddeleyite, another zirco- 
nium mineral, was used mainly in the 


ZIRCONIUM AND HAFNIUM 


manufacture of alumina-zirconia abrasives 
and also for ceramic colors, refractories, 
and other uses. 


Table 3.—Estimated'! consumption of 
zircon in the United States, by end use 


(Short tons) 
End use 1983 1984 
Zircon refractories? ss 17,000 24, 500 
AZS refractorie s 4, 000 8.200 
Zirconia‘ and AZ abrasives”ss _ _ _ 8,500 15,300 
AGS? coe 888 4,500 4,400 
Foundry applicationnqQ2ss 49,000 49, 500 
Other“ 17,000 28, 100 
Total_-—-------------—- 100,000 130,000 


Based on incomplete reported data. 

2Dense and pressed zircon brick and shapes. 

Fused cast and bonded alumina-zirconia-silica-based 
refractories. 

*Excludes oxide produced by zirconium metal producers. 

5 Alumina-zirconia-based abrasives. 

*Excludes alloys above 90% zirconium. 

Includes chemicals, metallurgical-grade zirconium te- 
sig a sandblasting, welding rods, and miscellaneous 


Research on calcia, magnesia, and yttria 
transformation toughened zirconias was in- 
tense. These materials were considered to 
have considerable potential for use in ce- 
ramic coatings in jet aircraft engines and in 
other applications where strength and high- 
temperature oxidation resistance is impor- 
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tant. Zirconia ceramics were also used in 
the automobile industry in sensors for the 
microprocessor controls on engines. 

All of the hafnium metal and most of the 
zirconium metal consumed were used by the 
nuclear power industry. For the sixth con- 
secutive year, there were no new orders for 
commercial nuclear powerplants. By mid- 
year, eight plants had been canceled and 
seven plants had been postponed indefi- 
nitely.* Most of the remainder of the zirco- 
nium metal was used in superalloys and in 
the chemical and electronics industries. 


Table 4.—Estimated'! consumption of 
zirconium oxide? in the United States, 


by end use 
(Short tons) 
End use 1983 1984 
AZ abrasiveee s W W 
AZS refractoriess 900 900 
Other refractor ies 1.400 2, 900 
emicals 600 700 
Glazes, opacifiers, colors 500 1,300 
Jö» eee 3,400 5,800 
j W Withheld to avoid disclosing company proprietary 
ata. 
Based on incomplete data. 
?Excludes oxide produced by zirconium metal producers. 
Includes baddeleyite 
SFused cast and bonded. 


Table 5.— Estimated! yearend stocks of zirconium and hafnium materials 


in the United States 
(Short tons) 
Item 1983 1984 
Zircon concentrate held by dealers and consumers excluding foundries 31,026 25,653 
Milled zircon held by dealers and consumers excluding foundriãe s 15,472 7,208 
Zirconium: 
„ ß pf MEE E 1895 1,183 
Sponge, ingot, scrap, alloy sss «é«««c y 686 785 
r MOS. co cos cu Me AL sud lA A ne NA EUR ae LU ELLA RR LU dE 5,443 17,281 
Hafnium: Sponge and crystal ban „„ „„ „„ 35 30 
r Revised. 
Based on incomplete data. 
2Excludes material held by zirconium sponge metal producers. 
Table 6.— Published prices of Australian zircon 
(U.S. dollars per ton) 
NC Standard Intermediate Premium 
Date of publication grade grade grade 
December 1983 ß ere Bt ees put 90-98 94-102 106-110 
December 1984 . ß en E ALIE a E Le 83-90 86- 94 98-101 
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Table 7.—Published yearend prices of zirconium and hafnium materials 
Specification of material 1983 1984 
Zircon: 
Domestic, standard grade, f.o.b. Starke, FL, bulk, per short COR us e eun $165.00 $165.00 
Domestic, 75% minimum quantit Ly zircon and aluminum silicates, 

Starke, FL, bulk, per short too““““““nnn nn 99.00 99.00 
Imported sand, containing 65% ZrOs, f. o. b., bulk, per metric ton? PE eer oe $99.00- 108.00 $91.00- 99.00 
Domestic, granular, bags, bulk rail, from works, per short ton 165.00- 177.00 165.00. 177.00 
Domestic, milled, 200- and 325-mesh, rail, from works, bags, per short ton? 225.00 225. 

Baddeleyite, imported concentrate:* 
96% to 98% ZrOs, minus 100-mesh, c.i.f. Atlantic ports, per pound 50 50 
99% + ZrOs, minus 325. mesh, c. i. f. Atlantic ports, per pounndãỹJ]!JJ!lu 90 .97 
Zirconium oxide: 
Powder, commercial grade, drums, 2,000-pound minimum, per pound 4.25 4.25 
Electronic, same basis, per pound . - - —- ---------------------—---——- 7.25 7.25 
Insulating, stabilized, 3 F same basis, per pounßdzd 3.31 3.31- 3.82 
Insulating, unstabilized, 325° F, same basis, per pound 3.75 3.55- 3.75 
Dense, stabilized, 30° F, same basis, per pound 2.82 2.82 
Zirconium oxychloride: Crystal, cartons, 5-ton lots, from works, per pound 87 91- 1.04 
Zirconium acetate solution: 
25% ZrOs, drums, carlots, 15-ton minimum, from works, per pounngdgd 97 97 
22% ZrOs, same basis, per pound |... «„ 78 78 
Zirconium hydride: Electronic grade, powder, drums, 100- pound lots, from works, per 
PMI ss ie ee i VMVwVↄꝓꝶqp̃i . 8 31.75 31.75 
Zirconium:® | 
Powder, per pound It 50.00- 137.50 75.00 150.00 
3. 5 pof pound Mem "E 12.00- 17.00  12.00- 17.00 
. Sheets, strip, bars, per pound EC ES ee RR dA 18.00- 40.00 20.00. 40.00 
Hafnium: Sponge, Ä ]˙ ———————— 8 70.00- 125.00 80.00. 180.00 


1E. I. du Pont de Nemours & Co. Inc. price list Dec. 1983 (effective Jan. 1, 1984); penc per 1984 (effective Jan. 1, 1985). 


2Industrial Minerals (London). No. 195, Dec. 1983, p. 88; and No. 207, Dec. 1984, 
Chemical Marketing 
(effective Dec. 28, 1984), p. 

*Ronson Metals Corp. Baddeleyite price lists. Jan. 1, 1984, and Jan. 1, 1985. 
s American Metal Market. V. 92, No. 4, Jan. 6, 1984, p. 6; and v. 92, No. 250, Dec. 28, 1984, p. 7. 


Table 8.—U.S. exports of zirconium ore and concentrate, by country 


1983 
Country 
Short tons Value Short tons 
h7õõͤ§ĩÄ%E¹ùwVu¹ 56 $38,990 56 
Argentina e 1,639 952,148 523 
Brazil -eona ee ü 1.482 288,021 eat 
nn ⁵ðV ( T 677 220,101 391 
COLO A MORTUAM ROCHE pO 640 284,945 487 
Jö; C 79 49,770 147 
Germany. Federal Republic ff 4,017 1,026,241 2,197 
Mna oee E NE 53 31,120 15 
MALY 3 ene ee oo v 8 104 41,553 mee 
JJ7öC00ͥõõͤõĩõ Se ea n Ei DLL 3,493 365,297 3,643 
Mieses ee eee 364 98,433 1,105 
United Kingdom |... 62 15,234 38 
Venezuela. 359 201,735 762 
MO i a he ho SE as ret AT 1197 7102, 137 164 
Total 6m ue onore uU Um T E 13,222 3,316,331 9,528 


1984 


p 
Reporter, V. 225, No. 1, Jan. 2, 1984 (effective Dec. 30, 1983), p. 51; and v. 226, No. 27, Dec. 31, 1984 


Value 


$28,050 
184,361 
128,552 
241,990 

19,922 
821,562 

10,883 


389,940 
302,334 
5,239 
352,029 
89,717 


2,646,579 


ZIRCONIUM AND HAFNIUM 


Table 9.—U.S. exports of zirconium, by class and country 
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ai d è 1983 1984 
ass and coun 
i: Short tons Value Short tons Value 
Zirconium and zirconium alloys, wrought: 
Belgium- Luxembourg 30 $3,226,250 47 $3,854,895 
ou JJ 8q⁵ LE 197 11,409,237 181 10,566,721 
AMD SHEER 8 3 169,669 12 291,188 
German, Federal Republic off 67 2,891,956 88 5,240,786 
ͤÜ¹˙ ( 88 T 169,920 2 48,188 
apan- io Les mt 88 212 13,903,658 259 12,418,815 
Korea, Republic olal[¶ _ 9 592,836 9 411,756 
Sehr.. 88 49 1,894,766 13 400,851 
pated Kingdom ___________________ 13 550,894 33 1,299,754 
)) T 17 7307, 679 4 279,717 
] ³¹¹¹ iw 654 35,116,865 648 34,812,671 
Zirconium and zirconium alloys, unwrought 
and waste and scrap: 
Chilè ot E ss AN 20 693,440 
„%% e rie 2 65,817 (1) 5,667 
Germany, Federal Republic of 4 26,250 9 14,364 
; ⁰»mm. Ä v e Ue Gao 81 3,498,325 108 6,704, 625 
Netherlands FOE EO AEE RS eS 8 3 65,595 3 13,03 
Dee Kingdom ___________________ 2 79,096 17 116,019 
3j); ⁰yꝗ³o»v NESRN ri 161,900 3 102,928 
/ ³ A aire Ac 93 3,796,983 160 1,110,081 
"Revised. 
!Less than 1/2 unit. 
Table 10.—U.S. exports of zirconium oxide, by country 
1983 1984 
Country 
Short tons Value Short tons Value 
Argentina uota Ace cime e a ee cei D eai E Ba ge 12 $56,617 18 $56,261 
Belgium-Luxembourg ggg (2) 640 16 22,222 
))) ͥͥͥ eR m Woe POP AER 8 15 111,732 19 66,491 
/G; hh cae C ec ete 71 257,405 52 182,928 
FFF / ah e i ͥ d 57 196,340 13 46,313 
Germany, Federal Republic oeꝛ ß 28 75,284 19 82,222 
Hong Kong -— o a pr timi 8 3 15,684 5 10,491 
Ill!!! ³ 8 58 158,511 37 115, 801 
J77·˙rr! ³⁰˙Ü ia y cuu eae a: 13 23,000 TC ee 
Japan - t noo ß æ fdr ig aa y Bs ca 108 264,754 62 192,127 
Mèrit onan eR 4444. ĩ¾ Ec LEE E 107 202,340 47 113,212 
Netherlands - - ~- -----------------------————- 19 47,448 11 31,923 
SWeden ccs ð cre idis uU 8 16 46,341 16 65,241 
C xn cancum a Ld ALL ee 12 34,480 17 54,974 
5 1 5 Riek ⁵³ↄ 8 159 338,185 10 131,532 
East ayaa ðù ſ ⁵ði AY tee aie ————— X Ó(— ae 120 769, 633 20 91.025 
Total Binet soot tn ⅛ð V m Sen 698 1.898, 394 422 1,262,163 
"Revised. 


1Less than 1/2 unit. 
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Table 11.—U.S. imports for consuniption of zirconium ores, by country 


1982 1983 1984 

Count Quantity Value Quantity Value Quantity Value 

N (short (thou- (short (thou- (short (thou- 

tons) sands) tons) sands) tons) sands) 
Australian 56,092 $5,142 36,140 $3,385 44,214 $5,289 
Austria?___§__________________ 59 7 118 13 "E Ls 
Belgium-Luxembourg_ CR m= 2: 461 87 
ONE EEEO ECCE 705 70 1,176 122 1,451 151 
ue Africa, Republic of? jj 11,603 919 7,053 897 20,309 2,016 
Mt p PME 6 3) 8 1 5 
Total cec ² m buta eL 68,465 6,144 44,487 4,420 66,436 7,548 


1Believed to be country of shipment rather than country of origin. 
In addition, very small quantities of baddeleyite were imported. 
Less than 1/2 unit. 


Table 12.—U.S. imports for consumption of zirconium and hafnium in 1984, 
by class and country 


Class and country Short tons Value 
Zirconium, wrought: 
Canada coh ia cu uL LL ees EE e ie n 2 $66,932 
)) uo ccu M ² m ĩð K NE d 323 15,739,305 
/»ͤ cea as a ah ye ts x a cl EL 5 32, 
Sweden a aaa ae e ey Sone 1 150,115 
C;. ĩ³-Ay km ⁰ kr ⁰mtßs ß d 1 39,562 
/» ³ ³0».A A ¹Ü— (u ³A¹w TA 332 16,028,876 
Zirconium, unwrought and waste and scrap 
ne ee LM ³ ³ AAA EA | 22 | 120,689 
Fran o 6o a cl p a 26 70,843 
ja Federal Republic oe 12 98,405 
DM pP ans tee ia eae j ROS INMENSO NE 19 126,740 
Netherlands Mero MPH SCENIC HN M E . A 4 12, 
Sweden = ͥͥ ce E a a ee ³ w ³ AAA rc E RU LI 5 ; 
United King A me im a 121 187,193 
6 ³o-¹--»um.. ]ꝛ2—u»-.... ð—--ßy ⅛ K MH te 215 637,437 
Zirconium alloys, unwrought: 
nadB- ou fe clt c Ne PME Oe EE M dua e ae 4 20,308 
Germany. Federal Republic of |... 2222 „„ 4 133,063 
United Kingdom ᷑ßꝛĩ5³?ẽ?ẽ:ẽ ð⁵« i“ ð( ͤðͤ-ñp e kt kk unen e Ee T 10 77,359 
17% c oL ru E e I et ⁰Dkd ED M Le ee 18 230,730 
Zirconium oxide 
Fa [00D MM —-—J-—-—-————————————— —ÉÉ 19 3,462 
V ĩðé-Au)ͥyuũũ ³oſſſſſũddʒ ans a v ly x 8 144 263,076 
enc Federal Republic of - —- - - --------------------------—-—- 16 122,722 
MM C tor EST x er, Ae eae gt 14 161,617 
South Africa; eee 262 148,750 
%% ⁵ði ↄð y d ³⁰ Vd ³»˙¹i chew ese E ce eas ea (1) 
United Kingdom —— omo omi RE su EE tut siete c 338 1,824,612 
Ii: a Po SE eL e. Lu tree 793 2,526,536 
Zirconium compounds 
ada cs mee A ue cu ß 1 1,677 
Frani MERECE SERPENS ð yy yr E N 90 116,090 
Germany, Federal Republic of ______________ ~~~ ~____ LLL 2 22 22a 3 132,138 
FCõõͤͤͥ ⁰Ü¹ AAA... dd yy y RITE ee 3 32, 408 
South Africa, Republic oer: 359 381,200 
United Kingdom |... LL 70 238,399 
66... (4) 5,000 
PEENE ee NAA hs Z ⁵ ⁵ up ERR ¾ ae sa, EE RE 486 906,912 
Hafnium, unwrought and waste and scrap: France______~_________________ 115,220 


1Less than 1/2 unit. 


ZIRCONIUM AND HAFNIUM 


997 


WORLD REVIEW 


Australia led the world in the production 
of zircon in 1984. Zircon was also produc- 
ed in the Republic of South Africa, the 
U.S.S.R., and the United States, and in 
lesser amounts in six other countries. 
Baddeleyite was produced in Brazil and in 
the Republic of South Africa. 

Australia.—Consolidated Rutile Ltd. 
announced a decision to expand the mining 
of zircon and rutile on North Stradbroke 
Island. A dredge and wet concentrator, with 
a capacity of 2,800 tons per hour, were to be 
constructed to mine the Gordon ore bodies 
located on the southern part of the island. 
The development was scheduled to be com- 
pleted by June 1985.5 

The Commonwealth Scientific and Indus- 
trial Research Organization (CSIRO) and 
ICI Australia concluded an agreement to 
develop the capability to manufacture zirco- 
nia and zirconium chemicals for both the 
domestic and export markets.* CSIRO and 
ICI Australia each contributed A$1 million 
in resources in the first year of the collab- 
orative research and development project to 
define a suitable manufacturing process for 
the production of zirconia. A pilot plant was 
to be constructed, and process trials were 
planned for the second half of 1985.7 

Applications, world ceramic markets, and 
the impact of future development of “sun- 


rise minerals" in Australia were reviewed. 
Sunrise minerals were defined as common, 
readily available, natural and synthetic 
minerals, which as a result of new technolo- 
gy can be processed into high-added-value, 
high-performance ceramic materials with 
superior mechanical, thermal, electrical, 
and chemical properties.* 

South Africa, Republic of.—Palabora 
Mining Co. Ltd. constructed and placed in 
service two new plants in Transvaal to 
satisfy customer requirements for a wider 
range of baddeleyite products. In addition, 
the zirconium sulfate tetrahydrate plant 
was modified to increase the efficiency of 
producing chemicals used in both the chem- 
ical and leather industries.? 

Sri Lanka.—Zircon, ilmenite, and rutile 
were the three main mineral sands mined 
and exported by the Ceylon Mineral Sands 
Corp. Mining activities were centered at 
Pulmoddai on the northeast coast. Reserves 
were estimated at 3 to 4 million tons, al- 
though preliminary estimates from a recent 
survey appear to be much greater. The 
mineral composition of reserves at Pulmod- 
dai was reported to be ilmenite 70% to 72%, 
zircon 8% to 10%, rutile 8%, and monazite 
0.8%. Present annual production of zircon is 
8,000 tons per year. 


Table 13.—Zirconium concentrate: World production, by country! 


(Short tons) 

Country 1980 1981 1982 1983” 1984* 
Australia 541,837 1478, 673 509,792 421,419 460,000 
FFII ⁰³⁰ↄ A 8 3,7 6,614 5,507 15,201 4, 300 
China sucre sme 8 15,400 16,500 16,500 16,500 16,500 
Indi o oos nen ed 16,336 13,669 *13,000 €13,000 13,000 
Malaysia 1609 1.441 2, 367 2,809 2,800 
South ae Republic oll 88,000 110,000 140,000 140,000 140,000 
Sci Unna 3,341 3,600 6,381 6,306 6,600 
Thailand. 2b als Nan eae ne ee 6 115 216 219 220 

SSR ounte cas ieee ada eats aie 80,000 80,000 90,000 90,000 90,000 
United States W W W W 
lll 1749, 349 1710,612 783,763 105,454 143,420 
tt a PPreliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; excluded from 


Includes data available through May 14, 1985. 
?Data are for fiscal year beginning Apr. 1 of that stated. 


Exports (production not officially reported; exports believed to closely approximate total output). 


TECHNOLOGY 


Zirconia-bonded zirconia fiber insulation 
Structures were reported to provide the 
highest operating-temperature capability of 


any oxide-fiber insulation. The freestanding 
oxide-fiber structures reportedly allowed 
routine furnace operations at temperatures 
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up to about 1,800° C. Insulation structures 
were manufactured in a wide variety of 
geometric shapes by a vacuum-molding 
process. The fiber insulation structures con- 
tained 80% to 85% porosity, making them 
lightweight and easily installed and giving 
them a low thermal mass, which allowed 
faster cycle times and reduced costs in 
service.!! 

The preparation and crystallization of 
fine zirconia powders was studied. Amor- 
phous hydrated hafnium-free zirconia was 
precipitated from a zirconium tetrachloride 
solution with 3 normal ammonium hydrox- 
ide. This material was hydrothermally proc- 
essed at 100 megapascals for 24 hours at 
temperatures from 200° to 600° C. The 
freeflowing powders obtained consisted of 
unagglomerated uniform-sized single crys- 
tallites necessary for the preparation of 
high-quality technical ceramics.'? 

The use of magnesium oxide and partially 
stabilized zirconia (PSZ) as a die material 
for the hot extrusion of metals was describ- 
ed. PSZ reportedly possesses the mechanical 
and thermal properties necessary to with- 
stand extrusion conditions and provide ex- 
ceptional dimensional control and long die 
life. PSZ exhibits the hot hardness and 
resistance to deformation normally associ- 
ated with ceramic materials, but owing to 
its unique crystal structure, it also has the 
thermal stability, thermal shock resistance, 
and fracture toughness needed to survive 
extrusion conditions. PSZ also has a non- 
wetting, nonabrasive surface that gives an 
improved surface finish to the extruded 
product. ia 

It was reported that aluminum oxide and 
PSZ dioxide composites can be cold pressed 
and sintered to strengths as high as 290,000 
pounds per square inch. The production 
process removed agglomerates from com- 
mercial powders to ensure well-mixed dis- 
persions of the two phases. Potential uses 
for the composites were given as extrusion 
dies, bearings, cutting tools, corrosion- 
resistant nozzles, and components for inter- 
nal combustion and adiabatic diesel en- 
gines.'* 

A review of current and potential applica- 
tions of PSZ, silicon carbide, and silicon 
nitride was presented. Material prepara- 
tion, fabrication techniques, and material 
properties were discussed.!5 

The fabrication of PSZ-toughened alumi- 
na ceramics by slip casting was reported. 
The alumina and PSZ particles were re- 
duced to the optimum size of less than 1 
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micrometer. An organic dispersant prevent- 
ed particle agglomeration in the slip. The 
ceramic bodies produced by slip casting and 
firing reportedly had a fracture strength of 
125,000 pounds per square inch.“ 

It was reported that U.S. Air Force B-1B 
strategic bomber crews will be shielded 
from thermonuclear flashblindness with 
cockpit-darkening panels and protective 
portholes capable of reducing incoming 
light to 0.003% of original intensity. The 
windows and portholes are constructed of 
polarized lead lanthanum zirconate titanate 
(PLZT), an optically transparent ceramic 
material with electro-optic properties. 
When energized by a 24- to 32-volt circuit, 
the PLZT reacts to intense light by turning 
opaque. The reaction time of PLZT is 150 
microseconds, less time than it takes the 
human eye to blink.?’ 

A review of thermal barrier coatings 
(TBC) for protecting turbine blades and 
other engine components was presented. 
The ceramic most commonly used as a TBC 
is zirconia with added cubic phase stabiliz- 
ers. The oxide is bonded to the superalloy 
with an oxidation and _ hot-corrosion-re- 
sistant metallic bond coating. A major ad- 
vance was the development of a PSZ coating 
containing about 6% yttrium oxide and 
having an operating temperature limit of 
850° to 900° C. The PSZ was attached to the 
blade with a nickel-chromium-aluminum- 
yttrium metallic bond coat. Test results 
showed a need to design TBC components in 
an integrated manner rather than adding a 
coating to an existing airfoil design.!* 

It was reported that powder metal (P/M) 
parts were being made from zirconium and 
zirconium alloys for applications in the 
chemical industry. Parts are being made by 
cold isostatic pressing, hot isostatic press- 
ing, and mechanical pressing. The use of 
P/M processing reduced costs by an esti- 
mated 25% to 30% compared with conven- 
tional machining. It was planned to extend 
the use of zirconium alloy P/M parts to the 
nuclear energy industry. 

A process for resistance-weld-bonding 
thin sheets of corrosion-resistant metals 
such as zirconium to fabricated substrates 
was reported. The welding technique re- 
portedly uses a proprietary metallic inter- 
mediate to overcome metallurgical incom- 
patibilities between the cladding metals and 
the fabricated substrates. The finished clad- 
ding was reported to withstand tempera- 
tures to 350° C and pressures down to a full 
vacuum.” 
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1Zirconium and hafnium are nearly identical in chemi- 

cal properties and atomic volume and are associated in the 
rincipal ore mineral, zircon, in a ratio of about 50 to 1. 

e two elements are separated for nuclear power applica- 
tions but not for other uses. 
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Demand for arsenic trioxide increased 
markedly during 1984 as a result of increas- 
ed use of arsenical wood preservatives and 
increased use of arsenicals in agriculture. 
The increase in agricultural demand was 
due to a return to production of land with- 
held from cotton planting under an agricul- 
ture program for acreage diversion for some 
1983 crops. Supplies of arsenic trioxide were 
more than adequate to meet increased de- 
mand, and prices either declined from, or 
remained at, the low 1983 levels. In June, 
ASARCO Incorporated announced plans to 
close its Tacoma, WA, smelter by mid-1985. 

Domestic Data Coverage.—Refined arse- 
nic trioxide was produced by two U.S. com- 
panies. The major producer voluntarily re- 
ported its production to the Bureau of 
Mines, but to prevent disclosure of propri- 
etary data, the production data have been 
withheld. 

Legislation and Government Pro- 
grams.—In 1983, the Environmental Pro- 
tection Agency (EPA) proposed regulations 
governing arsenic emissions from copper 
smelters processing high-arsenic feed mate- 
rials, copper smelters processing low- 
arsenic feed materials, and glass manu- 
facturing plants. The proposed regulations 
would have required additional emissions 
controls on 14 glass furnaces, 6 copper 
smelters processing low-arsenic feed materi- 
als, and Asarco’s Tacoma, WA, smelter, the 


only smelter processing high-arsenic feed 
materials. The public comment period for 
the proposed standards, which had been 
extended twice at public request, ended on 
January 31, 1984. As a result of information 
submitted by commentators, EPA reevalu- 
ated low-arsenic copper smelters and signif- 
icantly changed some of its estimates of 
emissions and of the costs of controlling 
them. Inorganic arsenic emissions estimates 
were revised downward, and control cost 
estimates for converter operations and 
matte and slag tapping operations were 
generally revised upward. EPA then re- 
opened the public comment period, for con- 
sideration of its revised estimates, from 
September 20, 1984, until November 5, 
1984.2 It appeared likely that fewer low- 
arsenic smelters would require additional 
controls under the revised estimates. In 
addition, with the announced closing of the 
Tacoma smelter by June 1985, it appeared 
that the proposed regulations for high- 
arsenic smelters would be eliminated from 
the final regulations. 

In a reevaluation of emissions estimates 
for glass manufacturing plants, EPA deter- 
mined that the devices specified in the 1983 
proposed standards for controlling emis- 
sions of particulate arsenic from glass fur- 
naces would have limited effectiveness 
when used with soda-lime glass furnaces. 
These furnaces emitted a higher proportion 
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of arsenic in the vapor phase than did 
furnaces producing other types of glass. The 
comment period was reopened from March 
20, 1984, until April 19, 1984, to receive 
comments concerning emissions from 
plants that produce soda-lime glass. In 
reopening the comment period, EPA propos- 
ed three alternative regulatory options for 
soda-lime furnaces that would be subject to 
any add-on control requirements that may 
be included in the final standard.® 

After a review of regulations proposed in 
1981 for the wood preservative uses of 
creosote, pentachlorophenol, and arsenical 
compounds, EPA issued, on July 11, 1984, 
its final regulatory position on the use of 
these substances. It restricted use of the 
three preservatives to certified applicators, 
but excepted the brush-on application of 
inorganic arsenicals for commercial con- 
struction purposes. In addition, EPA speci- 
fied other regulations, such as the require- 
ment that workers at wood treatment 
plants wear respirators if the ambient arse- 
nic level is unknown or exceeds the 10- 
microgram-per-cubic-meter exposure level, 
and the requirement that wood pressure 
treaters provide consumer information 
sheets on the safe handling and disposal of 
treated wood.* As a result of court chal- 
lenges filed by the wood preservation indus- 
try, implementation of the regulations was 
postponed until after EPA hearings that 
were scheduled for September 1985. 


DOMESTIC PRODUCTION 


Arsenic trioxide and commercial-grade 
arsenic metal were produced at Asarco's 
Tacoma, WA, copper smelter. Arsenic triox- 
ide was recovered there principally as a 
byproduct of the smelting of imported high- 
arsenic copper concentrates and ores, main- 
ly from the Philippines and Chile, as well as 
from domestic arsenic-bearing residues and 
concentrates. Arsenic metal was produced 
from high-purity imported arsenic trioxide; 
the low-grade and antimony contamination 
of the arsenic trioxide produced at Tacoma 
made it unsuitable for metal production. 

Arsenic trioxide production at Tacoma 
was limited by the necessity of complying 
with Federal and local regulations on at- 
mospheric emissions of sulfur dioxide and 
arsenic. In June, Asarco announced plans to 
terminate copper smelting at Tacoma by 
June 30, 1985. The company cited low cop- 
per prices, a shortage of suitable concen- 
trates, and the estimated $150 million cost 
of meeting proposed Federal, State, and 
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local sulfur dioxide emissions standards as 
the reasons for closure. Although closure of 
the smelter would eliminate most of Taco- 
ma’s arsenic source material, Asarco plan- 
ned to keep the arsenic plant operating, at 
substantially reduced levels, in order to 
process arsenic-bearing residues generated 
at other Asarco nonferrous smelters.’ Asar- 
co reportedly was exploring alternatives to 
its roasting process for refining arsenic 
trioxide. 

In addition to purchasing refined arsenic 
trioxide, Koppers Co. Inc., a major producer 
of arsenical wood preservatives, produced 
high-purity arsenic trioxide at its plant in 
Conley, GA, from low-grade material im- 
ported from Canada. Arsenic trioxide was 
processed into arsenic acid, which was 
marketed or consumed internally in the 
production of chromated copper arsenate 
(CCA) wood preservatives. 

In January, Williams Strategic Metals 
Inc., Wheat Ridge, CO, reportedly began 
producing relatively small quantities of ar- 
senic acid directly from arsenic-bearing lead 
smelter flue dusts at its plant in Wyoming. 
The recovery process involved an oxidative 
leach at elevated temperature and pressure 
to dissolve the trivalent arsenic and convert 
it to pentavalent arsenic, making direct 
recovery of arsenic acid possible.* 

High-purity arsenic metal for use in 
electronic devices was refined from com- 
mercial-grade metal by at least two compa- 
nies: Asarco at its Globe, CO, plant and 
Canyonlands 21st Century Corp. at its Blan- 
ding, UT, facility. Two companies, Can- 
yonlands and Metallonics Inc., San Jose, 
CA, processed new gallium arsenide scrap 
from the electronics industry for gallium 
recovery. Arsenic was not recovered from 
the scrap. The arsenical residues were 
treated as a toxic waste. 


CONSUMPTION AND USES 


Arsenic compounds, principally arsenic 
trioxide, accounted for 97% of the arsenic 
consumed in 1984. Six producers of agricul- 
tural chemicals and two producers of wood 
preservatives accounted for most of the 
domestic consumption of arsenic trioxide, 
which was the starting material for the 
production of most arsenic compounds. Ar- 
senic acid, produced from arsenic trioxide, 
was used directly, or as intermediary prod- 
uct. The estimated end-use distribution of 
arsenic was 57% in industrial chemicals 
(principally wood preservatives), 32% in 
agricultural chemicals (principally herbi- 
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cides and desiccants), 6% in glass, 3% in 
metallic form in nonferrous alloys, and 2% 
in other uses (animal feed additives, phar- 
maceuticals, etc.). 

Arsenical wood preservatives for pressure 
treating wood represented the largest single 
end use for arsenic trioxide. In the prepara- 
tion of CCA wood preservatives, arsenic acid 
is mixed with copper oxide and chromic acid 
to form a leach-resistant, waterborne pre- 
servative for pressure treating wood. As a 
preservative, it controls fungi, insects, bac- 
teria, and marine borers, and, depending on 
the type of wood, may serve to extend the 
service life of wood by a factor of at least 
15.7 

The principal agricultural market for 
arsenicals was in cotton growing, where 
arsenic acid was used as a desiccant to aid 
in mechanical stripper harvesting of cotton, 
and other arsenical chemicals, such as 
monosodium methanearsonate (MSMA) and 
disodium methanearsonate (DSMA), were 
used as herbicides for control of grassy and 
broadleaf weeds. To a lesser extent, arseni- 
cal herbicides were used in noncrop areas 
such as railroad rights-of-way. Agricultural 
demand for arsenic increased markedly 
over the 1983 level, owing to expiration of 
the U.S. Department of Agriculture’s pro- 
gram of payment-in-kind (PIK), which had 
reduced cotton planting during 1983. Cotton 
planting in 1984 was at about the same level 
as in 1982. 

Arsenic trioxide and arsenic acid are used 
in the glass industry primarily as fining 
agents to remove tiny, dispersed air bub- 
bles, and also as decolorizing agents. Use in 
recent years has been limited to the pressed 
and blown glass sector, use in the flat and 
container glass industry having been vir- 
tually eliminated. Arsenic acid has become 
the preferred form of arsenic owing to 
dusting problems associated with the 
handling of arsenic trioxide. During 1984, 
arsenicals were used by an estimated 15 
glass plants manufacturing pressed and 
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blown glass products such as tableware, 
lead glass, optical glass, and glass ceramics 
such as ceramic cookware and stove tops. 

The bulk of metallic arsenic was used in 
copper- and lead-based alloys as a minor 
additive (about 0.01% to 0.5%) to increase 
strength in the posts and grids of lead-acid 
storage batteries and to improve corrosion 
resistance and tensile strength in copper 
alloys. A relatively small amount, less than 
10 metric tons, of high-purity arsenic metal 
was used in the electronics industry. Gal- 
lium arsenide and its alloys have been used 
in such products as light-emitting diodes 
and displays, room-temperature lasers, mi- 
crowave devices, solar cells, and photoemis- 
sive surfaces. The first commercially avail- 
able gallium arsenide integrated circuits 
(IC) were introduced in 1983. Because gal- 
lium arsenide devices, compared with sili- 
con devices, have higher operating frequen- 
cies, lower power consumption, lower noise, 
and superior resistance to radiation, they 
were expected to have extensive military 
application. 


PRICES 


The price of domestically produced arse- 
nic trioxide, guaranteed minimum 95% pu- 
rity, remained constant thoughout the year 
at $0.33 per pound for carload quantities, as 
supplies remained plentiful despite an in- 
crease in demand. Prices for arsenic triox- 
ide imported from Mexico declined in stages 
to $0.42 per pound by March. 

The yearend price of domestically pro- 
duced arsenic metal, marketed in 250-pound 
drums or 2,000-pound pallets, declined to 
210 cents pound. High-purity arsenic metal 
for electronics usage was sold in evacuated 
or argon-filled ampules to inhibit oxida- 
tion. Domestic material guaranteed to be 
99.999% pure, or better, sold for $100 per 
kilogram. Substantial premiums were paid 
for some imported material of higher guar- 
anteed purity. 


Table 1.—Arsenic price quotations 
(Cents per pound, yearend) 


Trioxide, domestic, 95% As3Os, f.o.b. Tacoma, VAM 
Trioxide, Mexican, 99.13% AseQs, f.o.b. Laredo, TX_ _ _ _ _ _ 


Metal, domestic, 99% As 


eee — — a — — —À — — — 


1982 1983 1984 
— OS 40 33 33 
171711 ERR SIN 59 45 42 
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Table 2.—U.S. imports for consumption of arsenicals, by class and country 


1982 1983 1984 
Class and country Quantity Value Quantity Value Quantity Value 


(metric (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) 


Arsenic trioxide: 


Australia = -—-- -------------------—- 11 8121 37 88 a= iot 
Belgium-Luxembourg -.---------------- 1,080 1,205 946 848 843 $654 
BI ĩð zA ĩ ⁵⁵⁵ Ce Ee 22 43 8 EN 16 4 
Canada — csse c eU. a et 3,352 786 2,525 542 4,761 1,468 
eee PORRO i i heen cc ota cE ages l, 1,998 17 36 = 
JJ ! 1.992 2.479 667 706 1.261 849 
3 Federal Republic off 16 19 1 6 (*) 1 
Hong Kong - - - - - ------------------- 1 1 -— NUS NA sa 
Japan so oes uc ei ELE C es (?) 1 n a 
Korea, Republic of ------------------—- 186 289 Be = 68 51 
A 88 2,216 3,341 2.531 2,700 3,115 2,820 
i E uU eund E "€: M 16 11 mds Lt. 
Netherlands 36 42 m Dies E s 
South Africa, Republic of |... 17 
Wedel ois oe ³⁰¹w ce 4,192 4,717 3,430 3,528 3,914 3,608 
Taiwan «cose oe oe ee ek TS e M 
USSR- aou nc uA E 30 68 ER Tr E a 
United Kingdom k 29 24 EN — ne d 
Zimbab bd 34 33 -- e = a 
Iiir ⁵ 14,599 15,241 10,186 8,406 13,985 9,454 
Arsenic acid: 
Australig noL eR iE mE zu e 14 54 21 15 
Conpda J [ = AS ES d (3) 1 
d ð v ĩͤ anaes EO) i "et 94 34 NN 
Germany. Federal Republic off ds EN ) 2 (?) (3) 
J77§˙·Ü%é %⅛Üj: 8 ze oe mies eT () 
II tt dius ee ees aee ee ae: — UN 65 51 
United Kingdom .........----------- 699 865 2,271 2,304 2,420 1,973 
ji. 0 ORE 699 865 2,385 2,394 2,506 2,047 
Arsenic sulfide 
Canada —.— — ceat se hus 18 4 () (3) 20 3 
Japan cca tt hs EE oe 1,127 1,522 (1) 1 
e es ruere Ea DE (1) ES "—- EN TN 
% ³ĩÄ¹ 18 9 1,127 1,522 20 4 
Arsenic metal: 
Belgium- Luxembourg L- m (1) 7 p" 

11 p 4 297 6 328 21 712 
Fö;à—: 31 133 128 428 102 350 
FFH ⁵²˙· AAA ulum. Iac EAE FEM "E m ENS (1) 4 
Germany, Federal Republic off 1 47 1 111 2 215 
„ eth nce sei A E 4) 3 1) 30 1 127 
Netherlands MM m TR oe 585 19 
Sweden ß le Le ees 100 523 108 435 158 614 
United Kingdom . kk (1) 141 (1) 162 15 87 

Total ͤͤõõͤ ³¹Ü¹¹ͤ¹ m eee 136 1,044 243 1,401 304 2,127 
Lead arsenate: 
Netherlands UN E Sa -— 12 26 
/ 2 da oue mas tu d de reus 170 321 17 35 54 105 
Other sc oce olay Gt 1) (?) (3) 2 7 14 
Totali out Eng EL 170 321 17 37 73 145 
Sodium arsenate 
TO et ee a 416 104 E 8 ENS b 
G; AAA 1 5 (1) 2 1 3 
;öÜ;à le — en SS 477 109 (1) 2 1 3 
Arsenic compounds, n. e. c 
C) ——— —— MO ĩ MEE EN Rm S s T 17 588 
Sweden ———————— ACA s LLL (1) 5 17 22 17 20 
dem Kingdom 362 591 9 108 1 165 
22777 ⁵³ ; 8 () 20 3) 28 (3) 29 
Toal - heir a E E 362 616 26 158 35 801 
Revised. 
Less than 1/2 unit. 


Mata may not add to totals shown because of independent rounding. 
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FOREIGN TRADE 


In response to an increase in demand, 
imports of arsenic trioxide increased by 
37% over that of 1988. Imports of arsenic 
acid remained high for the second consecu- 
tive year, indicating arsenic acid's increased 
importance in world trade. 

Imports of arsenic trioxide from Canada 
were largely impure arsenic trioxide flue 
dusts generated during the roasting of ar- 
senical gold ores by Campbell Red Lake 
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Mines Ltd. and Giant Yellowknife Mines 
Ltd. A small portion of Canadian imports of 
arsenic trioxide were from Cominco Ltd.'s 
new arsenic recovery plant associated with 
the Con Mine in the Northwest Territories. 
Following its decision to discontinue smelt- 
ing operations at Tacoma, Asarco declared a 
force majeure on its smelter contract, set to 
expire in 1986, with Lepanto Consolidat- 
ed Mining Co. Inc. in the Philippines. In 
October, Asarco received its last shipment 
of high-arsenic Lepanto concentrates. 


Table 3.—U.S. import duties for arsenicals 


lm TSUS Most favored nation (MFN) Non-MFN 
No. Jan. 1, 1984 Jan. 1, 1987 Jan. 1, 1984 
Arsenic metall 632.04 0.8 cent per pound Free 6.0 cents per 
Trioxide and sulfide 417.62, Free ___-do ______ ne 
Other compounds are 4.2% ad valorem _ 3.7% ad valorem _ 25% ad valorem. 
WORLD REVIEW Japan.—Japan was a leading world pro- 


. The announced closing of Asarco’s Taco- 
ma smelter, the market economy countries' 
largest producer of arsenic trioxide, was not 
expected to result in a shortage of arsenic 
trioxide. Several new facilities, which were 
under construction or experiencing startup 
difficulties during 1983, were reportedly 
producing refined arsenic trioxide by year- 
end 1984. 

Canada.—Cominco's plant in Yellow- 

knife, Northwest Territories, which had 
been commissioned in 1982 and which had 
been experiencing startup difficulties, re- 
portedly shipped a small quantity of refined 
trioxide into the United States during 1984. 
When fully operational, the refinery was 
expected to have a capacity of 5,000 tons per 
year. 
Chile.—The El Indio Mine roaster and 
arsenic trioxide refinery came on-stream 
during the fourth quarter of 1983. Problems 
with production consistency, which had re- 
quired the trioxide to be further refined 
elsewhere, were remedied, and during 1984, 
El Indio reportedly began production of 
marketable-grade, 97% minimum purity ar- 
senic trioxide. The refinery was expected to 
have a capacity of 300 to 400 tons per month 
of arsenic trioxide. 


ducer of high-purity arsenic, with at least 
three companies, Furukawa Mining Co. 
Ltd., Mitsubishi Metal Corp., and Rasa In- 
dustries Co. Ltd., producing high-purity ar- 
senic metal. Furukawa, a leading world 
producer and Japan's largest high-purity 
arsenic producer, reportedly doubled its 
production capacity in 1983 to 30 tons per 
year. Furukawa was also a leading producer 
of gallium arsenide wafers. Sumitomo Elec- 
tric Industries Ltd. developed capabilities 
for growing large, dislocation-free gallium 
arsenide crystals and was reported to be the 
largest world producer of gallium arsenide. 
In September 1983, Sumitomo Metal Min- 
ing Co. Ltd. started up a new arsenic triox- 
ide plant. The plant, with a reported capaci- 
ty of 700 tons per year of arsenic trioxide, 
processed arsenical residues from the com- 
pany's Toyo copper refinery.* | 
Philippines.—A roaster, built to handle 
Lepanto high-arsenic copper concentrates, 
was completed at the Philippine Associated 
Smelting and Refining Corp. complex on 
Leyte, and production reportedly began dur- 
ing the second half of the year. The roaster 
and associated arsenic plant had an esti- 
mated capacity of 8,000 tons per year of 
96%-minimum-purity arsenic trioxide. 
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Table 4.—Arsenic trioxide: World production, by country? 
(Metric tons) 
Country? 1980 1981 1982 1983P 1984* 

rc ³˙¹w . mis treu, ne 81 127 261 107 130 
Canada*__________________________ ae, E —-— "e 1,000 
(mi. 8 . 8 deus wen 3,500 
Francek 5, 300 5, 200 5,100 84,700 5,000 
Germany, Federal Republic of 360 360 360 360 360 
J ³Üdb. ee 284 95 2100 r e300 500 
Korea, Republic off NA 170 306 560 NA 
Mexico___________________________ 6,932 6,517 4,740 4,557 4,500 
Namibia? — ec a a cote hg oe ll iE ee 1,288 1,370 1,895 1,126 92,504 
FFII o usen eli A teen he 2,415 2,164 1,663 1,110 1,100 
Portugal ß ree 200 196 200 190 180 
Sweden) ) 6,500 76,900 17,200 15,300 5,900 
USSR toic t.c uu LU 1,100 17,750 17, 800 17,900 8,000 
United States W W W W 
Zimbabwe_ ---------------------—--— 79 21 M eS ae 

Total 0 ee eh ee 731,199 "30,870 29,625 26,210 32,674 
T “Estimated. Preliminary. Revised. NA Not available. W Withheld to avoid disclosing company proprietary 

ata. 


Including calculated arsenic trioxide equivalent of output of elemental arsenic and arsenic compounds other than 
arsenic trioxide where inclusion of such materials would not duplicate reported arsenic trioxide production. 


?Table includes data available through June 4, 1985. 


Austria, Belgium, China, Czechoslovakia, the German Democratic Republic, Hungary, Spain, the United Kingdom, 
and Yugoslavia have produced arsenic and/or arsenic compounds in previous years, but information is inadequate to 
make reliable estimates of output levels, if any. The Philippines may have had some arsenic output in 1984 from the 
Pasar copper smelter, but available data are not adequate to make reliable estimates of output levels, if any. 

*Production of refined arsenic trioxide by Cominco Ltd. only; estimated from imports into the United States. Figure 


does not include low-grade residues expo 
Chile began producing arsenic trioxide durin 


to the United States for further refining. 
1983 from the El Indio gold-copper ores; however, it was not of 


marketable quality and required further refining by foreign producers. It has not been listed separately to avoid double 


counting. 
Reported figure. 
Output of Tsumeb Corp. Ltd. only. 


SOutput of Empresa Minera del Centro del Perú (Centromín Peru). 
9Output of arsenic trioxide for sale plus the arsenic trioxide equivalent of the output of metallic arsenic for sale. 


TECHNOLOGY 


As part of its research program for devel- 
oping hydrometallurgical methods for treat- 
ing complex ores and concentrates, the 
Bureau of Mines investigated an oxidative- 
electrolysis process for leaching sulfide ma- 
terials. Oxidative-electrolysis leaching on a 
variety of feed materials, including an enar- 
gite (CusAsS,) concentrate that contained 
10% arsenic, was performed in cells equip- 
ped with ion selective membranes to sepa- 
rate the anodic and cathodic reactions. Iron 
and arsenic ions dissolved in the anolyte 
were precipitated by increasing the pH. 
Two methods were investigated for recover- 
ing arsenic from the precipitate as market- 
able arsenic products.? 

Advances continued to be made in the 
development of gallium arsenide IC technol- 
ogy. Because of their high speed compared 
with silicon-based devices, gallium arsenide 
IC's are likely to play a major role in the 
international race to produce a new fifth 
generation" of computers, the ultrafast 
supercomputer.' Several Japanese elec- 
tronics companies were reportedly making 
gallium arsenide chips for the 3-year-old 


supercomputer project sponsored by the 
Japanese Ministry of International Trade. 
Similar research programs were underway 
in the United States and Europe. Early in 
the year, Sumitomo Electric in Japan 
announced that it had succeeded in growing 
large-diameter, dislocation-free gallium ar- 
senide single crystals for IC production. 
Development of gallium arsenide IC's had 
been hampered by the presence of disloca- 
tions in the crystal, which reduced the 
efficiency of the electronic devices. Use of 
the new material will reportedly make pos- 
sible high-yield production of large-scale IC 
chips. Commercial production was expected 
to begin in 1985.12 

A research project being conducted at the 
University of Washington to study how 
arsenic gets into the bodies of residents 
living in the vicinity of Asarco's Tacoma 
smelter received. more than $900,000 in 
funding from the U.S. Centers for Disease 
Control in Atlanta. The research, to be 
conducted over 2 years, was to focus on 
residents living within a 2-mile radius of 
the smelter.» Anaconda Minerals Co. 
agreed to finance the more than $1 million 
estimated cost for evaluating contamination 
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hazards associated with its dismantled Mon- 
tana smelter. The smelter site was on the 
EPA national priority list of hazardous 
waste sites that were targeted for cleanup. 


1007 


Part of the evaluation was to focus on the 
storage of an estimated 250,000 tons of high- 
arsenic flue dusts. 


CESIUM AND RUBIDIUM» 


Cesium, usually in the form of chemical 
compounds, was used mainly in research 
and development, including the develop- 
ment of magnetohydrodynamic (MHD) elec- 
tric power generators, thermionic energy 
converters, and biological research. Cesium 
was used commercially in electronic, photo- 
electric, and medical applications. Rubid- 
ium, usually in the form of chemical com- 
pounds, was used mainly in research and 
development. It was also used commercially 
in electronic and medical applications. 

Domestic Data Coverage.—Domestic da- 
ta for cesium and rubidium are developed 
by the Bureau of Mines from a voluntary 
survey of U.S. operations. Of the four oper- 
ations to which a survey request was sent, 
all responded, but only one company report- 
ed production of cesium and rubidium prod- 
ucts. Production data are withheld to avoid 
disclosing company proprietary data. 


DOMESTIC PRODUCTION 


Small quantities of cesium metal and 
compounds were produced from pollucite 
ore imported from Canada and Zimbabwe. 
Rubidium metal and compounds were pro- 
duced from imported lepidolite ores. 

The only producer of cesium and rubid- 
ium metals and compounds was the KBI 
Div. of Cabot Corp. at its plant at Revere, 
PA. The Callery Chemical Co., Callery, PA, 
a producer in past years, retained its pro- 
duction capacity and was considered a po- 
tential supplier. 


CONSUMPTION AND USES 


Data concerning specific end-use and con- 
sumption patterns for cesium and rubidium 
and their compounds were not available. 
Cesium and rubidium and their respective 
compounds were interchangeable in most 
applications, although cesium compounds 
were the most widely accepted because of 
their availability and price advantages. 

More than 75% of the cesium and rubid- 
ium consumed in the United States was 
used in research. The principal use in this 
application was developmental research on 


direct energy-conversion devices, such as 
MHD generators, solar photovoltaic cells, 
and thermionic and high-temperature 
Rankine-cycle turboelectric power genera- 
tors. Commercial consumption included 
uses for high-voltage rectifying tubes and 
for infrared lighting. Cesium chloride was 
used in photoelectric cells because its color 
sensitivity is higher than that of other 
alkali salts. 


PRICES 


Prices for cesium and rubidium com- 
pounds rose 7.5% in 1984, reportedly be- 
cause of higher costs of production. Metal 
prices, on the other hand, did not change 
from the 1983 levels. At yearend, cesium 
metal was $275 per pound for technical- 
grade and $325 per pound for high-purity 
metal. Rubidium metal prices were $300 per 
pound for technical-grade and $375 for high- 
purity metal. 


Table 5.—Prices of selected cesium and 
rubidium compounds in 1984 


Base price per pound? 
Compound High- 
Technical purty 
grade 
Cesium bromide |... $36.80 $74.70 
ium carbonate _______ 36.80 74.70 
Cesium chloride 39.20 78.00 
Cesium fluoride. .. |... 46.80 86.00 
Cesium hydroxide |... 44.40 83.90 
Rubidium carbonate... _ _ _ 89.80 134.40 
Rubidium chloride: 90.90 135.50 
Rubidium fluoride |. . .. 97.80 141.90 
Rubidium hydroxide. _ _ _ _ _ 97.80 141.90 


1Price is for quantities of less than 100 pounds, f.o.b. 


Revere, PA, excluding packaging costs. Prices effective as 
of Oct. 1, 1984. 


Source: Cabot Corp. (KBI Div.). 


FOREIGN TRADE 


The increase in imports was attributed to 
an increase in demand and the strengthen- 
ing of the U.S. dollar against foreign cur- 
rencies. Trade data on raw materials and 
metal were not available. 
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Table 6.—U.S. imports for consumption of cesium compounds, by country 


1983 1984 
Country Cesium chloride ae a unds, Cesium chloride d 5 
| Quantity Quantity Quantity Quantity 
(pounds) Value; (pounds) Value (pounds) Value (pounds) Value 
Austria NE S 13 $685 | os ee ates rc 
Canada 2-2 muc ae uu 2,406 2,093 E M EM 520 $4,100 
Germany, Federal l of 13,655 5507, 876 2,930 94,532 25,050 $741,468 18,206 626, 885 
Israel p eus 22 CPI S TM 100 30,000 
rr ot eremo eee et cen pte. 2a abis me s 210 60,087 
Netherlands METEO 220 10,949 m" — 11 Eh 231 11.980 
United I Kingdom: 5 EM A. 3 397 E a 9,207 69,925 
Total- — RE 13,875 518,825 5,352 | 97,107 | 25,178 748,817 : 28,474 802,977 
Table 7. —U. S. import duties for cesium and rubidium | 
S SUS Most favored nation (MFN) Non-MFN . 
e No. Jan. 1, 1984 Jan. 1, 1987 Jan. 1, 1984 
Ore and concentrate "NC 601.66 |o. MN HN Free Free. | 
Cesium ~- —---------------—- 415.10 6.5% ad valorem . 5.3% ad valorem . 25% ad valorem. | 
Cesium chloride. |... . . _ 418.50 4.8% ad valorem . 4.0% ad valorem . Do. 
Other cesium compounds 418.52 4.4% ad valorem _ -do n Do. 
Rubidium .............---- 415.40 4.2% ad valorem _ 3.7% ad valorem _ Do. 
Rubidium compounds 423.00 — do FFF Do. 
WORLD REVIEW use as octane enhancers or as fuels them- 


The Tantalum Mining Corp. of Canada 
Ltd. mine at Bernic Lake, Province of Mani- 
toba, Canada, the major world source of the 
cesium ore pollucite and the rubidium ore 
lepidolite, remained on standby throughout 
1984. The mine suspended operations at the 
end of 1982 owing to weak markets and 
large inventories.!e 


TECHNOLOGY 


Generation of high-energy alcohols for 


selves is one of the goals of the current 
intense investigations of catalytic reactions 
for hydrogenating carbon monoxide to ali- 
phatic alcohols. Recent work showed that 
cesium is the most effective promoter of the 
copper-zinc oxide-aluminum oxide catalytic 
system, designed to yield 2-methyl-1-pro- 
panol. This compound is of interest because 
of its high energy density compared with 
that of methanol, and its high octane num- 
ber. It is also a convenient source of iso- 
butene used in polymer synthesis.“ 


GERMANIUM:* 


Domestic production and consumption of 
refined germanium were estimated at the 
same levels as those of 1983. Infrared sys- 
tems and fiber optics continued to be the 
major markets for germanium. In 1984, 
germanium was added to the list of materi- 
als included in the National Defense Stock- 
pile. | 

Domestic Data Coverage.—Domestic re- 
finery production data for germanium are 
estimated by the Bureau of Mines based on 
discussions with domestic producers. 

Legislation and Government  Pro- 
grams.—On July 6, the Federal Emergency 


Management Agency announced that ger- 


manium was a strategic and critical materi- 
al.to be included in the National Defense. 
Stockpile with a goal of 30,000 kilograms. 1 

On June 27, the EPA proposed effluent 
limitations guidelines and standards under 
the Clean Water Act to limit effluent dis- 
charges to the waters of the United States 
and the introduction of pollutants into pub- 
licly owned treatment works from particu- 
lar nonferrous metals manufacturing facili- 
ties. The primary and secondary germa- 
nium and gallium subcategory, 1 of 24 
subcategories covered by this regulation, 
included proposed limits on effluent dis- 


charges from both new and existing plants. 
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Daily and monthly average maximum ger- 
manium contents of effluents emanating 
from these plants were proposed.  . 


DOMESTIC PRODUCTION 


Domestic refinery production from both 
primary and secondary materials for the 
year was estimated to be 20,000 kilograms. 
Based on the published U.S. producer price 
for refined germanium metal, the approxi- 
mate value of the production was $21 mil- 
lion. 

Refined germanium products were pro- 
duced by Eagle-Picher Industries Inc., Qua- 
paw, OK; KBI Div. of Cabot, Revere, PA; 
Atomergic Chemetals Co., Plainview, NY; 
and Rare Materials International (formerly 
Bunker Rare Metals), Irving, TX. 

On May 10, Gulf -- Western Industries 
Inc. (G W) announced the sale of its 60% 
interest in Jersey Miniére Zinc Co. to Union 
Zinc Co., the U.S. subsidiary of G--W's 
Belgian partner, Union Miniére SA. Includ- 
ed in the sale were the zinc refinery at 
Clarksville, TN, and two operating zinc 
mines also situated in Tennessee, the 
Gordonsville and Elmwood Mines. Ger- 
manium-rich residues were produced as a 
byproduct of processing zinc ores from these 
mines and were shipped to Métallurgie 
Hoboken-Overpelt SA (MHO) in Belgium, 
which is partially owned by Union Minière, 
for germanium recovery and refining. 

Musto Explorations Ltd. of Vancouver, 
Canada, reported that development work 
continued on a germanium-gallium project 
at the Apex Mine in St. George, UT. In 
addition to expansion and rehabilitation of 
this abandoned copper mine, dump material 
from previous operations was reclaimed and 
shipped to a processing plantsite where it 
was being stockpiled. Construction of à 
workshop, warehouse, and laboratory was 
completed, and work was begun on the 
main processing building. Upon completion, 
scheduled for May 1985, this plant was 
expected to process approximately 100 tons 
of ore per day. Production of germanium 
dioxide for the first 3 years of the project 
was expected to be 17,900 kilograms per 
year of contained germanium. 


CONSUMPTION AND USES 


The apparent consumption of germanium 
was estimated at 35,000 kilograms, the 
same level as that of 1983. The estimated 
consumption pattern by end uses of germa- 
nium in 1984 was as follows: infrared sys- 
tems, 60%; fiber optics, 15%; gamma-ray, 
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X-ray, and infrared detectors, 10%; semi- 
conductors, 5%; and other, 10%. 

The largest end use for germanium con- 
tinued to be in infrared optics, especially by 
the military for use in guidance and weap- 
on-sighting systems. Germanium-contain- 
ing lenses and windows transmit thermal 
radiation in a manner similar to visible 
light transmission by optical glass. Other 
important uses for germanium glass includ- 
ed nonmilitary surveillance and mon- 
itoring systems in fields such as satellite 
mapping and fire alarms. 

A growing market for germanium in 
recent years has been in fiber optics tele- 
communications systems. Fiber optics can 
be used as replacements for conventional 
wire telecommunication systems and is 
finding increased use because it can be 
installed in existing underground conduits 
where space is often at a premium. Fiber 
optic systems provide a compact, short- 
circuit-free transmission medium that is not 
susceptible to distortion by an electro- 
magnetic field and cannot be tapped by 
currently available technology. Although 
not used in all fiber optic systems, germa- 
nium in 1984 was an important constituent 
in many fiber optic cables. Although there 
was no apparent increase in demand for 
germanium in fiber optic systems during 
the year, the reported capacity expansions 
by fiber manufacturers and the announced 
plans for installation of new fiber optic 
systems indicated that potential growth in 
this end use could be significant. 

Corning Glass Works announced plans to 
expand manufacturing capacity for optical 
waveguide fibers at its Wilmington, NC, 
facility. The expansion would reportedly 
bring Corning’s total waveguide capacity to 
over 1 million kilometers of fiber per year 
in 1986.21 In 1984, SpecTran, a developer 
and manufacturer of optical communica- 
tions fiber, reported that it had begun 
operations at its newly expanded facility at 
Sturbridge, MA. The expansion would re- 
portedly double its fiber manufacturing 
capacity. Siecor Optical Cable Plant 
announced that it had begun operations at 
its newly expanded plant in Hickory, NC. 
By 1986, Siecor reported that it would be 
able to produce over 1 million kilometers of 
cabled fiber per year.? In 1984, Sumitomo 
Electric announced that it planned to build 
a fiber optics research and development 
facility in Research Triangle Park, NC, and 
Moses Lake Industries, the U.S. subsidiary 
of Japan’s Tama Chemical, announced 


1010 


plans to construct a fiber optics facility at 
Moses Lake, WA, near Seattle.: 

Sante Fe Southern Corp. and Norfolk 
Southern Corp. announced plans to con- 
Struct and operate a fiber optics system 
along 8,000 miles of right-of-way. The ven- 
ture, known as Fibertrak, would reportedly 
link 53 cities coast-to-coast.25 Union Pacific 
System, a unit of Union Pacific Corp., 
announced that it has signed agreements 
with American Telephone & Telegraph 
Co.’s (AT&T), AT&T Communication Unit 
interstate division; LDX Net Inc.; MCI Tele- 
communications Corp., a unit of MCI Com- 
munications Corp.; and United Telecom 
Communications Inc. to allow these compa- 
nies to install fiber optic cable covering a 
total of 6,700 miles along Union Pacific’s 
right-of-way in 14 States. The agreement 
covered rights-of-way in Arkansas, Califor- 
nia, Colorado, Idaho, Kansas, Louisiana, 
Missouri, Nebraska, Nevada, Oregon, Ten- 
nessee, Texas, Utah, and Wyoming.** Two 
companies, Market Link (a joint venture of 
London-based Cable & Wireless and Tel- 
Optic) and TransAtlantic Video, announced 
plans to construct trans-atlantic optical fi- 
ber systems to carry voice and data for 
corporate customers. 

Germanium was used as a substrate upon 
which gallium arsenide phosphide was de- 
posited to form an essential part of light- 
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emitting diodes. Germanium was also used 
in the manufacture of other semiconductor 
electronic equipment; to improve the hard- 
ness of aluminum, copper, and magnesium 
alloys; and, in some foreign countries, as a 
catalyst in the production of polyester fibers 
and plastic bottles. 


PRICES 


The published domestic producer prices 
for germanium metal and germanium diox- 
ide were unchanged throughout 1984 at 
$1,060 and $660 per kilogram, respectively. 
Competition from imported material led to 
some discounting by domestic producers. 


FOREIGN TRADE 


A comparison of the value per kilogram of 
imported germanium material with the 
published foreign producer price for germa- 
nium metal indicated that most of the 
increase in imported material was scrap 
containing various amounts of germanium. 
The estimated germanium content of the 
imported material was calculated to be 
approximately 6,000 kilograms. This figure 
excludes the germanium content of 104,580 
kilograms (gross weight) of very low-value 
imported material from Belgium-Luxem- 
bourg, as reported by the Bureau of the 
Census. 


Table 8.—U.S. imports for consumption of germanium, by class and country 


Class and country 


— a — — — e e ae e e e e mw ewe uo a e ee e 


Germany, Federal Republic of ----------------- 
Haly eaae uem a A ea 


Mi in 


gium- Luxembourg 
Canada - ett a f eee ⁊ 
1öĩ5ÜÄñ:? ³oÜ ¹ A eee S UAE c T m 
Germany, Federal Republic of ----------------- 
J) he se a 


1983 1984 
Gross Gross 
weight Value weight Value 
(kilograms) (kilograms) 

T 4,540 $1,737,715 108,508 $4,258,829 
ons en ee 47 91,5 

Me 651 455,184 = Wer 
os 1,328 635,696 3,600 1,493,087 
= 303 3,531,509 1,438 594,313 
5 1,683 635,507 P om 
ave 10 2,600 A "— 
— — 1,843 774, 095 249 111,283 
ae 910 542,463 Nu d 
aces 448 188,612 as M 
eats 4,075 617,274 1,432 230,977 
EA 15,791 9,121,255 115,274 6,780,001 
E 4,061 1,256,342 1,023 509,373 
oie fas ee 1 745 
SN 10 10,027 E es 
i 1,040 115,761 133 34,411 
oe mem zk 213 180,248 
DM 14 23,256 15 94,482 
PA 5,125 1,405,386 1,445 759,259 


Source: Bureau of the Census. 
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Table 9.—U.S. import duties for germanium metal and germanium dioxide 


iiem TSUS 


No. 
Germanium dioxide______________ 423.00 
Metal, unwrought and waste and scrap _ _ 628.25 soi 
Metal, wrought ________________ 628.30 


WORLD REVIEW 


World production was estimated at 75,000 
kilograms. Germanium was produced by 
MHO, Belgium; Société Miniére et Métal- 
lurgique de Penarroya, France; Societa 
Mineraria e Metallurgica di Pertusola S.A., 
Italy; Bleiberger Bergwerks Union AG, Aus- 
tria; and Preussag Metall AG, Federal Re- 
public of Germany. Germanium refineries 
were also located in China, Japan, and the 
U.S.S.R. 

Germanium metal production in Japan 
reached 8,211 kilograms, an increase of 25% 
compared with 1983 production levels. Japa- 
nese germanium dioxide production was 
reported to be 10,872 kilograms in 1984 
compared with 10,546 kilograms in 1983.27 


TECHNOLOGY 


A simple gold-mask technique was report- 
edly developed for use in the fabrication of 
germanium nuclear radiation detectors. A 
layer of gold deposited over the contacts of 


4.2% ad valorem 


6.8% ad valorem 


Non-MFN 
Jan. 1, 1984 


Most favored nation (MFN) 
Jan. 1, 1984 Jan. 1, 1987 


3.7% ad valorem 25% ad valorem. 


5.5% ad valorem 45% ad valorem. 


the detectors acts as a mask for chemical 
etching and surface treatments. The gold 
also serves as a reliable, low-resistance 
electrical connection to the underlying ger- 
manium contact. These detectors reportedly 
can be used in medical imaging, gamma-ray 
astronomy, and high-energy physics.?* 

Sumitomo Electric announced the devel- 
opment of optical fibers that are strongly 
resistant to large amounts of radiation. The 
new product has a fluoride mixture as its 
core instead of the germanium used for 
conventional fiber optics. Because of the 
fiber’s reported resistance to gamma rays, it 
could be used for information processing 
systems at nuclear powerplants.” 

A report describing a method for deter- 
mining germanium in coal ash and fly ash 
by the use of inductively coupled plasma 
atomic emission spectrometry (ICP-AES) 
was published. ICP-AES, with use of a high- 
resolution spectrometer, reportedly provid- 
ed germanium determination virtually free 
of spectral interferences.*° | 


INDIUM?! 


Indium was produced by Indium Corp. of 
America, Utica, NY; NJZ Alloys Inc., a joint 
venture of New Jersey Zinc Co. and Indium, 
at a plant in Palmerton, PA; Williams 
Strategic, Wheat Ridge, CO; and the Arco- 
nium Corp., Providence, RI. Both NJZ and 
Williams Strategic sent their indium prod- 
uct to Indium for further refining and 
marketing. Domestic production in 1984 
remained about the same as in 1983, and 
imports maintained a significant market 
share. The Bureau of Mines does not pub- 
lish domestic production data on indium. 
Small quantities of secondary indium were 
available from specialty metal recycling 
firms. 


CONSUMPTION AND USES 


Indium consumption increased slightly, 
primarily as a result of a continuing gener- 
al economic improvement. Usage in the 
categories of fusible alloys and solders re- 


mained strong. New indium solders were 
developed during the year. Consumption for 
nuclear control rods remained low, essen- 
tially at a replacement level. Research con- 
tinued on a broad range of possible new 
uses, especially for solar cells and an 
indium-tin oxide coating for flat glass that 
would be transparent, electrically con- 
ductive, and prevent entry of infrared rays. 
Estimated consumption patterns for indium 
metal were electrical and electronic compo- 
nents, 40%; solders, alloys, and coatings, 
40%; and research and other uses, 20%. 


PRICES 


The producer price of indium was $2.65 
per troy ounce at the beginning of the year 
but was lowered sharply to $1.43 per troy 
ounce later in January. The price was 
raised in several stages by April to a year's 
high of $3.60 per troy ounce, then later 
declined in two stages to end the year at 
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$3.10 per troy ounce. 


FOREIGN TRADE 


Imports of indium leveled off after sever- 
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al years of sharp increases. Belgium-Lux- 
embourg was the leading supplier in 1984, 
followed by France and the United King- 
dom. 


Table 10.—U.S. imports for consumption of indium, by class and country 
(Thousand troy ounces and thousand dollars) 


a d " 1982 1983 1984 
e Quantity Value Quantity Value Quantity Value 
Unwrought and waste and scrap: 
Belgium-Luxembourg ----------------- 141 452 218 556 263 837 
Canada 2.22 ð dmg eme 14 124 33 135 26 98 
CHING 2 oe ⅛ w:: E ts NC (1) 10 7 19 
FFI! ³ðͤ 8 83 226 278 521 231 844 
Germany, Federal Republic of |... eis t (3) 1 13 43 
Hong Ronge Ln A" (1) 12 x "M 
Irélarid— ———— e ⁰ er Le 24 59 "T m = n5 
| (71) EORR ͥ⁰·¹ĩ CTO 165 292 259 435 101 207 
Japan. accen es n a 114 323 3 24 9 40 
Netherlands 23 69 16 37 78 242 
"x MER RN DNA OH EM oh 26 96 49 129 84 218 
Switzerland ___________ „ aes ESE 32 77 58 125 
TAIWAN c cu ieu AA EE Em ies NM Sa 8 42 
CC ͥ d uae ede xt x: E RS 19 
United Kingdom -----------------—-- 95 486 182 780 130 1,575 
'Total* (i Det 685 2,127 1,071 2,719 1,015 4,365 
Wrought 
Canada ͤ·§˙Ü¹· ini ⁰ aana m - n zn (1) 62 
Germany, Federal Republic off a xc (1) 1 (£) 1 
Hong Rng = M (1) 5 d rs 
T ³¹¹ꝛoAaAu ͤ K ci eL E 0¹) 2 1 11 2 40 
FHC(C⁰¹ A E E ĩ A eg M AE "T en 1 3 
OO NNMERO ( 8 i — e SR (7) 2 
United Kingdom ______~__~_~_~__________ 1 57 1 59 4 104 
NM ³¹Ü'˙˙²ͤ ]]] Lu rh: 1 59 2 76 7 212 
1Less than 1/2 unit. 
Data may not add to totals shown because of independent rounding. 
Table 11.—U.S. import duties for indium 
Ite TSUS Most favored nation (MFN) Non-MFN 
m 
No. Jan. 1, 1984 Jan. 1, 1987 Jan. 1, 1984 
Unwrought, waste, and crab 628.45 0.8% ad valorem Free 25.0% ad valorem. 
Wrought indium _____________~_ 628.50 5.6% ad valorem 3.6% ad valorem 45.0% ad valorem. 
Indium compounds 423.96 1.9% ad valorem Free 25.0% ad valorem. 
WORLD REVIEW TECHNOLOGY 


World production remained about the 
same as in 1988. Major world refiners in- 
cluded Cominco in Canada, MHO in Bel- 
gium, Pefiarroya in France, Nippon Mining 
Co. Ltd. in Japan, Minero Perú Comercial 
in Peru, and Mining and Chemical Products 
Ltd. in the United Kingdom. 


Research continued on applications for 
indium in the solar cell field. Systems 
investigated included  gallium-indium- 
arsenide, indium phosphate, and copper- 
indium-diselenide.*? 

In the field of fiber optics, an indium 
phosphide system was investigated for pos- 
sible use as an emitter to operate in a 
desired wavelength range. 
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RHENIUM*?* 


Rhenium was processed by one domestic 
firm in 1984. Consumption of rhenium in- 
creased an estimated 16% over that of 1983 
to 10,200 pounds. Imports increased from 
6,570 pounds in 1983 to 8,752 pounds in 
1984. The major use continued to be bi- 
metallic platinum-rhenium catalysts to pro- 
duce low-lead and lead-free gasoline. The 
price of rhenium was level throughout the 
year, at $250 per pound for the metal and 


$200 per pound for ammonium perrhenate. 

Domestic Data Coverage.—Domestic 
mine production data for byproduct rhe- 
nium are developed by the Bureau of Mines 
from a single voluntary survey of U.S. 
porphyry-copper-molybdenum operations. 
Of the 23 operations to which a survey 
request was made, all responded, represent- 
ing 100% of the total production shown in 
table 12. 


Table 12.—Salient U.S. rhenium statistics 


(Pounds of contained rhenium) 


1980 

Mine production 14,200 
Recover) W 
Consumption ___________________ 7,300 
Imports (metal __ -—--------------—- 513 
Imports for consumption of ammonium 

perrhenate ___________________e 4,991 
Stocks, Dec. a!!l1y1. „ W 


1981 1982 1983 1984 
15,800 11,200 8,100 8,600 
W W W W 
6,600 5,900 8,800 10,200 
980 176 623 1,962 
9,089 5,193 5,947 6,790 
W W W W 


“Estimated. W Withheld to avoid disclosing company proprietary data. 


1Calculated rhenium contained in MoS2 concentrates. 
In prior years, this was shown as mine production. 


DOMESTIC PRODUCTION 


Rhenium is contained in molybdenite 
(MoS.) concentrates, which are produced as 
a byproduct of porphyry copper ores from 10 
mines located in the southwestern United 
States. Mine production in table 12 was 
calculated to be the rhenium content of 
MoS. concentrates. 

Duval Corp. was the only domestic pro- 
ducer to recover rhenium in 1984. Four 
other past producers—Kennecott Copper 
Co. Inc., M&R Refractory Metals Inc., Moly- 
corp Inc, and S.W. Shattuck Chemical 
Co.—remained idle owing to the relatively 
low price for rhenium. 


CONSUMPTION AND USES 


Domestic consumption of rhenium in- 
creased an estimated 16% over that of 1983 
to 10,200 pounds. Platinum-rhenium bi- 
metallic reforming catalysts are used by the 
petroleum industry to produce low-lead and 
lead-free high-octane gasoline. These cata- 
lysts compete with monometallic platinum 
catalysts and with other bimetallic cata- 
lysts that are used in the reforming process. 
Although the rhenium content ranges from 
0.25% to 0.9%, by weight, the majority of 
these catalysts contain 0.3% rhenium and 
0.3% platinum, using alumina as the sup- 


port medium. 

Of the three basic types of bimetallic 
reforming catalysts, the semiregenerative 
type accounted for about 60% of the total 
reforming capacity in 1984. This type of 
catalyst requires process shutdown for re- 
generation at specified intervals. Cyclic and 
other types (nonregenerative, continuous, 
and moving-bed systems) accounted for 10% 
and 9%, respectively, of the total reforming 
capacity. An estimated 80% of the total 
reforming capacity employed platinum- 
rhenium catalysts. Other applications of 
reforming platinum-rhenium catalysts in- 
clude the production of benzene, toluene, 
and xylenes. 

About 9% of the total consumption of 
rhenium was used in the form of powder or 
alloys. The major portion of rhenium used 
in these forms was contained in tungsten- 
rhenium and molybdenum-rhenium alloys. 
When alloyed with other metals, rhenium 
improves their mechanical and electrical 
properties, acid and heat resistance, wear 
and corrosion resistance, and durability. 
Rhenium was used in the manufacturing of 
thermocouples, ionization gauges, electron 
tubes and targets, metallic coatings, semi- 
conductors, heating elements, high-tem- 
perature nickel-based alloys, vacuum tubes, 
mass spectrographs, and electromagnets. 
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PRICES 


The price of rhenium remained level 
during the year. The price of ammonium 
perrhenate was $200 per pound, and the 
average price of rhenium metal was about 
$250 per pound. 


FOREIGN TRADE 


U.S. imports for consumption of rhenium 
totaled 8,752 pounds, an increase of 33% 
over that of 1983. Ammonium perrhenate, 
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with 6,790 pounds of metal content, was the 
main form of rhenium imported. This repre- 
sented a 14% increase over that of 1983. 
The value of these imports was about $1.1 
million. About 71% of the imports of ammo- 
nium perrhenate originated from Chile, 
17% from Italy, and 12% from the Federal 
Republic of Germany. Imports of rhenium 
metal totaled 1,962 pounds, which repre- 
sented a 215% increase over that of 1983. 
The value of these imports totaled $449,459. 


Table 13.—U.S. import duties for rhenium materials 


TSUS 
Item N o. 
Unwrought meta 628.9000 
Wrought metall .9500 
Ammonium perrhenate |... 411.4420 


4.2% ad valorem 
6.8% ad valorem 
3.4% ad valorem 


Non-MFN 
Jan. 1, 1984 


Most favored nation (MFN) 
Jan. 1, 1984 Jan. 1, 1987 
25% ad valorem. 


45% ad valorem. 
25% ad valorem. 


3.7% ad valorem 
5.5% ad valorem 
3.1% ad valorem 


Table 14.—U.S. imports for consumption of ammonium perrhenate, by country 


(Rhenium content) 
1982 1983 1984 
Country Quantity Value Quantity Value Quantity Value 
(pounds) (thousands) (bounds) (thousands) (pounds) (thousands) 
fC0ö˙—˙⁊] 8 4,609 $669 4,057 $712 4,827 $740 
aid Federal Republic of 584 134 1,890 419 805 131 
J 8 M" s SE oie 1,158 181 
Total. lene ce ee 5,193 803 5,947 1,131 6,790 1,052 
Table 15.—U.S. imports for consumption of rhenium metal, by country 
1982 1983 1984 
Country Gross Gross Gross 
weight Value weight Value weight Value 
(pounds) pounds) (pounds) 
Fanee "m AS E 2 $920 
Germany Federal Republic of 174 $87,413 613 $174,000 1,836 423,032 
7) ĩͤ ͤ A Ss in ane MR 100 19,500 
United Kingdom __________~_ a 556 n ms 2 417 
Other! A s as La Ee 10 6,000 22 5,590 
r Eh ante th able) 176 87,969 623 180,000 1,962 449,459 


Includes Austria, Singapore, Sweden, and Switzerland. 


WORLD REVIEW 


World production of rhenium was esti- 
mated to be 30,000 pounds, exclusive of U.S. 
production. Rhenium was recovered from 
byproduct MoS. from prophyry copper de- 
posits in Canada, Chile, Iran, Peru, the 
U.S.S.R., and the United States. In addition, 
the U.S.S.R. also recovered rhenium as a 
byproduct from the Dzhezkazgan sedimen- 
tary copper deposit in Kazakhstan. Rhe- 
nium metal and compounds were recovered 


from molybdenum concentrates in Chile, 

. France, the Federal Republic of Germany, 
Sweden, the U.S.S.R., the United Kingdom, 
and the United States. 

Canada.—The Island Copper Mine in 
British Columbia continued to be the sole 
producer of rhenium in Canada. MoS, con- 
centrates, which contained approximately 
9,400 pounds of rhenium, were exported. 

Chile.—Chilean recovery of rhenium was 
estimated at 8,000 pounds, the largest 


arlet economy 
e~vered by the 


_moun’ He? 
production and demand 
compared with 1983 lev- 
id roduction was much lower 
V?" while imports increased sub- 
dect imbalance between produc- 


e\Smand as well as reportedly 
\‘buying resulted in a sharp in- 
ie price of selenium. 

ic Data Coverage.—Domestic da- 


1980 
United States: 
Production, primary refined 1140,880 
Shipments to consumers 140,960 
Exports, metal, waste and scrap- . 81,769 
Imports for consumption 283,709 
Apparent consumption ____________ 342,901 
Stocks, yearend, producer?__________ 284,394 
Dealers’ price, average per pound, 
commercial-grade*®* _____________ 4$10.95-$12.66 
World: Refinery production ___________ T1 275,644 
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independent converting facility Molibdenos 
y Metales S.A. on a toll basis. 


SELENIUM?” 


ta for selenium are developed by the Bureau 
of Mines from a voluntary survey of U.S. 
operations. The four domestic refiners of 
selenium responded to a survey of their 
stocks, primary refined production, and 
shipments of selenium to consumers. Their 
reported figures represent 100% of the data 
shown for those items in table 16. 


Table 16.—Salient selenium statistics 


(Kilograms of contained selenium unless otherwise specified) 


1981 1982 1983 1984 
251,949 242,996 353,860 W 
207,854 307,610 374,030 224,401 
60,523 117,267 93,368 122,929 
311,566 347,829 297,029 376,946 
458,898 537,672 577,691 478,418 
292,558 254,210 152,790 139,159 
84.38 83.53 $3.87 $9.02 
71,274,938 1,144,495 P1,407,311 1,180,729 


*Estimated. Preliminary. 


"Revised. W Withheld to avoid disclosing company proprietary data. 


1Production includes net production of granular selenium, a semirefined form of selenium. 
2Granular selenium, a semirefined form of selenium, is included in stocks. 


3Metals Week. 


*Producers’ price of commercial and high-purity grades. In 1981, producers ceased listing published prices. 


DOMESTIC PRODUCTION 


The majority of primary selenium was 
recovered from anode slimes generated in 
the electrolytic refining of copper. Selenium 
also was believed to have been recovered 
from lead slimes and nonferrous flue dusts. 

During 1984, primary selenium was re- 
covered from both domestic and imported 
materials at four U.S. copper refineries: 
AMAX Copper Inc., at Carteret, NJ; Asarco, 
at Amarillo, TX; Kennecott, at Magna, UT: 
and Phelps Dodge Refinery Corp., at El 
Paso, TX. Production at the AMAX refinery 
was reduced sharply in 1983 and future 
production was expected to be minimal. The 
Phelps Dodge refinery started operating its 
new selenium refinery unit during the first 
quarter. Selenium-bearing copper slimes 
from other domestic copper refiners were 
either shipped to the above refineries or 
exported for processing. 

High-purity selenium metal and various 
selenium compounds were produced from 
commercial-grade metal by the four copper 
refineries and other processors. 

Scrap xerographic materials containing 


selenium were exported to Canada and the 
United Kingdom for processing to recover 
selenium. 


CONSUMPTION AND USES 


After increasing for 3 consecutive years, 
apparent consumption in 1984 of refined 
selenium decreased 17% from the 1983 
level. Requirements for consumption were 
met from increased net imports and stocks 
as production declined from 1983. Consump- 
tion of selenium decreased in all major end 
uses. Estimated consumption of selenium by 
end-use category was electronic and photo- 
copier components, 35%; glass manufactur- 
ing, 30%; pigment and chemicals, 25%; and 
other, including metallurgy and agricul- 
ture, 10%. 

The major electronic use of selenium was 
as a photoreceptor on the drums of plain 
paper electrophotographic copiers. Demand 
was strong in 1984 and contributed signifi- 
cantly to overall consumption. Use of seleni- 
um as a semiconductor in the production of 
selenium rectifiers decreased markedly 
with the advent of low-cost silicon rectifiers. 

The continued recovery of the U.S. auto- 
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mobile and construction industries contrib- 
uted to a strong demand for selenium- 
containing pigments. These pigments, 
which range in color from light orange to 
maroon, depending on the selenium con- 
tent, have good heat stability and are im- 
portant colorants for plastics, glass, and 
ceramics. The primary use of selenium in 
the glass industry was in container glass, 
where it was used to decolor the yellow- 
green tint imparted by ferrous ions. Also, 
selenium was used in architectural plate 
glass, where it was used in combination 
with cobalt oxide and iron oxide to reduce 
solar heat transmission. 


STOCKS 


Producer stocks declined as stocks of 
granular selenium, a semirefined form of 
selenium, were processed into refined prod- 
ucts. Stocks declined for the third consecu- 
tive year, to the lowest level since 1976. At 
the 1984 rate of consumption, yearend pro- 
ducer stocks represented less than a 4- 
month supply. 


PRICES 


Standard commercial-grade selenium av- 
eraging 99.5% selenium was sold as powder, 
available in several mesh sizes, or as small 
lumps or shot. High-purity selenium con- 
taining 99.99% selenium or better was 
marketed as pellets or sticks. Specifications 
for pigment-grade selenium powder gener- 
ally required a selenium content of 99.8%. 


Other forms of selenium available included 


selenium dioxide, ferroselenium, sodium 
selenite, and sodium selenate. 

During January and February, the deal- 
ers’ price for commercial-grade selenium 
ranged from $4.00 to $5.10 per pound. In 
March, the price increased sharply to a 
peak of $12.00 per pound. The increase 
resulted from strong demand, speculative 
buying, and decreased production. For the 
remainder of the year, the price ranged 
from $9.00 to $11.50 per pound. The average 
annual price was $9.02, 2-1/3 times that of 
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1983. 


FO«IGN TR, 


Decreased domest m 
ments failed to meet the c. 
consequence, imports incréas, 
and were the highest since the ip. 
1975, when 403,000 kilograms of a 
was imported. Canada continued v 
largest supplier of imported seleniu. 
al, with an increase of 53% over 
imports. Belgium, the Federal Republ. 
Germany, Japan, and the United King 
were the other major import sources. A 
proximately 75,000 kilograms of the import- 
ed selenium, primarily from the United 
Kingdom, was refined from scrap that had 
been exported from the United States for 
processing. 

Exports increased to the highest level 
since 1979, when exports peaked at 151,000 
kilograms. In 1984, the United Kingdom 
was the recipient of about one-third of the 
exported selenium materials, primarily 
scrap. Exports to the Federal Republic of 
Germany and Japan increased almost sev- 
enfold and threefold, respectively, and 
accounted for most of the increased exports. 


Table 17.—U.S. exports of selenium metal, 
waste and scrap in 1984, by country 


Quantity 
Country Gee of Value 
selenium) 
Argentina Lua 1,089 $10,200 
Belgium- Luxembourg 322 5,141 
CTT 254 8,100 
c meam nc v omnc 2,462 39,365 
. 5,517 24,313 
r 7,831 198,864 
P 1,758 38,173 
Germany, Federal 
Republic ff 13,769 139,413 
JE a 91 3,000 
J an ee cee ges 27,255 186,992 
— ENCORE A A 1,799 28,150 
Netherlands 6.822 82,744 
Switzerland .......-— 7,983 1,060 
PR See ee ACE 499 11,000 
United Kingdom 45,480 139,450 
A 1122,929 1,586,565 


1Data do not add to total shown because of independent 
rounding. 
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Table 18.—U.S. imports for consumption of selenium in 1984, by class and country 


Quantity 
Class and country 0 Value 
selenium) 
Unwrought and waste and scrap: 
Belgium-Luxembourg _______~_~_~_______~______________________-_ 47,483 $1,084,424 
ee ))))övwß.;˖vw ð⁵ RECEN 8 130,317 2,186,063 
))))... —— À———— a Ó—À M , , 
Germany, Federal Republic of |... tk „„ 23,364 402,088 
apan ↄ ↄ ↄ W ↄ 0 ⁵ A a al ee dela ieee EE. 46,074 1,904,155 
Netherlandé re su ey ⁰ su d i Ru ee eet 2,155 64,610 
J))))))ö00GVꝙV:; ß y RACES 2,994 32,605 
Fill a a a a ⁰⁰m Cs ad DE Rd. 5,000 59,525 
weden- ß A tea d d CEN e Nt 1,032 26,258 
United Kingdom ___________ lnßrnn „ 80,844 964,306 
·ÄÜ⁵5 ⁵ꝰði ⁰yppßſddd ðV—vy e UE 343, 361 7,388,049 
Selenium dioxide: 
Belgium-Luxembourrrfr ggg ~~ ~~ „„ 35 529 
Germany, Federal Republic oa!!! „„ 5,598 121,704 
HVööVõůÜÜ⁰¹ ꝑ Vd v 8 71 4,500 
%] ſ%⁰ ⁰ ³⅛oww cloche y Le e M AE 29 1,586 
I ³ow 5,733 128,319 
Selenium salts: 
)J ³ↄ ↄ TTA... arce. 6,399 6,397 
Korea, Republic ooł¶H „„ 4,429 6,197 
Pw AAſͥſͥ ⁵ a ² T ES 50 4 
United Kingdom — ³ð³/ / ð -! Ru mes nec 193 6,821 
! xo o scc ͥ ⁰ %¼ ˙7˙e.i] A e 11,071 19,815 
Sodium selenite: 
%0⁵⁵ũ˖ũ˖ ᷑ꝗ § ͥAAdſſſſĩõĩV ⁵ ͥdͤ n... NER Ce REET 460 17,223 
Germany, Federal Republic oůuffff L ll LLL LL 222-2 1,154 28,145 
CCCP oc c x M Der ee EUM w- y EE 5 
Spain ETENE SE de,, e e ß REM 1,150 20,939 
United Kingdom ĩ˙?êk? 5 a G x 8 9,968 249,974 
GON ci its San Se i a ren 8E 13,182 346,473 
Other selenium compounds: 
Germany, Federal Republic of — - —- -- -----------------—---—---——-———- 13 1,548 
// ³ð³Q¹ijAÜ. ðL0ydͥ ⁰-0ꝶłßK ⅛ k yy y 2,574 133,671 
N ³ 0M. yd ͥ dd d A LL AE ee 42 482 
SWedell. ³o¹w¹¹ ¹³¹ . ⁰¹¼ô ſfꝗ20g vꝛydd : UNIO ER DERE E 170 2,107 
United Kingdom id ꝛ˙ ů ͤ·ſʒ;8 ! 800 33,400 
ö ³ĩ˙w¹u ⁰ rid 3,599 171,208 
Grand total- P LL IL uL eiie oe 376,946 8,053,864 
Table 19.—U.S. import duties for selenium 
Ite TSUS Most favored nation (MFN) Non-MFN 
m FS — —..— ͤ—é—— —ęͤ—— b. —— ſ— RT 
No Jan. 1,1984 Jan. 1. 1987 Jan. 1, 1984 
Selenium metlldlsjlss 2222-2 632.40 Free Free Free. 
Selenium dioxide and salt 9 —— do - iud) cc Do. 
Sodium selenite and other selenium compounds 421.625, 4.2% ad 3.7% ad 25% ad 
420.54 valorem. valorem. valorem. 
WORLD REVIEW Canada's largest selenium recovery plant at 


its Montreal East refinery. This plant proc- 
Estimated world production of selenium essed imported selenium scrap as well as 


increased slightly over the 1983 level, and copper anode slimes. Inco Ltd. was Canada's 
was higher than the estimated world de- second largest producer of selenium at its 
mand of about 1,300 metric tons. Copper Cliff refinery in Ontario. 
Canada.—Noranda. Mines Ltd.'s Canadi- Although Canada was a major world pro- 
an Copper Refiners Div. (CCR) operated  ducer of selenium, it consumed less than 


I 
i 
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5% of its production, primarily in the glass 
industry. Most of its selenium production 
was exported, the United States being the 
largest recipient. 

Japan.—Japan was the world's largest 
producer of refined selenium, derived pri- 
marily from imported copper concentrates. 
Mitsubishi was the largest selenium produc- 
er in Japan, with an estimated capacity of 
200 tons per year at its Osaka precious 


metals plant, which treats copper anode 
slimes. At least three other Japanese com- 
panies, Mitsui Mining and Smelting Co. 
Ltd., Nippon Mining, and Sumitomo Metal, 
produced primary selenium. 

Some of the selenium material exported 
to the United States was refined from U.S. 
scrap that had been exported previously to 
other countries for processing. 


Table 20.—Selenium: World refinery production, by country! 


(Kilograms of contained selenium) 


Country? 1980 1981 1982 1983P 1984* 

Belgium? __—---------------------—— 60,000 60,000 60,000 60,000 60,000 
.... ee O 377,203 350,010 234,000 352,000 448,000 
J)õö˙ĩÄ5—i 8 17,100 33,665 23,011 43,869 40,000 
ld é 17,250 9.122 10,020 11,172 11,000 
D [T mac wh 88 4,148 4,104 5,351 3,684 4,000 
JHDHD oue. edle 3 471,311 428,081 410,490 433,122 “464,524 
Mexico- 55 8 46,000 12,000 29,000 24,000 26,000 
Peru e mecs wt y eee ete 22,908 22,478 20,851 19,553 19,850 
S ieee pe ee ne 51,000 44,000 “44,000 44, 000 45,000 
United States.. 140,880 251,949 242,996 353,860 W 
Yügoslavið 225 v nei oe Le 45,140 35,600 42,323 r *40,000 45,000 
Zambia o ks o LL Ais RE 22,104 23,929 22,453 22,051 417,355 

/// —— M —— 71,275,644 1, 274,938 1,144,495 1,407,311 1,180,729 


*Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; excluded from 


“Total.” 


Insofar as possible, data relate to refinery output only; thus, countries that produced selenium contained in copper 
ores, copper concentrates, blister copper, and/or refinery residues, but did not recover refined selenium from these 
materials indigenously, were excluded to avoid double counting. Table includes data available through June 4, 1985. 

An addition to the countries listed, Australia, the Federal Republic of Germany, and the U.S. S. R. produced refined 
selenium, but output was not reported, and available information was inadequate for formulation of reliable estimates of 
output levels. Australia is known to produce selenium in intermediate metallurgical products and has facilities to 
produce elemental selenium. In addition to having facilities for processing imported anode slimes for the recovery of 
selenium and precious metals, the United Kingdom has facilities for processing selenium scrap. 

3Refinery output from all sources, including imported materials and secondary sources. 


“Reported figure. 


51980 data for 9-month period ending Mar. 31, 1981; 1981-84 data for fiscal year ending Mar. 31. In addition to refined 
selenium produced, Zambia exported significant quantities of selenium contained in anode slimes. 


TECHNOLOGY 


The Selenium-Tellurium Development 
Association sponsored the Third Interna- 
tional Symposium on industrial use of sele- 
nium and tellurium, in Stockholm, Sweden, 
in October. The purpose of the symposium 
was to present and discuss the recent devel- 
opments in use, technology, and markets. 


vices, metallurgy, pigments, glass, and oth- 
er applications. Sessions were held on the 
increasing role that selenium plays in semi- 
conductors, nutrition, and agriculture. 
Health and safety aspects were also cover- 
ed. The role of selenium as an essential 
nutrient for humans and animals was 
discussed, as well as research on selenium’s 
role as an anticarcinogen and as an agent in 


The program covered the industrial uses of preventing heart disease. 
selenium in the areas of photoelectric de- 
TELLURIUM?S 


Production of tellurium increased in 
1984. However, much of the increased pro- 
duction stemmed from refining producer 
stocks rather than from primary copper 
production, of which tellurium is a byprod- 
uct. Both consumption and imports increas- 
ed over the 1983 levels. Increased consump- 


tion in 1984 led to an increase in prices. 

Domestic Data Coverage.—Domestic tel- 
lurium refinery production data were ob- 
tained from the only domestic producer on a 
voluntary survey form. The figures have 
been withheld to prevent disclosing compa- 
ny proprietary data. 


OTHER METALS 


Table 21.—Salient U.S. tellurium statistics! 


(Kilograms of contained tellurium unless otherwise specified) 


Refinery productions 
Shipments to consumers ________________.___ 
Imports for consumptio-‚uuu „ 
Apparent consumptionns”æꝰæôn ccc 
Stocks, yearend, producer —-—----------------—- 

ucers price, yearend, commercial grade 


W Withheld to avoid disclosing company proprietary data. 
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1980 1981 1982 1983 1984 
W W W W W 
W W W W W 
29,420 37,953 16,602 11,829 35,382 
80,685 85, 202 45,978 66, 639 107,311 
W W W W 
2819.77 $14.00 $10.00 $9.00 — $11.00-$11.50 


I World refinery production for selected countries is given in table 24. 
* Annual average price per pound. The published list price of tellurium was suspended Jan. 5, 1981. Prices beyond 1980 


are yearend prices quoted by one producer. 


DOMESTIC PRODUCTION 


Commercial-grade tellurium was recover- 
ed by Asarco, at Amarillo, TX, from copper 
anode slimes, a byproduct of electrolytic 
copper refining. Although AMAX Inc. dis- 
continued production of tellurium at its 
Carteret, NJ, copper refinery in 1982, it 
remained a major consumer of tellurium for 
use in tellurium copper alloys. 

High-purity tellurium, tellurium master 
alloys, and tellurium compounds were pro- 
duced by primary and intermediate proces- 
sors from commercial-grade metal and tel- 
lurium dioxide. 


CONSUMPTION AND USES 


Apparent consumption of tellurium in- 
creased for the second consecutive year, and 
was nearly double the 1983 level. The in- 
crease occurred in all end uses and was due 
to the continued improvement of the domes- 
tic economy. Tellurium consumption by end 
use was estimated as iron and steel prod- 
ucts, 45%; nonferrous metals, 21%; chemi- 
cals, including rubber manufacturing, 21%; 
and other, including xerographic and 
electronic applications, 13%. 

The principal end use of tellurium was as 
an alloying metal in the production of free- 
machining steels. The addition of up to 
0.1% improves machinability. Similarly, 
the addition of tellurium to copper alloys 
improves their machinability as well as 
their corrosion resistance. 

Tellurium catalysts were used chiefly for 
the oxidation of a number of organic com- 
pounds, and to a lesser extent, for the 
hydrogenation of oils, and in chlorination 
and dehydrochlorination. Telluride salts 


can be used as an antioxidant in counter- 
acting the formation of sludge in lubricat- 
ing oils. Other tellurium compounds were 
used in germicides and fungicides, and in 
the treatment of dermatitis. Tellurium has 
use as a glass-former in combination with 
other metal oxides, as a color additive in 
metal-finishing operations, and in time- 
delay explosive detonators. Photocon- 
ductive mercury-cadmium-tellurium (MCT) 
is the most widely used infrared-sensing 
material for thermal imaging devices, used 
in military applications such as night vision 
and navigation systems. U.S. military appli- 
cations accounted for most of the detector- 
grade, 99.99999%-pure tellurium that is 
consumed in the market economy countries. 


With increased consumption, prices for 
commercial-grade tellurium reversed from 
the decline that began in 1980. In 1984, the 
producer price for commercial-grade tellu- 
rium, quoted on a daily basis, ranged from 
$11.00 to $11.50 per pound. Commercial 
grades of tellurium metal, containing a 
minimum of 99% or 99.5% tellurium, are 
marketed as minus 200-mesh powder, 1- 
pound ingots, or 5-pound slabs. Tellurium 
dioxide is sold as powder ranging from 
minus 40 mesh to minus 200 mesh and 
containing a minimum of 75% tellurium. 


FOREIGN TRADE 


Imports increased about threefold over 
that of 1983 and were at the highest level 
since 1981. Data on tellurium exports were 
not available. Canada was the major import 
source in 1984. 
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Table 22.—U.S. imports for consumption of tellurium in 1984, by class and country 


Quantity 
Class and country | | R Value 
tellurium) 
Unwrought and waste and scrap: 
Belgium-Luxembourg - - --—------------------------—-——-—-—--—---— 4,003 $68,764 
Cänada cana ᷣ d xx ]] A oe tte 20, 382 369,745 
Germany, Federal Republic olll!!!!!ss?ddgdn 1,019 17,367 
eee aes cea ß ae a a ee 1,825 103,338 
fl ³oÜ¹wmiAſſſ ⁰ͥã⁰ ² y d Eu eu E 1.300 23, 884 
Die è MMM ³o¹wu % ² ͥ GMf—ſA : a ELE e 5,892 105, 026 
Toll. | uo cLi cL Lr i M 8 34,421 688,124 
Compounds: 
Belgium-Luxembourg -----------------=-------------—-—-—-—--—-—— 724 21,112 
Canada — n suc omissus y ß E 200 5,153 
Germany, Federal Republic ooůů77ff „„ „„ 23 8,408 
United Kingdom ——— e d RUE eus ee us 14 6,572 
Total. vue ee ae Ney aA OPO PONDS Az eta EM Nea uai LA LC 961 36,845 
Grand total. un es ] ]ðè . 35,382 724, 969 
Table 23.— U.S. import duties for tellurium 
iia TSUS Most favored nation (MFN) Non-MFN 
d o. Jan. 1, 1984 Jan. 1, 1987 Jan. 1, 1984 
Tellurium metal 632.48 1.5% ad valorem _ FP 25% ad valorem. 
Compounds = 421.90 4.2% ad valorem _ 3.7% ad valorem _ Do. 
WORLD REVIEW copper anodes from three Canadian smelt- 


ers were refined. Tellurium was recovered 
Estimated production of tellurium out- from the anode slimes, which contained 
side of the United States declined slightly about 2% tellurium. 
from the 1983 level. Production was only Cominco was the leading world producer 
about 20% of estimated world refinery ca- of high-purity tellurium at its plant in 
pacity. | Trail, British Columbia. It was also the 
Noranda Mines was Canada’s largest pro- largest producer of detector-grade tellu- 
ducer of tellurium at its CCR Div., where rium. 


Table 24.—Tellurium: World refinery production, by country! 
(Kilograms of contained tellurium) 


Country? . 1980 1981 1982 1983? 1984* 
Canada*__________________________ 8,974 21,297 16,500 23,500 15,100 
//öĩÄ5tĩ—t¹ö JJ ĩ net 11, 3 2a " EON 
India: saser ty cath hte 8 200 220 e220 e200 
7/%§ö%5¹ê f ⁰⁰ 8 68,700 61,700 62,800 54,800 62,700 

ü T8 20,920 21,310 20,726 15,116 14,150 


“Estimated. Preliminary. W Withheld to avoid disclosing company proprietary data. 

1Insofar as possible, data relate to ener output only; thus, countries that produced tellurium contained in copper 
ores, copper concentrates, blister copper, and/or refinery residues, but did not recover refined tellurium, are excluded to 
avoid double counting. Table is not totaled because of the exclusion of data from major world producers, notably the 
U.S.S.R. and the United States. Table includes data available through June 4, 1985. 

An addition to the countries listed, Australia, Belgium, the Federal Republic of Germany, and the U.S.S.R. are known 
to produce refined tellurium, but output was not reported, and available information was inadequate for formulation of 
reliable estimates of output levels. Moreover, the other major copper-refining nations such as Chile, Zaire, and Zambia 
may produce refined tellurium, but output in these nations was conjectural. 

' ?Refinery output from all sources, including imports and secondary sources. 

*Pilot plant production. 


TECHNOLOGY tional Symposium on industrial use of sele- 
nium and tellurium, in Stockholm, Sweden, 
The Selenium-Tellurium Development in October. 


Association sponsored the Third Interna- A report to the National Materials Advi- 


OTHER METALS 


sory Board assessed MCT materials technol- 
ogy. MCT semiconductors are among the 
most important semiconductors for defense 
and space applications. MCT is the princi- 
pal material used for infrared detection 


1021 


systems. The U.S. Department of Defense 
research in 1984 was placing emphasis on 
developing the technology to produce larger 
arrays containing greater numbers of detec- 
tors in the field of view. 


THALLIUM”? 


Historically, the commercial domestic 
source for the production of thallium was 
flue dusts and residues generated during 
the smelting of certain zinc ores. In 1984, 
domestic requirements for thallium contin- 
ued to be met by imports and withdrawals 
from stocks. Asarco, the sole domestic refin- 
er of thallium, has not sold thallium metal 
and thallium compounds since 1981. 

Legislation and Government Pro- 
grams.—The Hazardous and Solid Waste 
Amendments of 1984, Public Law 98-616, 
which was signed by the President on No- 
vember 8, set limits on the disposal of toxic 
materials such as thallium in landfills. 
Land disposal of liquid wastes containing 
thallium metal or thallium compounds at 
concentrations greater than or equal to 130 
milligrams per liter, thallium content, was 
prohibited. This law was to take effect 32 
months after enactment. 


CONSUMPTION AND USES 


The uses of thallium included gamma 
radiation detection equipment, additives for 
changing the refractive index and density of 
glass, low-temperature mercury-thallium 
alloy switches, high-density liquids, alloys, 
photosensitive devices, and radioactive iso- 
topes for cardiovascular diagnostic proce- 
dures. 


PRICES 


Metal traders reported that the price of 
imported thallium metal, 99.99% pure, was 
$35 per pound. 


WORLD REVIEW 


World production data for thallium were 
not available. The U.S. reserves of thallium 
contained in zinc ores were estimated at 
10,000 pounds. Rest-of-world reserves con- 
tained in zinc ores were estimated to be 
160,000 pounds of thallium. 


1Prepared by Daniel Edelstein, physical scientist. 

?Federal Register. Environmental Protection Agency. 
National Emission Standards for Hazardous Air Pollut- 
ants, Proposed Standards for Inorganic Arsenic. V. 49, 
No. 184, Sept. 20, 1984, pp. 36877-36879. 


. Environmental Protection Agency. National 
Emission Standards for Hazardous Air Pollutants, Propos- 
ed Standards for Inorganic Arsenic. V. 49, No. 55, Mar. 20, 
1984, pp. 10278-102280. 

4. Environmental Protection Agency. Creosote, 
Pentachlorophenol, and Inorganic Arsenicals; Notice of 
Intent To Cancel; Notice of Determination, Notice of 
Availability of Position Document. V. 49, No. 138, July 13, 
1984, pp. 2866-28689. 

SASARCO Incorporated (New York) ASARCO News. 
June 27, 1984. 

sWolfe, J. R. The Hydrometallurgical Recovery of Arse- 
nic From Smelter Flue Dusts. Ch. in Arsenic: Industrial, 
Biomedical, Environmental Perspectives, ed. by W. Leder- 
er and R. Fensterheim. Van Nostrand Reinhold Co. Inc., 
New York, 1983, pp. 10-15. 

7U.S. Department of Agriculture. The Biologic and 
Economic Assessment of Pentachlorophenol, Inorganic 
Arsenic, Creosote. Volume 1: Wood Preservatives. USDA 
Tech. Bull. 1658-1, Nov. 4, 1980, pp. 339-341. 

SRoskill Information Services Ltd. (London). The Eco- 
nomics of Arsenic. 5th ed., 1984, pp. 18, 35. 

»Lei, K. P. V., and T. G. Carnahan. Leaching Sulfide 
Minerals by Oxidative Electrolysis in Membrane Cells. Ch. 
in Proceedings of the International Symposium on 
Electrochemistry in Mineral and Metals Processing, ed. by 
P. E. Richardson, S. Srinivason, and R. Woods. Electro- 
chem. Soc. Inc., Pennington, NJ, 1984, pp. 374-390. 

10 The Washington Post. 5th Generation Spurs a Global 
Computer Race. July 12, 1984, pp. D1, D6. 

11Robinson, P. Gallium Arsenide Chips. BYTE, v. 9, 
No. 12, Nov. 1984, pp. 211-227. 

124 merican Metal Market. New Gallium-Arsenide Crys- 
tal Developed. V. 92, No. 49, Mar. 12, 1984, p. 21. 

13Seattle Times. U.S. To Fund Arsenic Study Near 
Asarco. Sept. 30, 1984. 

4The Montana Standard. Anaconda Co. To Pay for 
Smelter Studies. Sept. 5, 1984. 

15Prepared by W. Timothy Adams, physical scientist. 

16Emerson, M. Tantalum. Eng. and Min. J., v. 186, No. 8, 
Mar. 1985, pp. 104-105. 

Chemical & Engineering News. Technology. Selective 
Catalysts Yield Higher Alcohols. V. 62, No. 38, Sept. 17, 
1984, pp. 42, 44. 

18Prepared by Patricia A. Plunkert, physical scientist. 

19 Federal Register. Determination, National Defense 
Stockpile Required for Germanium. V. 49, No. 131, July 6, 
1984, p. 27815. 

40 Nonferrous Metals Manufacturing Point 
Source Category; Effluent Limitations Guidelines, Pre- 
treatment Standards and New Source Performance Stand- 
ards. V. 49, No. 125, June 27, 1984, pp. 26352-26483. 

Chemical Week. Upping the Fiber-Optic Ante. V. 135, 
No. 6, Aug. 8, 1984, pp. 13-14. 

22______ Optic Fibers Startup. V. 135, No. 13, Sept. 26, 
1984, p. 23. 

Wire Technology. Siecor Plant Operating. V. XII, No. 
7, Nov.-Dec. 1984, p. 63. 

24Work cited in footnote 21. 

25Wall Street Journal. Sante Fe, Norfolk Plan Fiber- 

tics System Along Rights of Way. V. CCIV, No. 52, Sept. 
18, 1984, p. 22. 

?6Jordan, C. L. Union Pacific OK's Right of Way for 
Four Fiber Optics Systems. Am. Met. Mark., v. 92, No. 65, 
Apr. 3, 1984, pp. 1, 11. 

27 Japan Metal Journal. V. 15, No. 10, Mar. 11, 1985, p. 5. 

28Luke, P. N. Gold-Mask Technique for Fabricating 
Segmented-Electrode Germanium Detectors. IEEE Trans. 
Nucl. Sci., v. NS-31, No. 1, Feb. 1984, pp. 312-316. 

29Financial Times (Frankfurt ed.). Mar. 16, 1984, p. 23. 
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— "m" 33Mahajan, S., V. G. Keramidas, and J. E. Wernick. InP 
*°Nadkarni, R. A., and R. I. Botto. Determination of and InGaAsP Semiconducting Materials for Optical Com- 

Germanium in Coal Ashes by Inductively Coupled Plasma munications. J. Met., Aug. 1984, pp. 37-44. 

Atomic Emission 5 Appl. Spectrosc., v. 38, prepared by John W. Blossom, physical scientist. 


No. 4, 1984, pp. 59 : Aden 
31Prepared by James F. Carlin, Jr., physical scientist. 35Prepared by Neldon L. Jensen, physical scientist. 


328mith, S. A., and R. Watts. Critical Materials Assess- Prepared by Neldon L. Jensen, physical scientist. 
ment am. Solar Cells. Elsevier Publishing Co., 37Prepared by Patricia A. Plunkert, physical scientist. 
Netherlands, v. II, 1984, pp. 41-49. 


Table 25.—U.S. imports for consumption of thallium in 1984, by country 


Unwrought and waste 
Compounds and scrap 
Country Gross Gross 
weight Content; value weight Value 
(pounds) poun (pounds) 
Belgium- Luxembourg 896 717 $17,387 762 $11,888 
CONDOS oun ee Lu uui c on - SN 8. 3,889 
Germany, Federal Republic of 1,198 958 60,935 = wie 
United Kingdom... 2.22 222 L2 ~~ ~~ 50 40 832 90 781 
Total SE —— 2,144 1,715 . 79,154 820 16,564 
*Estimated | 
Table 26.—U.S. import duties for thallium 
TSUS Most favored nation (MFN) Non-MFN 
Item N 
o. Jan. 1, 1984 Jan. 1, 1987 Jan. 1, 1984 
Unwrought metall 632.50 1.9% ad valorem . Free 25% ad valorem. 
Compound 422.00 4.2% ad valorem 3.7% ad valorem - Do. 


Other Nonmetals 


By Staff, Division of Industrial Minerals 


CONTENTS 
Page Page 
Asphalt- e eene 1023 Staurolite __-______________ 1026 
Greensand ________________ 1023 Strontium 1027 
Meerschaum_______________ 1023 Wollastonite ... 1030 
Quartz Crystal 1024 Zeolites s 1030 
ASPHALT (NATIVE): 


Native asphalt was produced by five com- 
panies in two States, Texas and Utah. 
Bituminous limestone, used primarily as a 
paving material for street and road repair, 


was produced by White Uvalde Mines and 


by Azrock Industries Inc., Uvalde County, 
TX. In June, Azrock Industries was pur- 
chased by the R. L. White Co. 

Gilsonite, a solidified hydrocarbon found 
only in Utah and Colorado, was mined by 
American Gilsonite Co., a division of Chev- 
ron Resources Co. (a subsidiary of Standard 
Oil Co. of California); by Ziegler Chemical 
and Mineral Corp.; and by Hydrocarbon 


Mining Co. (a subsidiary of Oberon Oil Inc., 
a Utah corporation) from properties in 
Uintah County, UT. 

Gilsonite is used for a variety of purposes 
including automobile bodysealer, light- 
weight aggregate for cement used in oil well 
drilling, asphaltic building board, protective 
coverings, anticorrosive paints, and roofing 
compounds. 

Bituminous limestone and gilsonite pro- 
duction and value information are withheld 
to avoid disclosing company proprietary 
data. 


GREENSAND? 


Greensand, also known as glauconite, a 
natural silicate of potassium, aluminum, 
iron, and magnesium, was produced by 
Inversand Co., a subsidiary of Hungerford 
and Terry Inc., near Clayton, NJ, and by a 
new producer, Contractors Sand & Gravel 
Co., near Middletown, DE, who started pro- 
duction in the middle of the year. Produc- 
tion and sales information is withheld to 


avoid disclosing company proprietary data. 
Processed greensand continued to be sold as 
a filter media for the removal of manganese 
and iron from drinking water supply sys- 
tems. Classified, raw greensand was resold 
by Zook and Ranck Inc. as a soil conditioner 
and source of slowly released potash to 
organic farmers in North America. 


MEERSCHAUM? 


Crude or block meerschaum was not im- 
ported during the year. Imports of crude or 


block meerschaum last reported in 1983, all 
from the United Kingdom, totaled 1,543 


1023 


1024 


pounds, with a customs declared value of 
$19,290. The high unit value of this import- 
ed material, $12.51 per pound, indicates 
that imports consisted of shaped or formed 
meerschaum blocks. The major suppliers in 
the past were the Federal Republic of Ger- 
many and Somalia. 

Crude or block meerschaum continued to 
be mined chiefly in Somalia, Tanzania, and 
Turkey. The block material is used by 
companies in New York and Ohio for manu- 
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facturing smokers’ pipes. Smokers’ special- 
ty houses have begun advertising mail- 
order kits with detailed instructions for do- 
it-yourself carving of meerschaum smoking 
articles. Turkish production in 1984 was 
estimated to be 300 unit boxes, 44 pounds 
each, of block meerschaum. Although Tur- 
key has been a major producer of crude or 
block meerschaum, state laws have prohib- 
ited exports of uncarved material since 
1975. 


QUARTZ CRYSTAL‘ 


In 1984, record-high U.S. production was 
set for both lascas and cultured quartz 
crystal. Lascas is the silicon dioxide feed- 
stock material needed for cultured quartz 
production and for certain fused quartz end 
uses. The lascas record was aided by the 
addition of a new mine. Worldwide demand 
for cultured quartz crystal in electronic 
applications fueled the cultured quartz pro- 
duction record. Although overall consump- 
tion levels of natural quartz crystal contin- 
ued to fall, imported natural quartz crystal 
was still required as seed material for grow- 
ing cultured quartz crystal. The National 
Materials Advisory Board (NMAB) review- 
ed quartz crystal requirements for the Na- 
tional Defense Stockpile and reported its 


findings to the Federal Emergency Manage- 
ment Agency (FEMA).5 

Domestic Data Coverage. Domestic pro- 
duction and consumption data for quartz 
crystal are developed by the Bureau of 
Mines from a voluntary survey of U.S. 
operations. Of the seven operations can- 
vassed for production of cultured quartz, all 
responded, representing 100% of total pro- 
duction shown in table 1. Of the 28 oper- 
ations that consumed quartz crystal, 27 
responded, representing approximately 
100% of total consumption, also shown in 
table 1. Consumption for the remaining 
nonrespondent was estimated using report- 
ed prior year production levels adjusted by 
trends in employment and other guidelines. 


Table 1.—Salient U.S. electronic- and optical-grade quartz crystal statistics 
(Thousand pounds and thousand dollars) 


Quantity BS a sa aNd 8 


Consumption: 


Natural (electronic- and optical-grade) ____________ 


Cultured (lumbered) 


Cultured (as grown ))) 


Estimated. NA Not available. 


1980 1981 1982 1983 1984 
ote 400 175 200 600 2,500 
ENS 151 660 478 426 1,027 
Lu 91 121 69 28 42 
il $366 $490 $380 $156 $234 
=e 219 125 115 80 277 
te $3,209 $4,600 $3,500 $3,258 $11,021 
e NA NA NA 3339 *1,600 
sos 816 389 417 153 569 
hes $402 $233 $245 $121 $373 
a2 17 14 16 13 7 
-— 393 282 99 112 77 
2m 312 321 383 312 229 
es 182 623 498 437 313 


!Excludes lascas produced for specimen and jewelry material uses. 


?Bureau of the Census. 


The Journal of Commerce Port Import/Export Reporting Service. 
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Legislation and Government Pro- 
grams.—At yearend, the National Defense 
Stockpile total inventory was 1.9 million 
pounds of natural quartz crystal with a goal 
of 600,000 pounds. Effective October 19, 
1984, the U.S. Department of Defense Au- 
thorization Act (Public Law 98-525) set a 
limit for disposal of 100,000 pounds of 
quartz crystal and determined that amount 
as excess to the current requirements of the 
stockpile. Total sales of natural quartz crys- 
tal by the General Services Administration 
were 127,546 pounds. 

Under a contract with FEMA, NMAB 
reviewed the technology and major applica- 
tions of cultured and natural crystalline 
and fused quartz with the aim of providing 
background information and advice for deci- 
sions regarding the composition and quanti- 
ties of quartz for the National Defense 
Stockpile. The final report recommended 
that the current stockpile of natural quartz 
crystals be reduced considerably, but that 
large crystals be retained as seeds for cul- 
tured crystal growth. Some additional 
quartz should also be retained for special 
crystal requirements and as feedstock for 
unique and essential silica glass applica- 
tions. Also recommended was the monitor- 
ing of (1) the supply-demand situation for 
cultured quartz, especially with respect to 
the early forecast of possible increases in 
the demand for technologically advanced 
materials, and (2) the viability of U.S. cul- 
tured quartz and device suppliers. Finally, 
the report recommended that additional 
Government support be given to research 
and development on the preparation, prop- 
erties, and production scaleup of technologi- 
cally advanced material.* 


DOMESTIC PRODUCTION 


The first full year of operation for the 
new mine in Arkansas, operated by Geomex 
Mines Services Inc., was the primary reason 
for the 1984 lascas production record. The 
other U.S. lascas producer, Coleman Crystal 
Inc., was the major supplier of lascas to the 
U.S. cultured quartz crystal industry. 

The cultured quartz producers operated 
at near full capacity levels for most of the 
year because of the strong worldwide de- 
mand in piezoelectric applications of quartz 
crystal. Seven companies produced cultured 
quartz crystal in the United States. The two 
largest, Sawyer Research Products Inc., 
Eastlake, OH, and Thermo Dynamics Corp., 
Shawnee-Mission, KS, were independent 
growers that produced crystal bars for do- 
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mestic and foreign consumers in the crystal- 
device-fabrication industry. Motorola Inc., 
Chicago, IL, and AT&T Technologies Inc., 
North Andover, MA, produced for both 
internal consumption and the domestic fab- 
rication industry. The other three growers, 
Bliley Electric Co., Erie, PA, Electro Dy- 
namics Corp., Shawnee-Mission, KS, and 
P. R. Hoffman Co., Carlisle, PA, produced 
only for internal consumption. 


CONSUMPTION AND USES 


U.S. consumption of lascas by the seven 
growers was about 1.3 million pounds, a 
9895 increase from the 677,000 pounds re- 
ported in 1983. The substantial increase 
occurred because the quartz crystal indus- 
try operated near full capacity levels in 
1984 after recovering from a 2-year reces- 
sion. 

Quartz crystal was consumed by 28 com- 
panies in 11 States. Of these companies, 22 
consumed only cultured quartz crystal, 2 
consumed only natural quartz crystal, and 4 
consumed both natural and cultured mate- 
rial. 

Cultured quartz crystal is the primary 
quartz material used in electronic applica- 
tions. The piezoelectric effect is achieved 
when a suitable electrical signal is applied 
to a quartz wafer or blank with appropriate 
electrodes, and the wafer then vibrates 
mechanically throughout the bulk of mate- 
rial at a characteristic natural resonance 
frequency. The quartz resonators are 
uniquely suitable for military-aerospace 
and commercial band-pass filter applica- 
tions that require very high selectivity or in 
oscillator applications that require very 
high stability. In addition, for many applica- 
tions requiring only moderate stability, a 
quartz resonator offers a unique combina- 
tion of high performance, small size, and 
low cost. Quartz resonators are also used for 
many less demanding applications such as 
providing timing signals for watches, clocks, 
and microprocessors in industrial, automo- 
tive, and consumer products. 

For very high frequencies (above 100 
megahertz) the quartz wafer becomes too 
thin for practical use. At these higher 
frequencies, structures that use surface vi- 
brations, in which the frequency is deter- 
mined by electrode dimensions rather than 
wafer thickness, are becoming more impor- 
tant. These structures are called surface 
wave or surface acoustic wave (SAW) de- 
vices. In 1984, SAW devices amounted to 
only a few percent of the total industry 
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usage. 

Imported natural quartz crystal contin- 
ued to be required as seed material for 
growing quartz crystal. It was also used in 
pressure transducers for highly sensitive 
quartz pressure gauges, which have become 
the petroleum industry's standard for accu- 
rate and precise pressure measurements in 
oil and gas wells. 


STOCKS 


Reported industry cultured quartz crystal 
stocks totaled approximately 53,000 pounds 
at the beginning of the year and increased 
to about 134,000 pounds by yearend. The 
increase was attributed to a slowdown in 
sales during the fourth quarter. 


PRICES 


The average reported value of lascas con- 
sumed for production of cultured quartz 
crystal was $0.57 per pound, 5 cents per 
pound below that of 1983. The average 
value of as-grown cultured quartz, based on 
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The average value of lumbered quartz, 
which is as-grown quartz that has been 
processed by sawing and grinding, was 
$54.90 per pound, an increase of about 12% 
from that of 1983. The lumbered quartz 
average value was based on reported sales 
of 329,757 pounds. 


FOREIGN TRADE 


Sawyer Research Products and Thermo 
Dynamics, the two largest growers of cul- 
tured quartz crystal, accounted for all of the 
cultured quartz crystal exports. Japan 
received 79% and the Republic of Korea 
received 11% of the export total reported by 
the Bureau of the Census. 

Most of the natural quartz crystal exports 
were bought from the National Defense 
Stockpile and were in the 700- to 1,000-gram 
weight class or lower. This quartz was 
consumed primarily in nonpiezoelectric 
uses such as quartz carvings and figurines. 

Imports of Brazilian lascas, designated 
"Crude Brazilian Pebble," reached their 
highest level since 1980 in response to the 


reported sales of 264,435 pounds, was $24.18 strong industrial demand for cultured 
per pound, up about 11% from that of 1983. quartz crystal. 
STAUROLITE’ 


Staurolite is a naturally occurring, com- 
plex, hydrated aluminosilicate of iron hav- 
ing a variable composition. The mineral 
most commonly occurs as opaque reddish- 
brown to black crystals with specific gravity 
ranging from 3.74 to 3.83 and Mohs’ hard- 
ness between 7 and 8. 

A limited rock-shop trade in cruciform 
twinned staurolite crystals "fairy crosses" 
exists, notably from deposits in Georgia, 
North Carolina, and Virginia. Staurolite in 
the United States was produced commer- 
cially in 1984 by E. I. du Pont de Nemours & 
Co. Inc. and by Associated Minerals (U.S.A.) 
Ltd. Inc. 

Staurolite is a byproduct of heavy-min- 
eral concentrates recovered from a glacial- 
age beach sand in Clay County, north- 
central Florida. The staurolite is removed 
by means of electrical and magnetic separa- 
tion after the concentrates have been 
scrubbed and chemically washed with caus- 
tic, rinsed, and dried. The resulting fraction 
produced is comprised of about 77% clean, 
rounded, and uniformly sized grains of 
staurolite, with minor proportions of tour- 
maline, ilmenite, and other titanium miner- 
als, kyanite, zircon, and quartz. A nominal 


composition of this staurolite sand is 45% 
Al;O; (minimum), 18% Fe;O; (maximum), 
3% ZrO: (maximum), 5% TiO, (maximum), 
and 5% SiOz. 

Although originally marketed only as an 
ingredient in some portland cement formu- 
lations, staurolite is now marketed as a 
specialty sand under the trade name Biasill 
for use as a molding material in nonferrous 
foundries, owing to its low thermal expan- 
sion, high thermal conductivity, and high 
melting point. Its low softening point tends 
to restrict it to nonferrous casting. Its major 
use is as an abrasive for impact finishing of 
metals and sandblasting of buildings under 
the trade names Starblast (80 mesh) and 
Biasill (90 mesh), as well as a coarse grade 
(55 mesh). 

Quantitative production data are not re- 
leased for publication, but the 1984 produc- 
tion of staurolite increased 12% from that 
of 1983; shipments decreased 4% in tonnage 
and increased 66% in price per ton. Domes- 
tic productive capacity remained at about 
135,000 short tons per year. 

Staurolite had been produced in India in 
small quantities and sometimes by other 
nations as well. 
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STRONTIUM* 


The U.S. strontium industry continued 
restructuring in 1984. FMC Corp., for many 
years the leading domestic producer of 
strontium compounds, closed the company's 
plant at midyear. Because of the decreased 
U.S. capacity for manufacturing strontium 
compounds, imports of celestite (SrSO,), the 
principal source of strontium, decreased 
slightly. Celestite was not mined in the 
United States. Overall, strontium demand 
increased in its principal end uses requiring 
increases in imports of strontium carbonate 
(SrCOs) and nitrate Sr(NOs)2. In a major 
foreign development, a large Mexican cel- 
estite mining company was constructing a 
SrCO; plant. The Federal Republic of Ger- 
many, the world’s largest manufacturer of 
SrCO; was expected to complete a 33% 
expansion in annual capacity by early 1985. 

Domestic Data Coverage.—Domestic pro- 


duction data for strontium are developed by 
the Bureau of Mines from a voluntary 
survey of U.S. operations. Of the two oper- 
ations to which a survey was sent, both 
responded, representing 100% of total pro- 
duction. However, because of the small 
survey size, production and stock data were 
withheld from publication to avoid dis- 
closing company proprietary data. 

The strontium survey is also used to 
calculate the distribution of primary stron- 
tium compounds by end use. Of the 15 
operations to which a survey request was 
made, 14 responded, representing an esti- 
mated 98% of the end-use data shown in 
table 3. Consumption for the nonrespondent 
was estimated using reported prior year 
consumption levels adjusted by trends in 
employment and other guidelines. 


Table 2.—Major producers of strontium compounds in 1984 


Company Location Compounds 
Barium and Chemicals Inn Steubenville, OH. . . . . .. Various. 
Chemical Products Cord Cartersville, GA |... Carbonate. 
Mallinckrodt Inne St. Louis, MO______________ Various. 
Milwhite Co. Ina Houston, XK. Sulfate. 
Mineral Pigments Corp ________________~_ Beltsville, ů)eeeee?e?ʒ Chromate. 
Wayne Chemical c0o0o Milwaukee, ILL Do. 


DOMESTIC PRODUCTION 


Strontium minerals had not been pro- 
duced commercially in the United States 
since 1959. After the midyear 1984 closure 
of FMC's Modesto, CA, plant, Chemical 
Products Corp. (CPC), Cartersville, GA, was 
the remaining major producer of SrCO, 
from imported celestite. A number of U.S. 
firms manufacture strontium compounds 
from SrCOs. 


CONSUMPTION AND USES 


The major use in the United States was in 
the manufacture of color television tubes, 
which contained 5% to 7% strontium oxide 
supplied as SrCO,. In 1984, the decline in 
consumption for this end use was attributed 
to the closure of a large television picture 
tube plant in 1983. 

Another major use of SrCO; was in the 
manufacture of ferrite ceramic magnets, 
which were made from iron oxides and 
SrCO;. Strontium ferrites were 15% SrCO, 
by weight and had a higher coercivity than 


barium ferrites in terms of unit weight, size, 
and cost. In recent years, strontium ferrites 
have been gradually replacing barium fer- 
rites. SrCO; was also used in the electrolytic 
production of zinc, in which SrCO was 
added to the electrolyte to precipitate lead 
ions from solution. 

Sr(NO) used in pyrotechnics and signals 
continued as the second largest end use. 
FMC, formerly the only U.S. producer of 
Sr(NO);, sold its manufacturing equipment 
to CPC, which planned to add Sr(NO;) to 
the company's product line in 1985. The 
brilliant red color that strontium imparts to 
a flame promoted the use of Sr(NO;) in 
railroad fusees, other signal flares, and in 
pyrotechnics for entertainment. 

Strontium compounds of lesser impor- 
tance included strontium chromate, which 
was used as a corrosion inhibitor in pig- 
ment; strontium phosphate, which was used 
in the manufacture of fluorescent lights; 
and strontium chloride, which was used in 
the manufacture of toothpaste for sensitive 
teeth. Small quantities of strontium com- 
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pounds were also used in electronic compo- 
nents, glass, oil well drilling muds, pharma- 
ceuticals, plastics, radarscopes, and welding 
fluxes. 


Table 3.—U.S. estimated distribution of 
primary strontium compounds, by end use 


(Percent) 
End use 1982 1983 1984 
Electrolytic production of zinc- - 3 rg 6 
Ferrite ceramic magnets |... 78 19 11 
Pigments and fillers_ _ _ _ _ - _ - r5 14 8 
Pyrotechnics and signalasͤ - 15 14 14 
Television picture tubes 62 64 53 
E A A AA (*) (^) 1 
Unidentified FTC 17 16 7 
/ ˙ꝛw»̃ĩ ⁰² ees 100 100 100 
"Revised. 
1Less than 1/2 unit. 
PRICES 


The average value of imported strontium 
minerals at U.S. ports was $87.87 per short 
ton, or $13.45 per ton more than that of 
1983. Prices for strontium minerals are 
usually determined by direct negotiations 
between buyer and seller and are seldom 


published. 


FOREIGN TRADE 


Celestite imports declined slightly from 
their 1983 level with Mexico supplying 
about 96% of the 1984 reported total. Con- 
sidering the anticipated impact on U.S. 
strontium compound production as a result 
of FMC's plant closure, the decline was 
relatively small. A partial explanation of 
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why the impact was not greater was that 
CPC expanded its capacity early in 1984, 
and FMC's plant closure was at midyear. 
Additionally, the U.S. SrCO; market rallied 
in 1984, and CPC operated at or near full 
capacity during much of the year. 

Foreign competition for the U.S. stron- 
tium compound market intensified. On a 
SrCO, basis, imports more than quadrupled 
their 1983 levels. Most of the increase oc- 
curred for SrCO, and Sr(NOs)s. The leading 
suppliers of SrCOs, in descending order, 
were the Federal Republic of Germany and 
China. SrCO; imports were reported from 
China for the first time since 1979. The 
leading exporters to the United States of 
Sr( NO,): were Italy and Spain. Because 
FMC had been the only U.S. producer of 
Sr(NO;)2, the sharp increase in imports of 
this compound was predictable. 


Table 4.—U.S. imports for consumption of 
strontium minerals! by country 


1983 1984 
Country p 7 Value pre j Value 
(short (thou (short (thou. 
tons) sands) tons) sands) 
Madagascar (2) $1 (3) $1 
Mexico 47,007 3,080 46, 873 3,940 
Spain 2.789 626 1,978 352 
Total 49,796 13,707 348,852 4,293 
TRevised. 
1Celestite (strontium sulfate). 
2Less than 1/2 unit. 


3Data do not add to total shown because of independent 
rounding. 


Source: Bureau of the Census. 


Table 5.—U.S. imports for consumption of strontium compounds and metal, by country 


Country 


Senium carbonate, not precipitated: 


Germany, Federal Republic of 
iss... eee eee oe 


Canada A te eee ee eee 


China 

Germany, Federal Republic of—— 
Mexico c ⁵⅛ðVͤ a eS 
United Kingdom nm 


See footnotes at end of table. 


1983 1984 

Pounds Value Pounds Value 
_ me 436 $345 
39,683 $11,047 39,683 11,288 
ee ae 84,000 880 
hil a 39,683 9.423 
739.683 711,047 163,802 44,881 
a No 158,733 66,935 
aa os 829,547 253,331 
938,007 290,620 5,586,138 1,577,834 
m ne 354,200 130,219 
5,143 8,007 iid ve 
943,150 298,627 6,928,618 2,028,319 
Em T 5,291 5,941 
53,010 59,131 2 EN 
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Table 5.—U.S. imports for consumption of strontium compounds and metal, by country 


—Continued 
8 1983 1984 
e Pounds Value Pounds Value 
Strontium chromate:! —Continued 
F mee ³ð³1 ĩð m E i 235,284 $240,994 222,665 $224,149 
Germany, Federal Republic of. |... - 3,337 5,588 13,228 19,340 
Sĩ Ü ↄ ( a ee ⁰ a 28,660 31,034 147,647 161,879 
United Kinds 8 10,155 10,788 4,698 13,574 
%%/CõÄ˙—· ⅛Ü 02A E avn EA 330,446 347,535 393,529 424, 883 
Strontium nitrate: 
/!Cö⁰ÜoÜðb0twpQ y ð H : Um tic 815,414 351, 230 970,517 417,918 
SS ³·W¹ k duds iE 45,194 15,622 865,619 325,233 
Total s mat cames ni E ⁵ͤ deo LE RU ene eee 860,608 366,852 1,836,136 743,151 
Strontium compounds, n.s.p.f.: 
VI ost ee =e m 441 390 
Germany, Federal Republic oft 18,963 21,132 22, 391 22,913 
I YH reas 24, 246 13,698 157,364 109,954 
Netherlands 366 4,453 7,726 11,598 
/öͤÜ ³ y 39,683 14,028 m 1 
United Kind odas eos edd ctsp eite 16,983 21,411 um Y 
"Total s uuu ĩ5—§01 ꝛ V. ⁊ ᷑⁊᷑ 2 o ees Roe 100,241 14,122 187,922 144,855 
Strontium metal, unwrought: Canada ___________ _ 1,991 22,790 1,424 17,980 


"Revised. 


! Imported as strontium chromate pigment (TSUS 473.19). 


Source: Bureau of the Census. 


WORLD REVIEW 


Canada.—Anticipating a strengthening 
market for celestite, in October, the Nova 
Scotia Department of Mines and Energy 
invited tenders on a block of claims that 
included the former celestite producing de- 
posit at Lake Enon in Cape Breton County. 
Bids were to be accepted up to July 2, 1985. 
Kaiser Celestite Mining Ltd. mined these 
deposits from 1970 to 1976 and produced 
over 270, 000 tons of celestite. Measured and 
indicated celestite ore reserves totaled 
110,000 tons occurring in two zones that 
average 45% to 50% and 60% to 70% SrSO,, 
respectively.? 

Germany, Federal Republic of.—Kali 


Chemie AG, the world's largest producer of 
SrCO;, announced plans to increase its total 
annual SrCO; capacity by 33% in early 
1985. The company's expansions were 
scheduled for plants in Bad-Hoenningen, in 
the Rhine River region, and Sapad, in 
Livorno, Italy.“ 

Mexico.—Cía Minera La Valenciana S.A., 
owner of the world's largest celestite mine, 
announced that the company was con- 
structing a SrCO; plant at Torreon. The 
plant, as planned, was to have a SrCO; 
capacity of 12,000 tons per year and was 
scheduled to open by yearend 1985. The 
company was expected to continue as the 
major celestite supplier to CPC. 1 
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Table 6.—Strontium minerals: World production, by country! 


(Short tons) 
Country? 1980 1981 1982 1983P 1984* 
Algeria” e es cc 3 16,000 76.000 76.000 6,000 6,000 
F -- ----------------———- 295 342 855 742 660 
Tant? ceo ee e e LR 6,100 5,500 5,000 15,100 5,100 
Italy n occu lur c e eL 1,161 1,382 3,607 r €3,600 3,500 
N ³⅛VW 8 44.931 45,574 34,917 41,343 44,000 
Pakistan .— mrs ee 276 325 300 149 170 
S ³ 6 ⁵ ä 20,944 39, 683 38,581 r €38,000 37,500 
Türkéy done OE N 17,600 16,500 16,500 142,808 ,600 
United Kingdom 7,386 16,000 19,800 13,200 13,200 
„ eee PS Seno 7104, 693 137,306 125,560 150,942 148,730 
*Estimated. Preliminary. Revised. 


1Table includes data available through June 4, 1985. 
2In addition to the countries listed, 


reported quantitatively, and available information is inadequate for formulation of reliable estimates of output 


Year beginning Mar. 21 of that stated. 
Reported figure. 


ina, Poland, and the U.S. S. R. produce strontium minerals, but output is not 


evels. 


WOLLASTONITE?? 


Wollastonite is a natural calcium sili- 
cate and has a theoretical composition of 
CaO SiO. 

The tonnage of wollastonite sold or used 
by U.S. producers in 1984 increased by 16%. 
Specific data are withheld to avoid dis- 
closing company proprietary data. The 
three producers, in descending order of 
output, were NYCO, a division of Processed 
Minerals Inc., Essex County, NY; R. T. 
Vanderbilt Co. Inc., Lewis County, NY; and 
Pfizer Inc., Riverside County, CA. 

NYCO's new Lewis Mine, with estimated 
reserves of 6 million tons, replaces the older 
underground mine, which was near deple- 
tion. At the new minesite, the company 
installed a 300-short-ton-per-hour portable 
crushing system. The crushed ore is trucked 
14 miles to the mill at Willsboro, NY. 
Garnet residue, previously treated as waste, 
has now found a growing market in sand- 
blasting, road paving material, and ice 
control.'s | 

Some of the major uses of wollastonite are 
as a filler in ceramic tile, marine wallboard, 
paint, plastics, and refractory liners in steel 
mills; and as a partial replacement for 


short-fibered asbestos in friction products 
such as brake linings. 

In China, the first wollastonite deposit 
was discovered in 1975 in Hubei Province. 
Most of the wollastonite minerals were 
acicular and comparatively pure; major as- 
sociated minerals were andradite, diopside, 
and quartz. After the first deposit was 
discovered, 17 other deposits were found in 
11 provinces.'* 

Oy Partek AB, of Finland, shipped about 
5,000 tons of wollastonite in 1983 to Europe- 
an ceramic markets and produced 10,000 
tons for internal use. In India, Wolkem Pvt. 
Ltd. shipped 18,000 tons of ore in 1983 to 
grinders in Europe and Japan.!“ 

The American Paint & Coatings Journal, 
December 31, 1984, quoted the price of 
paint-grade wollastonite, carloads, f.o.b. 
plant, as $164 per ton for acicular material; 
$117 per ton for 325 mesh; and $134 per ton 
for 400 mesh. Chemical Marketing Report- 
er, December 31, 1984, quoted prices for 
truckloads, f.o.b. plant, as $174 per ton for 
general grade; $125 per ton for 325 mesh; 
and $142 per ton for 400 mesh. 


ZEOLITES's 


Natural zeolites production in 1984 was 
about one-half that of 1983 at about 2,400 
metric tons. 

An in-depth analysis of the reasons for 
the failure of the natural zeolite industry to 
achieve expected goals was given at an 
industrial minerals conference." The pre- 


sentation indicated that the tremendous 
potential of the industry is part of the 
problem and that the marketers are, by and 
large, treating natural zeolites as a com- 
modity and merely hanging out an avail- 
able" sign. It was emphasized that most of 
the industry's problems were caused by 
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wrong marketing approaches, such as 
attempting to sell the natural zeolites for 
replacement of materials that were in some 
cases both better for the use and cheaper 
than the zeolites. To be successful, market- 
ing approaches should treat the zeolite like 
the “speciality chemicals" they truly are, 
and address very specific markets that re- 
quire their special properties. Clinoptilolite 
was s0 efficient at removing ammonia from 
the effluent at waste water treatment 
plants that frequent recharging was unnec- 
essary and the envisioned large and recur- 
ring market did not develop. 

A second paper on zeolites gives an in- 
depth description of the location, geology, 
mineralogy, history, and utility of the Cam- 
panian tuff of southern Italy.!“ It was 
concluded that large deposits of chabazite- 
rich tuff, exploitable for numerous industri- 
al and agricultural processes, are present in 
the region. The rock constituting the vari- 
ous deposits is nearly homogeneous and 
often contains an elevated amount (50%) of 
zeolite. The zeolites have interesting proper- 
ties, especially for adsorption operations, 
including good thermal stability, elevated 
rehydration kinetics, and acceptable water 
vapor adsorption capacity. 

A Mississippi newspaper reported that 
University of Mississippi geologists had dis- 
covered a "respectable reserve" of zeolites 
in the northern portion of the State.!? It was 
suggested that the zeolites could be used to 
purify the water in catfish farming, thereby 
doubling the catfish population per unit of 
water. 

A chemical magazine outlined the differ- 
ences between market perceptions for zeo- 
lites as a major detergent ingredient in the 
United States and other countries. 2 At 
present, in the United States, six States— 
Indiana, Michigan, Minnesota, New York, 
Vermont, and Wisconsin—ban the use of 
phosphates in home laundry detergents, 
and all six also limit the phosphate content 
to the equivalent of 8.7% phosphorus in 
automatic dishwashing detergents. Addi- 
tionally, localities have their own bans. 
Dade County, FL, which includes Miami; 
Chicago and many of its suburbs; and Ak- 
ron, OH, and some of its suburbs have total 
bans. Other areas have opted for limits. 
Connecticut, Florida, Maine, and about 15 
municipalities limit phosphorus content to 
8.7% in household laundry detergents. 
According to the article, the expected zeo- 
lite boom was based on such legislative bans 
or limits on the use of phosphates in deter- 
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gents. 

In the United States, detergent-grade 
zeolite capacity is dominated by Ethyl 
Corp., whose plant at Pasadena, TX, went 
on-stream in the late 1970's with a capacity 
of about 100,000 tons per year. In Septem- 
ber 1982, PQ Corp. put on-stream its 30,000- 
ton-per-year plant in Kansas City, KS. 

Industry observers say that market share 
loss for zeolite-based products led Proctor & 
Gamble Corp. (P&G) to reformulate the 
products it had been marketing in phos- 
phate-limit areas. Producers of zeolites in 
the United States had high hopes that the 
product market would quickly expand 
throughout the rest of the industry if the 
P&G formulation was successful. However, 
P&G's product reformulation back to a level 
of 8.2% phosphorus, just under most of the 
limits of 8.7% phosphorus, resulted in 
underutilization of some nearly new zeolite 
plants. 

Mining Magazine reported that detailed 
geological exploration has revealed that the 
zeolite occurrence found near Ratka, Hun- 
gary, is the richest such deposit in Europe. 2 
Clinoptilolite reserves are about 100 million 
tons. About 17 product types have been 
marketed for various purposes. In addition 
to domestic markets, Austria, the Federal 
Republic of Germany, and Sweden are the 
principal users of Hungarian zeolites. Pro- 
duction in Hungary amounts to 15,000 tons 
per year. To meet increasing demand, more 
production capacity is being constructed. 

In Canada, there is a federal limit on the 
use of phosphates in household detergents 
set at 2.2% phosphorus. 

Some European countries, notably Swe- 
den, have decided the best way to tackle 
water eutrophication is through tertiary 
sewage treatment systems. Most other 
countries that have a perceived problem, 
however, have turned to phosphate limita- 
tions. For most of these countries, the 
limits—and by and large they are limits not 
bans—are complex formulas dependent 
upon such factors as water hardness. For 
example, in the Federal Republic of Ger- 
many, a decree has set the maximum 
amount of phosphates in detergents with 
scheduled reductions, in phases. In the 
Netherlands, there has been a voluntary 
two-stage reduction in phosphate levels by 
the industry. 

In Norway, the industry and the Govern- 
ment worked out an agreement to limit 
phosphate content in household laundry 
detergents to 12% sodium tripolyphosphate. 
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However, there is a total ban on the phos- 
phates for automatic dishwashing deter- 
gents. 

As recently as August 1983, production 
capacity for detergent zeolites in Europe 
was at least 210,000 tons per year. 

Although only some of Japan's Prefec- 
tures have instituted bans on phosphate 
use, detergent makers decided upon total 
product reformulations because of the coun- 
try’s marketing patterns. As a result, with- 
in only 2 years, more than 90% of the 
detergents produced and sold in Japan are 
phosphate-free, using zeolites instead. 

It was noted in a later issue of the same 
magazine that the European zeolite indus- 
try had one basic problem—it was too big.“ 
New producers, anticipating good growth in 
markets such as desiccants and adsorbents, 
fluid-cracking catalysts (FCC), and deter- 
gents, have entered the market. With 
growth temporarily slowed, considerable 
overcapacity exists in the industry. 

In Europe, FCC probably account for the 
second largest use of zeolites, following 
detergents. Although the market for FCC is 
roughly the same size as that for detergent 
zeolites, zeolites make up a part of the 
catalyst, anywhere from 5% to 40%. Euro- 
pean consumption of FCC will amount to 
about 40,000 tons this year, less than one- 
fourth of the more than 170,000 tons used in 
the United States, and slightly less than 
one-half the amount used by the rest of the 
world. FCC demand is increasing about 5% 
per year. For the time being, however, the 
catalyst industry has significant overcapaci- 
ty. 

The most recent entry into the European 
FCC market was Union Carbide Corp., 
which acquired the Dutch-based Katalistiks 
Co. In 1983, Katalistiks started up a 60,000- 
to 80,000-ton-per-year plant in Savannah, 
GA, to add to its Dutch capacity. With this 
purchase, Union Carbide is now active in 
both the European and the U.S. markets. 

This market is increasingly becoming in- 
ternationally competitive. In addition to 
Katalistiks’ move into the United States, 
Akzo Zout Chemie Nederland BV is build- 
ing an FCC plant in Houston, with about 
45,000 tons per year of capacity, scheduled 
to begin operating in 1985. Akzo also has 
just announced plans to build another FCC 
plant of 25,000 tons capacity in Brazil. 

In those European countries where there 
are no regulations limiting phosphate use 
in detergents, zeolites remain the chemicals 
of choice. One of the key points is relative 
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cost. If zeolites can be incorporated into a 
product on a sound economic basis, they will 
be attractive to the soap industry. On a 
100% dry basis, zeolites cost about 37 cents 
per kilogram in Europe, and phosphates 
cost 55 to 63 cents per kilogram. However, 
relatively more zeolite is used for a given 
formulation, and transportation costs 
mount up quickly, a disincentive unless the 
detergent plant is near a source of zeolites. 

Adsorbent zeolites have the most stable, 
mature market of all zeolites. The outlet as 
desiccants and adsorbents is probably the 
oldest for zeolites. Just as in the United 
States, this market is the smallest of Eu- 
rope's three major markets for zeolites. In 
the United States, about 80% of this portion 
of the market is for desiccants, with the 
remaining 20% going for adsorbent applica- 
tions. In Europe, however, adsorbent uses 
predominate. 

Despite the existing overcapacity, the 
West German chemical company Degussa 
AG announced plans to expand production 
capacity for its MS 440 zeolite molecular 
sieve at the end of 1985 at the company's 
plant at Wesseling, near Cologne. The plant 
will supply European manufacturers of in- 
sulating glass. Also, Yugoslavia's first zeo- 
lite production facility will shortly come on- 
stream at the Birac alumina factory in 
Zvornik. The plant will produce about 
60,000 tons per year of zeolite, which will be 
used to replace sodium tripolyphosphate i in 
the manufacture of detergents. | 


TECHNOLOGY 


The Harshaw/Filtrol Partnership, form- 
ed in late 1983 by combining the assets 
of Harshaw Chemical Co. and the Filtrol 
Corp., is now marketing a new product that 
is more effective in decolorizing cooking oil. 
This new product is a blend of a bleaching 
earth clay with magnesium-lanthanum ex- 
changed Y-zeolite. The effect of this zeolite 
addition is to remove free fatty acids from 
bleached vegetable oil while retaining the 
decolorizing efficiency for removing pig- 
ments.?5 

The Xorbox Div. of Greene & Kellogg Inc. 
announced new small tonnage systems with 
a single zeolite adsorbent bed for oxygen 
generation for industrial applications. They 
are designed to produce the oxygen purity, 
flow rates, and pressures best suited for a 
variety of applications.?* These five systems 
range in capacity from 2,000 to 40,000 
standard cubic feet per hour. Assembly and 
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startup of the plant, which is said to require 
only minimal attention from plant person- 
nel, reportedly can be accomplished in less 
than 3 days. 

The systems, which were developed by 
Xorbox with support from the Gas Research 
Institute to provide sources of low-cost oxy- 
gen in small-to-moderate volumes, will be 
tested on a glass-melting furnace at Ford 
Motor Co.'s Glass Div., Nashville, TN, plant. 
the use of oxygen from the generator to 
enrich gas-fire combustion is expected to 
increase both the energy efficiency of the 
melting process by up to 20% and the 
product output by up to 40%. 

The many applications of zeolites, with 
particular reference to the Mobil Oil Corp.'s 
ZSM-5 catalyst, have been reviewed. The 
application of zeolites as catalysts came 
some years after industry put the other 
zeolitic properties to use. The economic 
impact of zeolites as catalysts, however, 
dwarfs these large-volume applications. The 
catalytic properties of zeolites and their 
potential usefulness to the petrochemical 
processing industry were unrecognized un- 
til Mobil scientists began to study these 
minerals. Their work led, in 1962, to the 
first commercial application of a catalytic 
zeolite, cracking heavy crude petroleum 
fractions. 

The cracking catalyst patented by Mobil 
has provided refiners with the capability to 
produce 2096 more gasoline from a barrel of 
crude. Today, 90% of the refineries in mar- 
ket economy countries use this technology. 
Of all the shape-selective zeolites synthesiz- 
ed for catalytic applications, the most versa- 
tile so far is Mobil's proprietary zeolite 
ZSM-5 catalyst, which possesses the follow- 
ing desirable properties: catalytic activity 
that may be tailored for a given reaction, 
exceptionally long life, and a shape-selec- 
tive pore system that enhances the yield of 
wanted products while reducing the yield of 
unwanted products. 

A recent application is a ZSM-5 cracking 
catalyst that provides refiners with a meth- 
od to provide higher octane, lead-free gaso- 
line. The ZSM-5 chemistry also is at the 
heart of the methanol-to-gasoline (MTG) 
process that catalytically converts metha- 
nol to high-octane gasoline. 

In the short span of 10 years, 10 diverse 
ZSM-5 catalyst processes have been identi- 
fied and developed. Five of these have been 
scaled up and are operating commercially 
in 35 reactors throughout the world. Sever- 
al of the remaining five are on the threshold 
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of commercial reality. 

An improved version of the ZSM-5 cata- 
lyst was reported. Higher MTG yields are 
possible with an asbestos-based catalyst, 
according to research at Concordia Univer- 
sity (Montreal, Canada). By crystallizing 
zeolite ZSM-5 on asbestos fibers, a mixed 
catalyst is obtained that increases product 
selectively. In tests, olefin production is 
raised from 10% to 15% (for pure ZSM-5) to 
almost 60%, while paraffin generation is 
cut from 45% to less than 5%. The concen- 
tration of aromatic liquids produced is 
about the same (40%) with both catalysts. 

Zeolite substitutes continue to be a sub- 
ject of interest. A British magazine specu- 
lates that zeolites leading position may now 
be threatened by an even more adaptable 
family of chemicals—pillared clays.“ The 
clays could prove to be very inexpensive. 
The family of minerals from which they are 
made, smectite, is found in large deposits. 
Depending on the purity of the raw materi- 
al, however, pillared clays may require 
significant processing, and the production 
costs would probably be similar to those of 
zeolites. 

Refining the heavier fractions of oil is the 
largest potential market for pillared clays; 
however, a serious drawback must be over- 
come. At present, pillared clays cannot be 
reused, because the heat and water needed 
to reactivate them results in the collapse of 
the pillars. 

Another product that was a direct out- 
growth of zeolite research has reached the 
commercial stage.* Union Carbide has 
opened a facility in Mobile, AL, for the 
commercial manufacture of its newly devel- 
oped molecular sieves. The sieves, made of 
aluminophosphate and silicoaluminophos- 
phate, have a microporous crystalline struc- 
ture that enables them to adsorb impurities 
from liquids and gases and to separate gases 
of different molecular size. 
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